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INTRODUCTION
The significance of cell sizes has been considered 

as fundamental to a proper understanding of biological 
processes since the advent of the Cell Theory in the 
first half of the nineteenth century. Because cell 
size and shape are indicative of the behavior of the 
tissues they compose, or more specifically the growth 
rate and degree of differentiation achieved, attempts 
have been made to develop accurate measuring techniques 
(Hoffman, 1951). Information of this type is of 
special interest to the cancer researchers in comparing 
normal and tumor cells.

Hermann Lebert, in the 1840's, was the first to 
make a consistent series of cell measurements with the 
aid of an eyepiece micrometer. However, the measure
ments made during the century following Lebert's 
treatise of 1851 were restricted to the nucleus and 
nucleolus, disregarding entirely the cell as a whole. 
This was due largely to the difficulties encountered 
in cell measurement. Unlike some of its component 
parts, the cell as a whole, generally, has a geometry 
much more complex than that of the most commonly 
observed spheroidal or ellipsoidal nuclei and nucleoli. 
Other problems encountered were those of clear
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delineation of cell boundaries, staining difficulties, 
sufficient transparency, and the inadequacy of the 
light microscope as a tool for measuring three dimen
sions. Although physicists have become actively 
involved in the search for better measuring techniques, 
and new methods have been introduced for measuring 
the third dimension, there yet remains to be devised 
a means for showing the quantitative dimensions of a 
cell which is accurate to one-half of a micron (Hoffman, 
1951) .

In conjunction with cell size, the rate of cell 
proliferation or division is highly indicative of the 
metabolic changes accompanying embryonic growth. Many 
workers have noticed and consequently investigated 
these relationships existing between cell sizes and 
cell division. According to Mazia's account, before 
the turn of the century mitosis was already defined 
and studied by workers like Flemming, Henneguy, Mark, 
and Strasburger; shortly thereafter, Hertwig proposed 
his Kernplasma-relation theory in 1908, in which he 
said a state of "tension" precipitates the cell into 
division when the nucleus-to-cytoplasm ratio falls 
below a certain value (Mazia, 1961). Since that time, 
Scherbaum and Zeuthen (1954) and Zeuthen and Hamburger



(1957) have been able to separate growth and division 
in time by means of their synchrony experiments with 
Tetrahymena, thus disproving the idea of "critical
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mass" supported by Hertwig. Rashevsky (1940), on the 
other hand, explained increases in cell size as a 
result of internal pressures expanding the cell, and 
maintained that diffusion forces serve as triggering 
mechanisms for cell division, while Thompson (1959) 
stated that changes in growth rate are due to corre
sponding changes in surface tensions which increase 
with time. Similarly, VonBertalanffy (1960) postulated 
that the forces affecting growth are the ratios 
between surface and volume. Mazia (1961) and Prescott 
(1955, 1959) agreed that while division is dependent 
upon factors running parallel to cell size in some 
instances, some activity other than growth acts as the 
immediate limit to the time of division. Finally, 
though distinctly different from each other, the 
growth models of Weiss and Kavanau (1957) , Osgood 
(1957), and Iversen (1964) all supported the idea that 
cell division will continue until an inhibiting factor 
or substance is produced by the cells themselves.

The physiological and morphological properties of 
the marginal tissue of the avian embryo have been
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under investigation for some time. As reported by 
Schlesinger (1958) , indirect evidence of the process 
of blastodermal growth dates as far back as the 1880's 
with the work of Ryder, Agassiz, and Whitmann; Harper, 
Blount, and Olsen continued along these same lines of 
investigation during the first half of this century. 
More recently, Schlesinger (1952, 1958, 1962) has 
described the marginal tissue of the chick yolk sac 
as consisting of three distinct regions: (1) a highly
vacuolated syncytium at the most distal edge, (2) a 
middle "ridge" region approximately three cells thick 
and seven cells deep, (3) a region of cells undergoing 
alteration to the squamous condition. Furthermore, 
cauterization experiments have led to the hypothesis 
that blastodermal growth over the yolk is due to the 
advance of the free nuclei of the syncytium, accom
panied by subsequent cytoplasmic compartmentalization 
(Schlesinger, 1952, 1958).

Conflicting evidence regarding the morphology of 
the marginal tissue and the mechanisms of blastodermal 
growth was presented by the work of New (1959) and 
Bellairs (1963). New noted that: (1) the blastoderm
could expand only if attached at its edge to the 
vitelline membrane, (2) blastodermal expansion was



dependent upon adhesive strength and the condition of 
tension intrinsic to the vitelline membrane, (3) cell 
division continued in the absence of movement of the
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blastodermal edge. From this he concluded that the 
edge cells function in guiding the expanding blastoderm 
along the vitelline membrane, and that the advance of 
the blastoderm and cell proliferation are largely 
independent of each other.

Bellairs (1963) further investigated this tissue 
by means of electron microscopy. She described the 
syncytial region of Schlesinger (1952, 1958, 1962) as 
containing cellular endoderm, but there is some 
question as to whether she might not have described 
Schlesinger's "ridge" cells instead. Furthermore, 
Bellairs' investigations supported New's findings 
(1959) on the amoeboid activity of the highly spec
ialized marginal cells.

Because of the controversy over the means of 
blastodermal expansion, the present study was pursued. 
Since cell sizes and the rate of cell production or 
division significantly reflect cellular activity, 
these changes have been calculated here for the three 
distinct regions of the marginal tissue during the 
first three days of embryonic development. Until this
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time, only visual observations of changes in size and 
number have been noted, but no attempt has previously 
been made to quantitate this data. The cell measure
ment techniques employed in this study were not ideal. 
However, since the objectives of this investigation 
were more of a comparative nature and the techniques 
and formulae followed were used consistently, they fit 
the purposes of this work very well, and in no way 
effect the validity of the results. The resultant 
growth curves of individual cell sizes and cell popula
tions obtained from this quantitative analysis have, 
in fact, furthered the understanding of the mechanisms 
behind blastodermal proliferation and expansion.



