STUDIES

O N TI-IE C I g E E P E t ~ F O W L .

III. THE EAI~L~Z DEVELOPNENT AND LETHAL EXPI~ESSION
OF I-IOMOZYGOUS CI~EEPEI~ EMBI%YOS.
By WALTER LANDAUER.

(Stor,rs Agricultural Experiment Station, £'torrs, Conn.)
(With Plates XI-XIII.)
I~ an earlier report we have offered genetic proof that the gene determining the typical features of the Creeper variety of fowls is lethal when
present in homozygous condition (Landauer and Dunn, 1930). We have
stated ah'eady in that report that the typioal lethal period of homozyg'o~s
Ch'eeper embryos is to be found at the beginning of the fourth day of
incubation, and that at this stage the homozygous embryos appear to
be considerably smaller and less well differentiated than normal ones.
We have also stated that under favourable conditions some of the
homozygous Creeper embryos survive the critical period at the beginning of the fom%h day, and that such embryos later exhibit mm~hological features resembling phokomelia.
Our present report is concerned with a more detailed description of
those homozygous Creeper embryos .which die at the beginning of the
fom%h day of incubation. The phokomdia-like homozygous Creeper
embryos will be discussed in a Nture report.
I~3_ATEI%IAL.

There are certain difficulties inherent in the material. These could
be overcome only in pal%. Heterozygous Ch'eeper and normal embryos
cannot be distinguished until they are about 6 days old. Sbaee it seemed
important for the purposes of our comparison to use homozygous Ch'eeper
and normal embryos from the same family, the term "normal" throughout this paper indiscriminately refers to either normal or to heter0zygous
Creeper embryos. We do not believe that this affects appreciably the
results of our comparison between homozygous Creeper and normal
embryos. A more serious dit~ieulty exists with regard to the identification of the homozygous Cr%eper embryos. Since these embryos, as witt
be shown later, do not exhibit specific malfmTaations but are eharaeterised only by certain retardations in growth and dii~erentiation, it is
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impossible to distinguish between homozygous Creeper embryos and
embryos which are heterozygous for or without the Creeper gene, but
which show retardations of development for other reasons. In a few
instances embryos showed gross malformations (two eases of duplication, for instance), and these have been excluded from our studies. The
remaining embryos, retarded in development by agencies other than
homozygosity for the Creeper gene, are estimated as constituting approximately 5 per cent. (and not over 10 per cent.) of the total number
of embryos which has been classified as homozygous Creeper embryos.
Since we have reason to believe that the developmental changes of
homozygous Creeper embryos and of embryos whose development is
retarded by other causes are of a similar natm'e, it may be assumed
that oar conclusions will not be seriously distorted by the inclusion of
the latter group of embryos.
In our earlier report we have given a comparison between the
embryonic mortality dm'ing ~he first 6 days of incubation in matings of
Creeper and normal chickens and that in matings of Creeper fowls
inter se. In matings of Creeper with normal chickens ~he mortality
during this period amounted to approximately 6 to 7 per cent. of the
total number of fertile eggs; this is very similar to the average mortality
generally found in matings of normal fowls. It appears {ha~ no very
pronounced peak of mortality oemtrs during the first 6 days of embryonic
life. In Creeper by Creeper matings, however, it was found that in
addition to this "normal" mortality about 25 per cent. of all embryos
regularly die at the beginning of the fourth day of incubation. Detailed
evidence has been l~resented to show that these embryos are the homozygous Creepers. The fact that death of these embryos oemtrs dt~ring
a relatively short span of time, and that they exhibi~ a fairly uniform
degree of developmental retardation, made it relatively easy ~o identify
the homozygous Creeper embryos at the age of 72 hours' incubation.
We used for oar work whole mounts and transverse serial sections of
di:fferent developmentM stages of homozygous Creeper and normal embryos. In addition to a fairly large number of whole moun~s which had
been made in a preliminary attempt to determine the trine of death of the
homozygous Creeper embryos, the mat;eria,1 given on page 369 was used.
Thus, our conclusions are based upon a total of ld:l normal and
80 homozygous Creeper embryos. All of these embryos were living a~
•glie time of fixation. Whole mounts and sections were prepared with
the usual technique.
The measurements of posterior body length were taken from camera
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lucida drawings; all other measurements were made directly with the
help of an ocular micrometer. All data have been converted into actual
size units.
Time of incubation
in hours
36
~t3
48
60
72
48
72
96

