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SPECIAL ARTICLES 

T H E  SHAPE O F  T H E  CHICK EMBRYO log w = ulog t t b 

GROWTH CURVE1 

MURRAY~has found that the logarithm of the ohick 
embryo weight when plotted against the logarithm of 
age yields a straight line from 5 to 19 days of age. 
Slthough he did not attach any significance to this 
observation, some of the later investigators, who ap-  
parently have confirmed Murray's finding, have on 
basis of it elaborated several different hypotheses 
regarding the nature of the growth process. Need-
ham3 in his exhaustive treatise on chemical embryology 
reviewed these adequately, and it is not necessary for  
the purpose of this note to reiterate any of them. I t  
may be, however, mentioned that a recent generalization 
of the laws of growth (Glaser4) also utilizes Murray's 
observation. 

It is obvious that, if chick embryo growth conforms 
to a single logarithmic straight line throughout the 
embryonic period, far-reaching consequences for  gen- 
eralized descriptions of the growth process may ensue. 
I t  is therefore exceedingly important to determine the 
validity of describing the total chick embryo growth 
by means of such a straight line. 

I n  preparing a logarithmic plot of unpublished data 
from this laboratory, it  was noted that while a n  excel- 
lent straight line fit was obtained for  the portion of the 
growth curve from 7 to 12 days of age, a flexure was 
noted a t  about 12 days. The observed weights rose 
above the calculated ones, the difference bebeen  the 
t ~ o  thegradually disappearing towards the end of 
embryonic life of the chick. 

Fortunately, Keedham (Appendix I, Table 3 )  lists 
a number of sets of embryo weights obtained by various 
investigators, thus affording an opportunity to examine 
these sets for  similar deviations. The more complete 
sets comprising the data of Falck, Hasselbach (two 
sets), Bohr and Hasselbach, Lamson and Edmond, 
Iljin, Schmalhausen (two sets), Henderson and Brody, 
Romanoff, and Byerly (loc. of all cited by Needham) 
were thus utilized. 31urray1s data were obtained from 
his original paper, since Needham cites the calculated 
rather than the observed figures. I n  addition the data 
presented by Landauer5 for  normal embryos and the 
data from this laboratoryG were used. 

The procedure was to obtain the least squares fit to 
the straight line 
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for  eaoh of the sets fo r  the period from 7 to 12 
days of age. I f  the straight line fit is legitimate 
fo r  the whole of the embryonic groMh period, the 
equation obtained on basis of these six points should 
apply equally well to the period from 1 2  to 20 days. 
Calculated logarithms of weights fo r  eaoh age from 7 
to 20 days were then obtained and the deviations from 
the observed logarithms of weights computed. I n  eaoh 
case the origin of the deriations may be considered as 
the straight line resulting from a plot of calculated 
log weights against themselves. The slope of this line 
is equal to unity in all the sets. This permits calcula- 
tion of the mean deviation with its standard error for  
each day of incubation. 

It should be noted that the first four sets cited were 
recorded in 1900 and earlier. The conditions of incu- 
bation under which the embryos were grown were 
probably not optimum, since great advances in incu- 
bation technique have been made since that time. This 
fact would undoubtedly tend to distort the normal 
progress of growth, and because of it computations 
are  presented both including and excluding these four 
sets. Thus for  the first computation 1 4  sets of data 
were used, while for  the second only 10. These num- 
bers varied sorne~~hat ,  since not all ages are represented 
in all the sets of data. 

Table 1presents the mean deviations for  each age. 

TABLE 1 
DEVIBTIOKOB OBSERVEDFROM CALCULATED OBLOGARITHIIS

EarBnro WEIGHT 

All 	data (14 sets) . Data since 1900 (10 sets) 
Mean Mean 

deviation deviation 

The first series of computations indicate significant 
deviations only a t  12 and a t  14 days of age. I t  is, 
however, the second series that brings out the fact that 
the deviations observed originally in  the data from 
this laboratory were not chance fluctuations. There 
appears to be a sliarp acceleration in the observed 
growth a t  1 3  days of age. The discrepancies between 
the obser~ed and calculated logarithms of embryo 
weight rise to a maximum a t  1 4  days and then grad- 
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ually decrease until they lose their statistical signifi- 
cance a t  1 8  days of age. There remains but little doubt 
of the reality of these deviations, and the conclusion 
that a single straight line does not fit the whole period 
of embryonic growth seems unescapable. 