II- MATERIALS AND METHODS
Whole mounts and cross sectional slides of the 

marginal tissue of chick embryos were examined at 24, 
48, and 72 hours of development. All the slides used 
in this study were prepared according to the method 
of Sketch and Schlesinger (1961) with slight modifi
cations. Whole mounts were prepared by removing the 
marginal tissue from the surface of the yolk with a 
hot glass ring, placing the vitelline membrane next 
to the slide with the cell-side up, and finally fixing 
apa staining the tissue. The cross sectional slides 
were prepared by placing the hot ring over the growing 
edge. The tissue was then oriented for serial sec
tioning by placing a piece of marked filter paper over 
the edge (Figure 1). After marking, the material was 
fixed, embedded, sectioned, and stained.

All whole mounts and sections were prepared by 
Mrs. Dee Martin and were made available for this study 
by Dr. Allen B. Schlesinger. Due to the nature of 
the material (the essentially single-layered nature 
of the yolk sac, the very high fat content of the 
underlying yolk, the necessity for maintaining the 
adherence of the vitelline membrane) successful 
preparation is extremely unlikely. For the three



Figure 1. A. Diagrammatic side 
view of embryo, showing hot ring 
placed over growing edge. B. En
larged view of growing edge re
moved by hot ring. Filter paper 
over tissue is marked with India 
ink on embryo side. Hole in cen
ter of filter paper provides unob
structed view of marginal tissue.
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embryonic stages investigated, a total of 2,040 cross 
sections were prepared from 24 different embryos, and 
a total of 107 embryos were prepared as whole mounts.
An initial screening and judgment on the part of Mrs. 
Martin and Dr. Schlesinger indicated that only about 
5% of the total sections prepared actually fulfilled 
the ideal requirements for this study: (1) adherence
of all cells to the vitelline membrane, (2) maintenance 
of normal cell-yolk relationships, (3) an absence of 
artifacts which would modify measurements. The final 
screening judgment and selection of the cross sections 
to be used were made by Dr. Schlesinger. One repre
sentative section was selected for each of the three 
time periods. Assisted by Dr. Schlesinger, the author 
found only 38% of all the whole mounts prepared to be 
totally suited for this study on the basis of normality 
of tissue and absence of artifacts. Only 7 whole 
mounts were studied at 24 hours, 5 at 48 hours, and 3 
at 72 hours. It is impossible to prepare relatively 
large numbers of individuals in order to provide sta
tistically definable populations. Instead, total 
reliance had to be placed on the judgment of normality 
acquired by Dr. Schlesinger from handling tremendous 
numbers of embryos during the effort to obtain the
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relatively few successful preparations.
The three distinct marginal regions studied 

were: (1) the lead region with highly irregular
protoplasmic extensions, designated here as Region A; 
(2) adjacent to Region A, the thickened cellular 
"ridge" region, designated as Region B; (3) the region 
undergoing transformation to the mature squamous 
condition, designated as Region C. Examples of these 
three regions can be seen in photographs of whole 
mounts (Plates 1, 3, 5) and cross sectional prepara
tions (Plates 2, 4, 6). The three basic measurements 
made on these regions were: (1) entire regional
volumes, (2) individual cell volumes, (3) total 
numbers of cells per region.

By means of an ocular micrometer, the width 
(:L.e. , the dimension encountered in passing from one 
region to the next along the surface of the yolk 
[Figure 2]) of each of the three distinct marginal 
regions was measured from whole mounts stained with 
hematoxylin and eosin, Schiff's reagent, and pyronin. 
The high power objective was used in making these 
measurements, except in the case of the C regions 
where low power proved to be more useful. The length 
or circumference (Figure 2) of each region was



Plate 1. Portion of whole mount at 24 hours, 
showing Regions A, B, and C. Magnification is 
60 diameters.





Plate 2. Cross section of marginal tissue at 
24 hours, showing Regions A, B, and C. Magni
fication is 60 diameters.





Plate 3. Portion of whole mount at 48 hours, 
showing Regions A, B, and C. Magnification is 
60 diameters.





Plate 4. Cross section of marginal tissue at 
48 hours, showing Regions A, B, and C. Magni
fication is 60 diameters.
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Plate 5. Portion of whole mount at 72 hours, 
showing Regions A, B, and C. Magnification is 
60 diameters.
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Plate 6. Cross section of marginal tissue at 
72 hours, showing Regions A, B, and C. Magni
fication is 30 diameters.
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Figure 2. A. Diagrammatic side view 
of embryo showing band of marginal 
tissue under observation. B. Alter
nate diagrammatic views of enlarged 
segments of marginal band. Linear 
dimensions defined as follows: L = 
length, W = width, D = depth.
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calculated by using: (1) the previously determined 
diameter of a standardized yolk (Romanoff, 1943);
(2) the values for the blastodermal areas up to 72 
hours (Schlesinger, 1958); (3) the formula for the 
area of the curved surface of a spherical segment,
2iTrh, where h equals the height of the segment; (4) 
the advance of the blastoderm up to 72 hours in degrees 
(Schlesinger, 1958) (Appendix A). Because the distances 
are so small, the depth (i.e., the dimension from the 
outer surface in toward the yolk [Figure 2]) was 
measured from photographs of cross sectional slides 
stained with hematoxylin and eosin. The final mag
nifications of these photographs ranged from 322 to 
645 diameters. Depth was determined by two means:
(1) measuring the dimension with a millimeter rule;
(2) finding the cross sectional area of the region by 
means of a polar planimeter, and then calculating 
the depth from the formula A = wd, where A is the 
cross sectional area, w is the previously determined 
width of the region, and d is the depth. The results 
from both methods were found to be comparable, so the 
second and more intricate method employing the plani
meter was abandoned at the 48 and 72 hour stage. The 
total volumes of the three regions were then calculated
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as the product of the average linear values.
Again under high power, the individual cell sizes 