Normal
Homozygous
embryos
Creeper embryos
Whole moun~s.
30
t8
10
-21
13
10
-22
23
Serial seci~ions.
25
15
16
11
7
-~IZE.

Unclassified
embryos
3
2

Numerous observations satisfied us that homozygous Creeper embryos, with the few exceptions referred to above, die during the first
i'ew hours of ~he "fourth day of incubation. It was obvious from preliminary observations that at 72 hours' incubation a definite size difference exists between normal and homozygous Creeper embryos from the
same mating, the homozygous Creeper embryos being considerably
smaller than the normal ones (Plate XI, Fig. 3; Plate XII, Fig. 1).
Head length. There is no very satisfactory method for expressing
body size of early embryos. Lillie states that "it is probable that the
measurement from the tip of the head to the apex of the cranial texture
(head length) wouId be best for classification of chick embryos by
measurement." This is unquestionably true with regard to the ease
and, therefore, correctness with which this dimension may be measured.
,With this consideration in mind, we decided to begin our study of the
size of homozygous Creeper embryos with a comparison of head length
in homozygous Creeper and normal embryos.
The results of our measurements of the head length of homozygous
Creeper and normal embryos, 72 hours old, are presented in Table I.
it may be seen from this table that 20 normal embryos of 72 hours'
incubation had an average head length of 2".[¢-_t: 0"06 ram., while 22
homozygous Creeper embryos of the same age had an average head
length of only 1-45 ~ 0.07 ram. The difference between the two classes
of embryos amounts tic 0"99 ± 0.09 mm. Among the normal embryos
the head length varied from 2.02 to 2.97 ram.; among the homozygous
Creeper embryos the extreme dimensions were 0.91 and 1-98 ram. The
values for head length of the two groups do not overlap. The variability
of head length is considerably greater among homozygous Creeper than
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a m o n g n o r m a l embryos, as was to be expeeged. I n order to get a n
a p p r o x i m a t e idea of the stage in n o r m a l development; corresponding ~o
the average head lengt~h of the h o m o z y g o u s Creeper embryos, a few
m e a s u r e m e n t s were t a k e n on n o r m a l embryos of 60, 48 a n d 43 houa's'
i n c u b a t i o n respectively. The average head length of n o r m a l e m b r y o s
a m o u n t e d to a p p r o x i m a t e l y 2.06 m m . a t 60 hours' i n c u b a t i o n a n d to
a b o u t 1.27 or 1.23 ram. at the age of ~t8 a n d 43 hours' i n c u b a t i o n . I t is
evident, therefore, t h a t the homozygous Creeper embryos, as far as h e a d
length is concerned, are considerably below 60-hour n o r m a l e m b r y o s ,
TABLE I.
Head length i~ ram.

Number
1
2
3
4=
5
6
7
8
9
10
11
12
13
14=
15
16
17
18
19
20
21
22
Average

Normal
72 hours
2'59
2'4=1
2'18
2.27
2'14
2.72
2"97
2.4=1
2'97
2.64
2.76
2'4=1
2'35
2'51
2'02
2.31
2.68
2'35
2'06
2.14=
-

-

-

-

2'4=4=i0'06

Komozygous
Creeper
72 hours
1'07
1'28
0"91
1.03
1.24
1'4=8
1'69
1"57
1"98
1.36
1.24=
1'69
1'24=
1'32
1'94=
1.52
1'69
1'28
1'77
1-52
1.89
1.28