I t  is of interest to note that a similar picture pre- 
vails in embryos incubated under the high temperature 
of 105' F. as revealed by similar computations involv- 
ing the data of Henderson and Brody.l However, 
here the acceleration occurs a t  a n  earlier stage, which 
is, perhaps, in  keeping with the usual temperature 
effects on rates of processes. The fragmentary data 
of the same workers on embryos incubated a t  95' F. 
reveal a complete distortion of the logarithmic straight 
line. These observations lend support to the legitimacy 
of disregarding the data of the earlier workers. 

The significance of the finding here reported un-
doubtedly needs further elaboration and explanation in 
biochemical terms. Thus the curve of log dry weight 
plotted against log time, presented graphically by 
Glaser from J f ~ i r r a y ' s ~  data, shows a very pronounced 
flexure of the same type as  observed here. The dif- 
ferentiation of energy sources during the course of 
embryonic growth (Needham, p. 992) may also be 
recalled in  this connection, as  may also fluctuations in 
glutathione concentration (Gregory, Asmundson and 
GossD). 

The purpose of this note, however, is limited to draw- 
ing attention to the fact that while individual sets of 
data may produce a satisfactory fit to the logarithmic 
straight line, small deviations in the same direction and 
appearing a t  the same time in the majority of sets of 
reliable data can not be disregarded. Cognizance of 
this situation is commended to workers in the field of 
embryonic growth. 
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USINGthe technique developed by H a m b ~ r g e r , ~  the 
author has transplanted 60- to 70-hour White Leghorn 
limb buds into the coelome of Brown Leghorn hosts of 
the same age. The host einbryos were then allowed to 
develop until 15 or more days of age. Two different 
types of results have been obtained. I n  seven cases 
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in which the grafts became attached to the mesenteries, 
a normal White Leghorn leg developed upon the Brown 
Leghorn host. The feathers of the transplant were 
white, and the scales on the shank and foot were char- 
acteristically pigmented. The White Leghorn graft, 
therefore, differentiated according to its hereditaty 
potentialities. The environment, in these cases, seemed 
to have had no influence. 

These results are  a t  variance with those of Willier 
and his co-worbet5s, ~ v h o  have reported2 that White 
Leghorn limb buds developed colored plumage when 
grafted to colored breeds. Two grafts, however, have 
been obtained which seem to clarify this discrepancy. 
I n  one case the graf t  possessed Brown Leghorn feath- 
ers and the scales of the shank were pigmented, while 
the foot had yellow scales typical of the White Leg- 
horn. I n  this instance environmental inffuences have 
been able to suppress, almost completely, the heredi- 
tai-y potentialities of the graft.  I n  another the upper 
part  of the leg was covered with brown feathers, the 
lower portion with white, and the shank and foot were 
unpigmented. This case, therefore, was an intergrade. 
Both these latter grafts were exceedingly well attached 
to the inner body wall. 

These results indicate that White Leghorn plum- 
age develops on grafts which are attached to the 
mesenteries and that B r o m  Leghorn plumage oc-
curs on grafts that are  attached to the body mall. 
I t  is possible that the results may be explained on the 
basis of a diffusion gradient between host and graft. 
I f  the graf t  is well attached to the host and an enzyme 
or "coIor-inducing substance" reaches the transplant in 
sufficient amounts, the hereditary potentialities of the 
graf t  are suppressed completely and the transplant 
develops the plumage and pigmentation characteristic 
of the host. I f  the attachment is less secure and a 
smaller amount of color-inducing substance reaches the 
graft, an intergrade results. I n  cases where little or 
no enzyme diffuses into the graft, a typical White 
Leghorn leg develops on the brown host. A further 
analysis of this problem is in progress. 

I n  reciprocal transplants, Brown Leghorn limb buds 
transplanted to White Leghorn hosts, three different 
types of results were obtained. I n  s e ~ e r a l  cases typical 
Brown Leghorn feathers developed upon the trans-
planted limb, and the shank and foot possessed the 
typical pigmentation of the Brown Leghorn. These 
results confirm the findings of Willier, who obtained 
similar results with skin grafts. I n  three cases the 
environment has suppressed, or a t  least retarded, the 
development of the brown feathers since 15-day-old 
transplants possessed all white feathers or else only a 
few feathers were pigmented. 
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