within regions B and C were determined by measuring the 
lengths and widths of fifty randomly chosen cells from 
whole mounts stained with hematoxylin and eosin. By 
means of a millimeter rule, the depth was measured 
from the magnified pictures (322 to 645 x) of the cross 
sectional areas. As described above, this tissue does 
not lend itself readily to cross sectional preparation. 
Consequently, at most, five cells were measured for 
each case. Since Region A appears syncytial with light 
microscopy, cellular measurements were omitted from 
Region A. Since the cells in regions B and C most 
closely approximate ellipsoids, cell volumes were 
determined by using the formula V = tt/3 abc, where 
a, b, c are the semi-axes, in this case half values 
of the lengths, widths, and depths.

Finally, the actual number of cells within each 
region was determined under high power by counting 
the number of cells per unit length and width visible 
on whole mounts stained with hematoxylin and eosin.
The number of cells present in the depth of each region 
was determined from the magnified photographs (322 to 
645 x) of the cross sectional areas. Since Region A



embryo

Figure 3. Diagrammatic representation 
of 72 hour embryo showing the inden
tation of the marginal tissue.
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appears to be syncytial with light microscopy, the 
number of nuclei rather than the number of cells was 
counted. From these figures, the total number of 
cells, or nuclei, present in the volume of each region 
was calculated.

It has been observed that at 72 hours of develop
ment indentation of the marginal tissue occurs 
(Schlesinger, 1960). Because of the new location 
and orientation of this tissue with respect to the 
embryo (Figure 3), as well as the lack of adequate 
measuring techniques, measurements of these newly 
formed regions were omitted from this investigation. 
For comparative, quantitative results the marginal 
tissue at 72 hours was assumed to consist of a band
like structure similar to those found at 24 and 48 
hours of development (Figure 4).



embryo

marginal
tissue

embryo
marginal 

tissue

marginal 
tissue

embryo

Figure 4. Diagrammatic repre
sentation of position of mar
ginal tissue at 24, 48, and 72 
hours.



III. RESULTS
Before examining the results presented in this 

paper, it must be noted that the values derived for 
regional lengths are based upon two assumptions.
First, although the avian yolk is not a perfect sphere, 
it rather closely approximates one. In the past, 
various workers have derived equations for yolk 
measurements (Romanoff and Romanoff, 1949) , all 
admitting to some degree of error. Consequently, 
for the purposes of this study, the yolk was assumed 
to be a perfect sphere (as in Schlesinger, 1958). 
Secondly, the diameter of the yolk was derived from 
the standardized egg of Romanoff (1943). While it 
is known that the yolk continues to absorb water 
from the albumen during early development (Romanoff, 
1949), the resultant size changes have not been suc
cessfully measured or recorded. As a result, the 
measurements of Romanoff's standardized yolk (1943) 
were used as a basis for this study.

Due to these factors, there exists some degree 
of volumetric error not accounted for in the numerical 
values listed. Consequently, certain values which 
are numerically close to each other and appear to be 
significantly different, may, in reality, exhibit no
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significant difference whatsoever.
A. Regional Volume

The average volumes with approximate standard 
deviations for Regions A, B, and C of the marginal 
tissue are given in Table 1. These volumes were 
mathematically derived from the average lengths, 
widths, and depths of the different regions rather 
than measured directly. Therefore, the standard 
deviations can be calculated only approximately from 
the formula G-L/6, where G is the greatest possible 
regional volume and L is the least possible volume.
The greatest and least volume values obtained are not 
from actual regional measurements, but are derived 
from the greatest and least linear values of the 
regions. Therefore, the limits are undoubtedly ex
tended beyond the real values, because the greatest 
and least linear measurements do not necessarily 
correspond to each other.

From these values (Table 1) and the graphs in 
Figure 5, it can be seen that the volume of Region B 
increases progressively from 24 to 72 hours. The rate 
of increase from 24 to 48 hours is approximately double 
that from 48 to 72 hours. The volumes of Regions A 
and C, on the other hand, show a rapid increase to
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48 hours followed immediately by a sharp decline.
The average lengths, widths, and depths for 

Regions A, B, and C (Table 2, Figure 6) indicate that 
the increased volume in Region B at 48 hours is due 
primarily to an increase in regional length, while an 
increase in the depth of the region accounts for the 
change at 72 hours. On the other hand, the changes in 
regional volumes A and C correspond most closely only 
to the changes in length of these regions.
B. Individual Cell Volume

The numerical values for cell volumes (Table 3) 
and the accompanying graphs (Figure 7) indicate clearly 
that cells in Region B maintain a relatively constant 
size until 72 hours, at which time they increase 
approximately two-fold in volume. Cells in Region C, 
on the other hand, maintain a uniform size during all 
embryonic periods investigated. From the three sepa
rate linear measurements of the individual cells 
(Table 4, Figure 8) it is evident that the increased 
volume in B cells at 72 hours is due to a corresponding 
increase in cell depth at this time.