1.,15-k0.07

NormM
60 hours
2"27
2"10
1'89
1"85
2'06
2'18
1'85
1'94=
2' 18
2.27
-----------

Normal
48 hours

1"19
1'24=
1'32
1.32
1'32
1'32
1.24=
1'24=
1.36
1.32
1.24=
1"15
---------

Normal
4=3hours
1"36
1'36
1'2't
1.32
1'15
1'32
1'28
1"15
1.32
------------

-

-

-

-

-

-

-

-

-

-

-

-

2'06 :t-0.05

1"27=t=0.02 1.28±0.03

bu~ tha% t h e y a,re only sligh~ly more a d v a n c e d lbhan 4g-hour n o r m a l
embryos. The same is n o t true, however, with regard to t h e c r a n i a l a n d
cervical flexures. 1VIost of the 72-hour homozygous Creeper e m b r y o s
show flexures of a p p r o x i m a t e l y t h e same degree as n o r m a l 60-hour
embryos. I t follows, ~hen, thM; these flexures, a l t h o u g h s o m e w h a t delayed i n t h e i r appearance, are more n e a r l y n o r m a l t h a n m i g h t be expeet;ed
from t h e size of the head region. There is obviously a fairly high degree
of i n d e p e n d e n c e between growbh a n d the i n i t i a t i o n of the processes of
flexion a n d torsion h-t the anterior b o d y region.
I t was observed t h a t in n o r m a l e m b r y o s of 36 hours' i n c u b a t i o n t h e
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cranial flexure is nol; visible yet or is just beginning to appear. After
43 hours' incubation the flexure appeared to be established in all
embryos. Apparently no appreciable growth in head lena@ takes place
between 43 and 48 hours' incubation. }Iead length in the 9 normal
embryos of 43 hours' incubation ranged from 1-15 to 1.36 ram. It is
interesting to note that among the homozygous Creeper embryos of
72 hours' incubation several had a head length considerably smaller
than the smallest value found in the earliest normal stage in which head
length could be measured (43 hours). This may indicate that in some of
the homozygous Creeper embryos the cranial flexure became established
in spite of the fact that the growth stage at which this normally occurs
had not yet been attained. This again points to the conclusion that
there is no close correlation between the size of the head and the time
when the cranial flexure is established. In homozygous Creeper embryos
of 48 hours' incubation the cranial flexure has not appeared as yet.
Length of the posterior part of the body (otocyst to posterior end). We
have just seen that at the age of 72 hours' incubation homozygous
Creeper embryos show a strikingly small head lengbh. Can this dimension
be taken as representative of body size in general? In order to find an
answer to this question we have measured the distance from the otocyst
to the postm~or end of the body in normal embryos and in homozygous
Creeper embryos. These data are presented in Table II. A part of these
embryos was collected in 1927, while the remarrying ones were collected
in 1931. The 1927 embryos came from the original lines of Creeper fowls,
while the 1931 embryos were obtained from Creeper chickens which had
descended from an outcross to normal fowls.
If we compare the range of variation in posterior body length of
normal embryos and of homozygous Creeper embryos, collected in the
same year, we find that in the 1927 as well as in the 1931 material the
two groups varied discontinuously. The posterior body length of the
normal embryos, collected in 1927, ranged from 5.49 to 7-66 ram. with
an average of 6.56 ± 0.17 ram. ; among the homozygous Creeper embryos
of the same year the minimum posterior body length was 3"81 ram. and
the maximum 5.21 ram. with an average of 4.33 ± 0"23 ram. For the
material collected in 1931 we find[ among the normal embryos a variation from 6.67 to 8.07 ram. with an average of 7-32 ± 0"16 ram., and
among the homozygous Creeper embryos the extreme variants were
4.54 and 6-63 ram. with an average of 5.~5 4_-0-16 ram. The averages
were also calculated from the combined data of all normal embryos and
of all homozygous Creeper embryos respectively. The average length
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from otocyst to posterior end of the body for all normal embryos
ai~onnted to 6.39 -2 0.14: ram., while the average of the same dimension
for all homozygous Creeper embryos is only 5.10 -2 0.17 ram. The
difference in average posterior body length of normal and homozygous
Creeper embryos equals 1.79 -2 0-22 ram. It is obvious that this difference would have been still more significant if all the material had been
obtained from parents with the same breeding history. The homozygous
Creeper embryos show a slightly higher variability than the normal ones.
Wtd!e these measurements demonstrate that at the age of 72 hours'
incuba{ion the pos{erior body length is significantly smaller in homozygous Creeper embryos than in normal ones from the same mating, it
is evident also that this difference is less significant than that found for
head length. The average length from the otocys~ to the posterior end
of the body of the homozygous Creepers amounts to 74: per cent. of the
average Iength of the same dimension in normal embryos. The average
head length of homozygons Creeper embryos, on ~he other hand, ammmts
to only 59.4: per cent. of that of normal embryos. It must be concluded
that the growth processes of homozygous Creeper embryos have been
more retarded in the head region than in the remaining parts of the body.
We s~ill have to consider the size differences which appear ~o exist
between the embryos obtained in 1927 from uncrossed Creeper lines and
those which in 1931 were secured fl'om a Creeper line originated by an
outcross to normal chickens. The data in Table II show that the normal
embryos as well as the homozygous Creeper embryos obtained from the
cross-bred line were somewhat larger than the embryos collected from
the uncrossed Creeper line..For the normal embryos the average difference amounted ~o 0.76-2 0.23 ram. and ~or the homozygous Creeper
embryos the average difference was 1.12 -2 0"28 ram. Although we have
~oo few data to draw any detinite conclusions, ~he results sugges~ tha't
hybrid vigour has a relatively greater effect on the growth of homozygous Creepers than on that of normal embryos from the same mating.
Body length in embryos of 4:8 c~nd 36 hours' incubation, tIow early
does ~he i'e~ardation in body growth o~ ~he homozygous Creeper embryos
appear? Is ~his retardation uniform at lirst, and if so, when does the
s~riking inhibition in growth of the head region make its a]?pearance~
In order to answer ~hese questions, we have measured embryos of 48 a~id
36 hours' incubation. The da~a obtained from embryos which had been
ineubabd for 48 hours are presented in Table III. The two dimensions
measured were (a) from the anl~erior end of the body b the :first semire,
and (b) from the first somi l;e to the posterior end of the body. The part
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TABLE