Again, since the greatest and least linear values 
obtained do not necessarily correspond to the same 
cells, the standard deviations derived for the cell
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volumes can only be approximations (as in regional 
volumes above).
C. Cell Numbers

As seen in Table 5 and Figure 9, all three cell 
populations increase most rapidly from 24 to 48 hours. 
However, since Region A appears syncytial with light 
microscopy, the nuclear rather than the cell population 
was studied. This nuclear population in Region A 
increases about nine-fold from 24 to 48 hours, but 
levels off as it approaches 72 hours. The population 
of cells in the B region continues increasing up to 
72 hours, and the resultant curve is in close agreement 
with the typical S-shaped growth curve. The C cell 
population peaks at 48 hours of development, but drops 
sharply at 72 hours.

From the values and graphs in Table 6 and Figure 
10, it can be seen that the changes in the cell popu
lations in Region B are due primarily to the correspond
ing changes in the depth of the tissue. The changes 
in the nuclear population of A and the cell population 
of C, on the other hand, are most closely associated 
with the corresponding changes in the number of nuclei 
or cells present in the length (circumference) of the
tissue.



The standard deviations given for the entire cell 
populations are only approximations, due to the same 
circumstances and derived in the same manner as those 
for the regional and individual cell volumes.

33
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Table 1. Volumes with approximate standard 
deviations for Regions A, B, C.

Region Hours Volume Cmm.^)

A 24 0.016 ± 0.005
48 0.196 ± 0.038
72 0.081 ± 0.036

B 24 0.013 ± 0.003
48 0.076 ± 0.012
72 0.248 ± 0.061

0.066 ± 0.007 
0.207 ± 0.042 
0.186 ± 0.023

C 24
48
72





Table 2. Average linear measurements with standard deviations for Regions A,
B, and C.

Region and 24 Hours 48 Hours 72 Hours
Dimension (mm.)

Region A
length*
width

31.3
0.045 ± 0.012

100.5
0.153 ± 0.053

62.5
0.161 + 0.039

depth 0.011 ± 0.002 0.013 ± 0.001 0.026 ± 0.000

Region B
length*
width

31.3
0.074 ± 0.017

100.5
0.134 ± 0.008

62.5
0.114 ± 0.020

depth 0.006 ± 0.001 0.006 ± 0.002 0.035 ± 0.014

Region C
length*
width

31.3
0.369 ± 0.042

100.5 
0.587 * 0.077

62.5
0.619 ± 0.066

depth 0.006 ± 0.001 0.004 ± 0.001 0.005 ± 0.0003

*Since the average lengths were calculated on the basis of an average yolk 
diameter previously determined by Romanoff (1943), standard deviations 
could not be determined for this dimension.
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Table 3. Average volumes of individual
cells with approximate standard 
deviations for Regions B and C.

Region Hours Volume (y3)

B cells 24 130 ± 70
48 110 ± 60
72 270 ± 150

C cells 24 170 ± 60
48 170 ± 90
72 140 ± 50



~48 72
Hours

Figure 7. Individual cell volumes
within Regions B and C at 
24, 48, and 72 hours of 
development.



Table 4. Average linear measurements with standard deviations of individual
cells in Regions B and C.

Region and 24 Hours 48 Hours 72 Hours
Dimension (mm.)

B cells
length
width
depth

0.016
0.012
0.006

±
±
±
0.004
0.008
0.004

0.016
0.011
0.005

±
±
±
0.003
0.006
0.002

0.015
0.010
0.014

±
±

±

0.006
0.001
0.004

C cells
length 0.019 ± 0.008 0.020 ± 0.005 0.020 ± 0.003
width 0.014 ± 0.005 0.015 ± 0.006 0.012 ± 0.006
depth 0.005 ± 0.001 0.005 ± 0.001 0.005 ± 0.001
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Figure 8 Linear measurements of individual cells in Regions B
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Table 5. Total numbers of cells with standard
deviations in Regions ,A, B, C.

Region Hours Cell Numbers

*A 24 3,100 ± 1,500
48 27,700 ± 9,500
72 22,600 ± 8,400

B 24 16,100 ± 2,100
48 69,700 ± 13,600
72 84,900 ± 25,500

C 24 86,700 + 24,300
48 313,700 ± 85,300

1--------
72 169,100 ± 15,900

' — — — — —Numbers given are for nuclei rather than 
cells.



■ '
24 48 72

Hours

Figure 9. Cell numbers within entire 
volumes of Regions B and C 
at 24, 48, and 72 hours of 
development. Nuclear num
bers for Region A.



Table 6. Cell numbers and standard deviations in the lengths, widths, and 
depths, of Regions A, B, and C.

Region and 24 Hours 48 Hours 72 Hours
Cell Number

Region A
length 970 ± 111 3910 ± 424 2430 ± 263
width 2.6 ± 0.8 5.7 ± 1.8 6.2 ± 1.0
depth 1.2 ± 0.4 1.3 ± 0.5 1.5 ± 1.0

Region B
length 2340 ± 200 7150 ± 215 4210 ± 578
width 6.9 ± 1.2 6.5 ± 1.3 6.3 ± 1.3
depth 1.0 ± 0.0 1.5 ± 0.6 3.2 ± 1.3

Region C
length 2090 ± 98 6150 ± 272 3440 ± 389
width 33 ± 6.9 42 ± 8.2 49 ± 8.2
depth 1.3 ± 0.5 1.2 ± 0.4 1.0 ± 0.0

Values given are number of nuclei rather than number of cells.