II.

Length f r o m otocyst to poste~'ior encl in ram. Emb~'yos of
NormM embryos

1

7.41

2

6.82

3

5..'19

,i
5

6.15

6.99
7'8].

3"81

Collect, ed
1931
5.51
5.10
6.20
5.52

6

6-23
6.11

7.35
7.58

4.06
5.19

4.'70
6,16

7
8

6,43
6.89

5"2t

4.73
5.92
5.18
5.69
4.5~
5'85
5.43

INumber

fJollectcd
1927

Collectecl
1931

6.5"7
8.07

7 2 hours' incubatio~u
Homozygous Creeper
embryos

Collected
1927
4.08
3.95
4.03

9

7.66

10
11
12
13

6.39
6.36
6.82
--

7.58
6.78
7"08
-----

l~i
15

---

---

---

6.63

6.56~:0.17

7.32±0.16

4.33±0.23

5.45±0'16

Average

-------

4.6~

6.89 ± 0 . 1 4

-5.10 ± 0 . 1 7

TABLE III.
Length f r o m ctnte~'io~" en3 of hec~3 to first somite c~n3fi'om fi~'st somite to posterior'
encl in homozygous Creeper ancl norma~ embryos aria" ~8 hours' incubation.
Length in ram.
H e a d t o first s e m i t e

F i r s t s e m i t e ~o
posterior end

Normal
embryos
1.67

Homozygous
Creeper
embryos
1.23

l%rmal
embryos
4.8~

Homozygous
Creeper
embryos
3.31

2
3

2.27
2.02

1.31
1'78

3,60
4'32

2.72
3.29

4
5
6
7

2,31
2.36
2.28
2.21

1.42

9
1O
11
12
13.
14.