IV. DISCUSSION
The study of growth and the mechanisms controlling 

it have been of considerable interest for some time 
and are becoming increasingly more important. Although 
(according to Hoffman, 1953 and Mazia, 1961) early 
work done by Hertwig in 1908 seemed to indicate that 
an increase in cell size directly triggered cell 
division, more recent investigations support the idea 
that cell proliferation is, indeed, not influenced 
by size alone (Adolph, 1929; Lewis, 1948; Scherbaum 
and Zeuthen, 1954; Prescott, 1955, 1959; Zeuthen and 
Hamburger, 1957; Mazia, 1961; McCashland and Johnson, 
1963). More specifically, other workers propose the 
production of an inhibitory substance by cells in a 
differentiated state, which results in the prevention 
of division (Osgood, 1957; Weiss and Kavanau, 1957; 
Bullough and Laurence, 1960; Iversen, 1964). It is 
pointed out, also, that growth and division in the 
life of an individual cell can differ markedly from 
the growth of an entire population of cells (Prescott, 
1955). Equally important is the fact that the growth 
rate of new material formed is proportional to the 
amount of cell material already present (Hoffman, 1953; 
Thompson, 1959). Bearing this in mind, how can we
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account for the growth and advance of the chick yolk 
sac?

It is already known that the marginal tissue of 
the yolk sac is the region responsible for its growth, 
rather than extensive cell division occurring more 
closely to, or actually within the embryo itself 
(Schlesinger, 1958; New, 1959; Bellairs, 1963). 
Conflicting theories have been proposed, however, 
with regard to the mechanisms responsible for this 
advance. In his earlier investigations, Schlesinger 
(1952, 1958) concludes that the growth of the yolk 
sac is due to the advance of free nuclei within the 
syncytial periblast at the extreme edge, followed by 
subsequent compartmentalization. Schlesinger's work 
with H -thymidine uptake (1962), however, appears to 
support the hypothesis of New (1959) and Bellairs 
(1963): that the extreme edge functions merely as a
guide in pulling the tissue, while cell proliferation 
occurs in the adjacent region. Romanoff (1960), on 
the other hand, explains yolk sac expansion in terms 
of proliferation and migration from the area opaca.
An attempt is made in this study to further elucidate 
the mechanisms behind yolk sac growth and advance by 
measuring the changes occurring with time in individual
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cell sizes and rates of proliferation, as well as the 
consequent changes in the entire cell populations of 
the three distinct marginal regions.
A. Changes occurring in Region B with time.

The continuous increase in volume of Region B 
(an entire cell population) from 24 to 72 hours is 
due to a marked increase in length and width of the 
region at 48 hours. Although the length again decreases 
at 72 hours and the width remains constant, the great 
increase in depth at 72 hours not only compensates for 
this change, but, in fact, overrides it (Tables 1, 2; 
Figures 5,6). A further explanation for this regional 
size increase is provided by the data on cell numbers 
and individual cell sizes. In conjunction with the 
regional volume, the cell numbers of Region B continue 
to increase up to 72 hours (Figure 11), showing a more 
significant change, however, from 24 to 48 hours.
This change in cell numbers with time stems from a 
greater abundance of cells in the length or circum
ference at 48 hours (Table 6, Figure 10). Because the 
tissue draws closer to the vegetal pole at 72 hours 
(Figure 4), the number of cells in the circumference 
must necessarily be reduced. The cells present at 
48 hours in the length of the tissue now appear to
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Hours

Figure 11. Composite graph showing regional 
volumes, cell volumes, and cell 
numbers for Region B at 24, 48, 
and 72 hours of development.
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pile up in the depth at 72 hours (Table 6, Figure 10). 
However, since the total cell number continues to 
increase up to 72 hours (Figure 11), the increased cell 
number in the depth of the tissue must be due to a 
continued cell proliferation, as well as a piling up of 
already existing cells. Since this increase in cell 
number is so pronounced, in spite of the fact that some 
cells were necessarily omitted from the study at 72 
hours due to marginal indentation (Schlesinger, 1960), 
in reality, cell production from 48 to 72 hours prob
ably occurs at a rate even higher than the one observed. 
Since New (1959) and Schlesinger (unpublished) have 
found mitotic figures within this region, it is 
believed that these cells have not migrated here from 
another source, but are actually produced right within 
Region B. Schlesinger1s work with H3-thymidine uptake 
(1962) further supports this idea. An examination of 
changes in individual cell sizes within Region B 
(Figure 11) shows that a constant size is maintained 
up to 48 hours, after which time an approximate 
doubling occurs at 72 hours. Once again, an increase 
in volume is due to a corresponding increase in the 
depth of the cells (Table 4, Figure 8). Nowhere does 
the data account for the increase in regional width
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from 24 to 48 hours. Both cell numbers and sizes 
remain constant in this dimension. How then can we 
explain this apparent contradiction? Which of the 
three measurements (regional width, cell width, or 
cell number in width) lends itself most readily to 
experimental error? Since the regional width is the 
largest of the three dimensions, and by far the easiest 
to measure, it is most likely to have the least error. 
Individual cell widths on the other hand, are on a 
much smaller scale, and even a small error in measuring 
cquld produce significant results. Although cell 
depths are equally small, they were measured from 
enlarged photographs, (322 to 645 x), thereby decreasing 
the chance of error in measurement. Similar photo
graphs of cell widths would have to be taken to test 
this point. Still another reason, and one which could 
not so readily be tested, is an error in the number 
of cells counted in the width of the tissue. From the 
data, it can be seen that this tissue does not remain 
a single-celled layer (Table 6, Figure 10). Therefore, 
in an attempt to count only a single layer of cells, 
a far too conservative value may have resulted.

Why, on the other hand, do these cell sizes and 
numbers increase repeatedly in the depth of the tissue?
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Why can't they continue to increase in length and width 
as well? It is already known that yolk digestion occurs 
before 24 hours (Romanoff, 1960; Needham, 1963). 
Consequently, it would seem feasible to suppose that 
the yolk sac could, and in fact does, most readily 
expand in the dimension toward the yolk itself (here 
designated as depth). Also, because of the importance 
of the peripheral white yolk to blastodermal pro
liferation (Schlesinger, 1958), and the necessity of 
adhesion of the marginal tissue to the vitelline 
membrane for expansion (New, 1959) , the circumference 
or length of the tissue must closely approximate the 
circumference of the underlying yolk. Therefore, a 
continued increase in length of the tissue is highly 
unlikely. Finally, because of already existing 
material in adjacent Regions A and C, an expansion of 
Region B in width would be rather limited. In addition 
to this expansion in depth, the marginal indentations 
at 72 hours also serve as a site (though not considered 
here directly) in the migration of the already existing 
material.

Raving accounted for the direction of expansion, 
how can we account for the phenomenon of cell expansion 
itself? Schlesinger (unpublished) found the average
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dry weights of the entire Region B to be 0.5 mg. at 
24 hours, 0.9 mg. at 48 hours, and 1.2 mg. at 72 hours. 
The corresponding wet weights obtained were 2.0 mg. at 
24 hours, 4.8 mg. at 48 hours, and 12.0 mg. at 72 
hours. From the total cell numbers within Region B 
obtained in this study and the regional weight values 
obtained by Schlesinger (unpublished), the wet weights 
and dry weights per cell were calculated for the three 
time periods (Table 7). From the graphs in Figure 12 
it can be seen that cells decrease in wet weight and 
dry weight while remaining constant in volume from 24 
to 48 hours. Perhaps this weight loss could be 
accounted for, at least in part, by the rapid rate of 
cell proliferation at this time. Since it is known 
that the preparations for division differ from over-all 
cell growth, a series of rapid divisions may occur if 
their preparations have taken place in advance. That 
is, preparations for division may proceed relatively 
independently from each other and cell growth (Mazia, 
1961). In fact, Scherbaum and Zeuthen (1954) and 
Zeuthen and Hamburger (1957) have separated growth and 
division in time by means of their synchrony experi
ments with Tetrahymena. Therefore, although the cells 
maintain a constant size throughout this process, the
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Table 7. Derived wet weights and dry weights for 
individual cells in Region B, expressed 
in yg/cell.

Incubation Time 
in Hours

Weights
Dry

in yg/cell 
Wet

24 .03 .12
48 .01 .06
72 . 01 .13

. wet wt.
dry wt.

-  cell volume

Figure 12. Individual cell weights and volumes
for Region B at 24, 48, and 72 hours.
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amount of material within the protoplasm is reduced. 
After 48 hours, however, approximately a two-fold 
increase is seen in both the wet weight values and the 
individual cell volumes. Since dry weight values 
remain constant, is it possible that this increase in 
cell volume is due to an absorption of water alone? 
According to Thompson's account, as early as 1892 Loeb 
found growth rate to be dependent on the amount of 
water taken up (Thompson, 1959). Later (as reported 
in Needham, 1942) , Penquite shows in 1934 and again 
in 1938 that the maximum hydration of the yolk sac 
occurs during the period of its maximum growth rate. 
Selye et ad. (1959) report that fixation of water can 
act as a potent stimulus for connective tissue growth. 
In addition, they mention that earlier observations 
also show an increase in water content during rapid 
growth in various epithelial organs. Finally,
Rashevsky (1960) points out the importance of water 
in the instability of cells. He mentions that water 
may have to flow into the cell to stabilize it, thereby 
resulting in an increase in mass. It would seem then, 
that water absorption is largely responsible for the 
increased cell size from 48 to 72 hours. From the 
above data, one can see that the period of rapid cell



proliferation from 24 to 48 hours is followed by a 
period of increase in cell size from 48 to 72 hours. 
B. Changes occurring in Region A with time.
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In examining the lead Region A, which appears 
syncytial with light microscopy, a sudden drop in 
volume is noted after 48 hours (Table 1, Figure 5). 
Although the width and depth of this region continue 
to increase after 48 hours, the decrease in length 
or circumference is sufficiently great to effect a 
decrease in the entire volume at 72 hours (Tables 1, 2; 
Figures 5, 6). What happens to the already existing 
material after 48 hours? Since little, if any,
Region A material has been observed in the marginal 
indentations, these indentations could not serve as 
a site for migration of the material present at 48 
hours. Is it in fact, then, compartmentalized into 
B cells as originally proposed by Schlesinger (1952, 
1958)? If this were true, however, a corresponding 
decrease in nuclear number in Region A would be 
expected; yet this study shows an increase in nuclear 
number in Region A from 24 to 48 hours, after which the 
number remains constant (Table 5, Figure 9). On the 
other hand, could Region A be largely aqueous in nature 
at 48 hours, thereby acting as the source of water
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needed by B cells to increase in volume at 72 hours? 
Although the exclusive removal of Region A from the 
rest of the marginal tissue would be extremely dif
ficult, due to the problems encountered in locating this 
tissue in an unstained condition, a determination of 
its wet and dry weights would provide considerable 
information on this point. Finally, as the marginal 
tissue approaches the vegetal pole, it would seem that 
the need for a guiding and pulling region would become 
less and less. Could this decrease in volume of 
Region A at 72 hours, then, be due to metabolic 
processes or simple disintegration of this tissue?
An examination of Region A at 96 hours would provide 
valuable information concerning these changes and the 
roles played by metabolism and simple water loss.
C. Changes occurring in Region C with time.