2.53
2,39
2'20
1.942.13
2'95

1.20
1.82
2"0~
1'45
1'38
1-30

4-65
4.69
~.13
4'85
3.36
3'90
.1.50
4'42
3'83
4'03
4'38

2,74.
3.42
2,82

8

1-36
1.52
1.32
1.69
1.29

15
16

2.14
2.36

1.70
--

3.61
4.22

3.37
--

17

2-11
2.13

---

3-26
3.62

---

3.59

--

5.37

--

1.98
2.20
1.56
1-96
2.20±0.09

----1.~19 ± 0 . 0 7

3.78
3.75
3'10

--

3.00

--

4.05±0.13

3.17±0'12

Number
1

18
19

20
21
22
23
Average

J o u r n . of Geneifics xxv

4.27
2.48
3.68
3.98
3' 25
2'71
2'76
2.81

--

25
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of the body anterior to the firs~ somite in normal embryos has an average
length of 2"2 ± 0"09 ram. with individual values ranging from l'&2 to
3.59 ram. In the homozygous Creeper embryos the anterior part of the
body has an average length of 1.~9 ± 0.07 mm. with a range of variation
between 1"20 and 2.0~ ram. The difference between the averages amounts
to 0"71 ± 0"10 ram. In the posterior region of the body (from the first
somite to the posterior end) we find among normal embryos a variation
between 3"00 and 5"37 ram. with an average of ~--05 ± 0.13 ram., while
the homozygous Creeper embryos vary from 2-~8 to ~-.27 ram. with an
average of 3.17 ± 0.12 ram. The difference in posterior body length of
normal and of homozygous Creeper embryos from the same mating
amounts to 0-33 ± 0-18 ram.
A comparison of these dimensions with those obtained from embryos
of 72 hot~rs' incubation shows that the differences in body lengbh are
Iess significant at 48 hours than at 72 hours. The ranges of variation in
anterior and posterior body length of normal and homozygous Creeper
embryos overlap at the age of ~8 hours. The average total body length
of normal embryos amounts to 6.25 mm., that of homozygous Creeper
embryos to ~.26 ram. The average body length of the homozygous Creeper
embryos ecluals 7~.6 par cent. of that of normal ones of the same family.
There is already recognisable at this time a more pronounced growth
retardation of the anterior than of the posterior part of the body
aIthough the difference between the two is much less striking than at
72 hours (Plate XII, Figs. 2-6). The average length of the dimension from
the anterior end of the head to the first somite in the homozygous Creeper
embryos amounts to 67"9 per cent. of that of the normal embryos, while
the average length of the posterior part of the body of the homozygous
Creeper embryos amounts to 78.3 per cent. of the normal ones. Or,
expressed in a different way, the average length fl'om the head to the
first somite in the normal embryos amounts to 35.2 per cent. and in
the homozygous Creeper embryos to 32-0 per cent. of the total length
of the body. This difference in relative size of the head region is also
found if we compare the homozygous Creeper embryos with normal
embryos of 36 hours' incubation which in totaI body Ienggh are somewhat smaller than the homozygous Creeper embryos. In the 36-hour
Jmrmal embryos the length from the anterior end o~ the head to the
first somite amotmts to 39"3 per cent. of the total body length.
Already at 36 hours' incubation, we find differences in body size
between ttormal and homozygous Creeper embryos from the ,same
mating. The data in Table IV show that the total body length of normal
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embryos a,t this age averages 4.02 ± 0.08 ram., while the average body
length of the homozygous Creeper embryos is 3.4-7 ± 0.07 mm. The
average difference in lengbh equals 0.55 ± 0.11 ram. The average total
body length of the homozygous Creeper embryos amounts to 86.3 per
oen6. of that of the normal embryos. It follows that the size differences
between homozygous Creeper and normal embryos must appear conTABLE

IV.