The marked increase in volume of Region C at 48 
hours (Table 1, Figure 5) is due to the combined 
increase in length and width of the region at this time 
(Table 2, Figure 6). Since the regional length de
creases considerably at 72 hours and the regional width^

■'■Cell sizes and cell numbers do not appear to account 
for this change in regional width; a conservative 
count of cell numbers is a possible explanation, as 
described for B cells under Part A of this Discussion.
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and depth remain constant, one would expect the entire 
regional volume to show a significant decrease at 72 
hours. The standard deviations given for these values 
do not appear to support this view. This is due to:
(1) the way in which the standard deviations were 
derived (as explained above in Materials and Methods), 
and (2) the assumptions made concerning the yolk 
diameter (as indicated in Results). However, a look 
at the changes in cell numbers (Table 5, Figure 9) 
within Region C during these three time intervals 
seems to support the idea that Region C decreases 
significantly in volume at 72 hours. Since the cells 
in Region C maintain a constant volume from 24 to 72 
hours (Table 3, Figure 7), changes in cell numbers 
at these times must account for the changes in regional 
volume. The number of cells in the width and depth 
remains constant, but the number of cells in the length 
of the region increases and decreases in accord with 
the changes in the circumference of the tissue (Table 6, 
Figure 10). The numbers of cells present at 48 hours 
far exceeds the number at either 24 or 72 hours 
(Table 5, Figure 9). The cells always maintain a 
constant size, relatively few mitotic figures have 
been observed in this region (Schlesinger, unpublished),
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and H^-thymidine uptake isn't even mentioned 
(Schlesinger, 1962). Therefore, it is unlikely that 
the great increase in cell number at 48 hours is due 
to proliferation within this region alone. Instead, 
it is believed that the cells have come from Region B 
and are undergoing a transition to the mature epi
thelial cell characteristic of the yolk sac in general 
(Schlesinger, 1952). Since the cell number in Region C 
increases at about the same rate as the cell number 
in Region B during the same period from 24 to 48 hours, 
it can be postulated that: (1) the cells from Region B
are transformed to C cells at a rate close to that at 
which they are initially formed, (2) the rate of 
transformation from C cells to mature epithelial cells 
is about equal to the transformation rate from B cells 
to C cells. At 72 hours, however, the number of cells 
in Region C drops significantly (Table 5, Figure 9). 
Where do these already existing cells go? It is 
possible that this decrease in the number of C cells 
at 72 hours can be explained in terms of: (1) a de
creased rate of production of B cells, (2) a decreased 
rate of transformation from B cells to C cells, (3) an 
increased rate of transformation from C cells to the 
fully differentiated and mature epithelial cells.



V. SUMMARY AND CONCLUSIONS
In measuring the regional volumes, cell volumes, 

and cell numbers of the marginal tissue of the chick 
yolk sac, the author noted the following changes that 
occur with time.

1. The volume of Region B continues to increase 
from 24 to 72 hours due to: (a) marked cell prolif
eration from 24 to 48 hours, (b) marked cell growth 
or increase in cell size from 48 to 72 hours.

2. Evidence is presented supporting the view 
that cells increase in size due to an increased uptake 
of water.

3. The volume of Region A increases up to 48 
hours. It is suggested that the decrease in volume 
at 72 hours is due to metabolism and/or a simple loss 
of water.

4. The volume of Region C increases up to 48
hours and drops at 72 hours. Explanations for this 
pattern stem from: (a) changes in the production
rate of B cells, (b) changes in transformation rates 
from B cells to C cells to fully mature epithelial 

cells.
5. Volume increases at 48 hours are due primarily 

to increases in regional length (circumference). A
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reduced circumference at 72 hours causes the tissue to 
increase in depth.

6. As supported by the literature, Region A 
appears to function only in guiding the advancing tissue. 
Region B appears to be largely responsible for the 
increased cell proliferation. Region C appears to be 
a transitional zone in which cells approach the fully 
differentiated condition.
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APPENDIX A
Mathematical Formulae

(1). To determine the area of the curved surface of a 
spherical segment, use,

A = 2urh
where A = area of segment, h = height of segment, 
r = radius of sphere.

(2). To determine the height of the segment from the 
advance of the tissue expressed in degrees, use,

h - r(1-cos*)
where h = height of segment, r = radius of 
sphere, * = advance of tissue in degrees.

(3). To determine depth from the cross sectional area, 
use,

A = wd
where A = cross sectional area, w = previously 
determined width, d = depth.

(4). To determine the volume of an ellipsoid, use, 
V = tt/3 abc

where V = volume, and a, b, c are semi-axes.
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(5). To determine approximate standard deviations, use, 
s — G—L/6

where s = standard deviation, G = greatest value,
L = least value.

(6). To determine weight/cell, use,
Wc = Wr/Cr

where Wc = weight of cell, Wr = weight of region, 
Cr = cell number within region.