Total body length and length fq'om the ante~'ior end of the head to the first somite
in homozygous Creeper and normal embryos of 36 hours' incubation. Length
~07, ~)?,O)Z,

I~omozygous Creeper
embryos

NormM embryos
r-

N u m b e r o~
somites
9

10

ii

12

3

TogM body
length
4"57
4.23
3.57
3.52
4.03
4.46
3.57

Length: head
to first semite
1.73
1.62
1.38
1.33
1.53
1.80
1.47

3-47
3'50
4.24

1-50
1.3~
1.55

3.74
3.90
3.46
3.72
4.01
4.18
3.94
4-04
4.90
4.22

3.61
4.43
~.96
3.97
4.02

4"45
3.71
Average

4"02 ±0'08

r

"~

Total body
l e ngt h
3-38
3.27
3.65
3.00
3.13
3.50
3.28

Length: head
to first semite
1.35
1.42
1 43
1.20
1.23
1.38
1.25

3-73
3.54
4.00

1.48
1.33
1.39

1.41
1.45
1.45
1.55

d.03
3.40
3.24
3.38

1.67
1.50
1.30
1.40

1.63
1.57
1.56
1.60
1.65

3.18
3.91
3.23
3.92
3"13
3'46

1.36
1.46
1.35
1 "49
1.27
1.37

1.53
1.70
1.83

----

----

1.60
I '67

---

---

1 '81

--

--

1.60
1"58 ±0"03

-3-47 __0-07

-1.38 ±0-02

1.93

Number of
somites
5
6

7

8

siderably earlier than the middle of the second day of incubation and
probably not later than the formation of the primitive streak.
The measurements of the anterior part of the body (anterior end of
the head to first semite) at 36 hem's show that the average length oi
this dimension is 1.58 ± 0.03 ram. in the normal embryos and 1.38 ±
0.02 ram. in the homozygous Creeper embryos. The average diferenee
between these two values equals 0.20 ± 0.004-ram. The length of the
anterior part of the body of homozygous Creeper embryos amounts to
25-2
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87-3 per cent. of that of normal embryos. This is practically identical
with the difference in total body length reported above (homozygous
Creepers 86.3 per cent. of normals) and seems to indicate that at this
stage no differential retardation of the head region has taken place yet.
The length of the anterior part of the body divided by total body length
equals 0.393 in the normal embryos and 0.397 in the homozygous
Creeper embryos. We may conclude, then, that in the homozygous
Creeper embryos at first a general and uniformly distributed inhibition
of growth takes place, and that this is followed by a more pronounced
growth retardation in the region of the head.
ORC4ANFOBtS'[ATION.