APPENDIX B
Frequency Distributions
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Region A

Time Length (mm.) Width (mm.) Depth
X f X

24 hours 31.35 . 0259 1 .0065
. 0262 1 . 0130
. 0362 1 . 0150
. 0365 1
. 0400 1
.0416 1
.0454 1
.0583 1
. 0626 1
. 0707 1

10

48 hours 100.53 .1010 1 . 0110
.1245 1 .0125
.1642 1 . 0150
.2238 1

4

72 hours 62.46 .1258 1 . 0220
.1274 1 . 0265
.1301 1 .0300
.1539 1
.1628 1
.2068 1
.2198 1

7

M-l liH
 |H rH

 (ro 
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 I—
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Region B

Time Length (mm.) Width (mm.) Depth (mm.)
X f X f

24 hours 31.35 .0510 1 . 0045 1
. 0545 1 .0050 1
. 0589 1 . 0055 2
. 0705 1 . 0075 1
. 0732 1 5
.0748 1
. 0753 1
. 0918 1
. 0950 1
.0983 1

10

X f X f
48 hours 100.53 .1226 1 .003 1

.1326 1 .004 1

.1355 1 .007 2

.1469 1 4
4

X f X f
72 hours 62.46 .0902 1 . 0210 1

.1013 1 . 0250 1

.1145 1 . 0270 1

.1242 1 . 0460 1

.1404 1 . 0550 1
5 5





74

Time
24 hours

48 hours

72 hours

Region C

Length (mm.) 
31.35

Width (mm.) Depth (mm.)
X f X
3252 1 . 0050
3386 1 . 0055
3397 1 . 0060
3574 1 . 0065
3719 1
4063 1
4418 1

7

4917 1
5395 1 .0025
5794 1 .0030
6494 1 .0055
6771 1

5

62.46 .5606 1 .0035 1
.6072 1 .0045 1
.6904 1 .0050 2

3 .0060 1
5

U-1 |i—
i i—

i r—
l i—

11*̂
 

H
 

ro H
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Time 
24 hours

48 hours

72 hours

Length (mm .)
X f

.007 1

. 009 2

. Oil 1

. 012 7

. 014 8

.015 3

. 016 6

.018 9

.019 4

.020 6

.022 1

.023 1

. 024 1

.009 1

. Oil 2

. 012 4

. 014 14

.015 7

. 016 4

.018 6

.019 4

.020 6

. 026 1

.027 1

.009 3

. Oil 4

.012 6

. 014 10

. 015 5

. 016 12

.018 4

. 019 3

.020 2

. 026 1

Width (mm.)
X f

. 003 1

.004 2

.005 2

. 007 2

.008 5

.009 7

.011 10

.012 6

. 014 2

.015 2

.016 3

. 018 2

.019 2

.020 3

. 024 1

. 007 1

. 008 5

.009 13

.011 9

. 012 11

. 014 4

.015 2

.016 3

. 018 1

. 019 1

.005 2

.007 3

.008 12

. 009 10

. Oil 13

. 012 4

.014 4

. 015 2

Depth (mm.) 
x

.0050 

. 0055 

. 0060

.0030 1 

.0050 1 

.0055 1 

.0060 1

.0100 1

.0110 1

.0150 1

.0190 1

IH
|H

 (N H
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Time Length (mm.) Width (mm.) Depth
X f X f X

24 hours .011 1 . 008 3 .0045
. 012 1 .009 2 . 0050
.014 3 .010 4
.015 6 .012 5
.016 7 . 014 6
.018 7 .015 7
.019 4 .016 16
.020 11 . 017 2
. 022 5 .018 1
.023 1 .019 1
. 024 1 . 020 3
. 027 1
.030 1
. 031 1

48 hours .012 1 .007 2 .0035 1
. 014 4 .008 3 .0050 3
.015 5 .009 6
.016 8 .011 4
.018 4 .012 3
.019 3 .014 7
. 020 7 .015 5
.022 6 . 016 5
.023 3 .018 3
.026 2 .020 7
. 027 2 . 022 1
.028 3 .023 2
. 030 1 .026 2
.035 1

72 hours . 012 1 .007 1 . 0035 1
. 014 2 .008 2 .0040 1
. 015 2 .009 8 . 0050 1
.016 7 .011 10 .0055 1
.018 3 .012 8
. 019 4 .014 16
.020 13 .015 4
.022 5 .016 1
.023 4
. 024 2
.026 1
. 027 3
.028 1
. 030 2

U) 
M| 
ht)
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Time Length Width
X f X f

24 hours 774.15 1 1.66 2
851.55 1 2.33 4
928.98 3 2.66 2

1006.39 3 4.00 1
1083.80 1 4.33 1
1161.23 1 10

10

48 hours 3475.10 1 3.33 1
3723.37 1 5.33 1
3971.58 1 6.33 1
4468.05 1 7.66 1

4 4

72 hours 2158.91 1 5.00 1
2313.15 1 5.33 1
2467.34 1 6.33 1
2775.78 1 7.00 1

4 7.33 1

Depth
x

1.00
2.00

1.00
2.00

1.00
3.00

4

5

M-! I'vt1 rH IlO 
CO !—1 hi* 

CO i-H
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Time Length Width Depth
X f X f X f

24 hours 2090.21 1 5.00 1 1.00 4
2183.11 2 6.00 1
2229.56 1 6.20 1
2322.46 1 6.60 2
2368.91 1 6.80 1
2415.36 1 7.20 1
2647.60 2 8.60 1

9 8.80 1
9

48 hours 5.80 2 1.00 2
6851.01 1 6.00 1 2.00 2
7148.88 1 8.40 1
7297.81 2 4

4

72 hours 3608.51 1 4.60 1 2.00 2
3886.09 1 6.20 1 3.00 1
4441.24 1 6.80 1 4.00 1
4903.87 1 7.60 1 5.00 1

4 4 5
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Time
24 hours

Length Width
X f X f

1934.61 1 27.27 1
2011.25 1 28.39 1
2090.21 1 29.36 1
2166.85 3 33.52 1

6 34.70 1
45.82 1

6

Depth
x

1.00
2.00

48 hours 5704.21 1 33.40 1
6203.15 3 36.42 1
6448.89 1 42.92 1

5 45.24 1
54.45 1

5

72 hours 3081.11 1 41.53 1 1.00 5
3391.07 1 47.95 1
3853.70 1 57.89 1

3 3

m In r-t hr 
^ H
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