The numbe~' of somites. In studying the embryos fl'om Creeper by
Creeper matings after 36 and 48 hours' incubation we found that with
regard to the number of somites the material in both instances formed
two separate classes. The group with the lower number of somites was
assumed to consist of the homozygous Creeper embryos. At the age of
36 hours' incubation we had 19 embryos with between 6 and 8 somites
and 30 embryos with from 10 to 12 somites. There were 3 embryos with
9 somites; these probably were normal but have been omitted fl'om
our study. Assuming that the first group represents the homozygous
Creeper embryos and the second group the normal embryos, we find
that homozyg'ons Creeper embryos of 36 hours' incubation have an
average number of 7-26 ± 0.2 somites, while the normal embryos have
10.53 :k 0.1 somites.on the average. The difference between the two groups
amounts to .3-27 ~ 0-23 somites. Judging from the data as reported by
Keibel and Abraham and by Lillie, the difference between the two groups
amounts to approximately 8 hours of (normal) development.
A similar situation is met with at 48 hmtrs' development. Again,
there are obviously two groups of embryos, differing in the average
number of somi~es. There are 12 embryos with from 12 ~o 15 somites
and 20 embryos with ~rom 18 to 25 somites. One embryo each with
16 and 17 somites respectively have been excluded, since their classification was doubtful. The average number of somites of those embryos
which have less than 16 somites is 13,92 :[: 0.29, and the average number
of somites in the group of embryos with more khan 17 somiges is
21.35 ± 0-6~t somites. The former are assumed to be the homozygous
Creeper, the latter the normal embryos. The difference in somite munber
between the two groups amounts % 7.4:3 :1: 0.71 somi~es. This is estimated
to correspond to between 10 and I2 hours' (normal) development.
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At the age of 72 hours the classification of homozygous Creeper and
normal embryos according to somite number alone is no longer possible.
We have seen before, however, that at this age homozygous Creeper and
normal embryos can be distinguished by body size (head length and
length of posterior part of body). On ~he basis of classification by size
we find that the average number of somites in the homozygous Creeper
embryos is 29-48 -I- 0.5 and in the normal ones 3441 ± 0.55. The differenee between the two groups equals 4.93 ± 0.74 somites. From the data
of Keibel and Abraham and of Lillie this difference is estimated to
correspond to between 12 and 14 hours' (normal) development. This is
confirmed by counting ~he mlmber of somites in normal embryos of
60 hours' incubation, the average semite number at this age being
30.5 ± 0.25.
'fABLE V.
Number of somites of embryos from Creeper by Cree2er rantings at
36, 48 a~d 72 hours' incubation.
Age fl~
hours'
incubation 6
36
4

7
6

8
9

9
3

homozygous
Oreeper

N u m b e r of somi~es
~"
10 ]1 12 13 14. 15 16 17 18 19 20 21 22 28 24 25
16 12 2
normM

48

1

4 4
--,¢homozygous
Creeper
N u m b e r of somites
2,

2~ 27 28 ~9 so 31 3~
7'2

2

2

6

3

5

3

5

3

1

1

2

2

1

2 9
Lf
norma l

3

1 --

33 34 a5 36 37 38
4

5

2

1

3

4

In discussing t~he body dimensions of the embryos of 72 hem's' incubation we found that there was a significant difference between embryos
from rantings of the original Creeper stock and embryos from Creeper
chickens which had descended from an outeross. Such a difference does
not appear to exist with regard to the number of somites. The average
semite number of nm~nal embryos from the original fowls was 34.75 ±
0"73, and of the embryos from out-crossed stock it was 34.0 ~ 0.87.
Among the homozygous Creeper embryos the average number of somites
equals 28.14 ± 0.61 for the embryos from the original stock and
30.19 ± 0.6 for the embryos from parents with out-crossed ancestry.
The differences in both instances are not significant. It would seem,
~hen, ~hat hybrid vigour affected size (growth) but not morphogenesis.
A comparison o~ the data for size and number of somites in different
stages of development shows, furthermore, that the differences bebween
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homozygous Creeper and normal embryos increase much more rapidly
with regard to size than with regard to number of somites. This suggests
that the homozygous Creeper condition interferes more seriously with
growth than with organ formation. We shall find further facts pointing
to the same conclusion.
Distance from the last semite to the posterior end of the emb~'yos. If it
is ~rue that in homozygous Creeper embryos growth is retarded to a
higher degree than the formation of somites, then we should expect
that this is expressed in a change in the position of the last somites
T A B L E VI.

1)is;ance from the ~ast somite to the posterior end of the embryos in m~u
Number
1
2

Normal
embryos
48 hours
1.73
1.21

Homozygous
Creeper embryos
48 hours
1,39
1-49

Homozygous
Creeper embryos
72 hours
1.II
0-90

3

1.56

1.39

0.62

4
5
6
7

1.11
1.46
1.39
1.39

1.49
1.63
1.39
1.39

0'56
0,49
0.56
0.59

8
9
I0
II
12
13
14
15

1-39
1.46
1.80
1"73
1.39
L73

1.28
1.21
1.56
1.63
I.II
1.28

0"76
0.87
0.56
0,90
0.49
0.62

1.63

1,25

0.90

1'80

2'08

0'56

1.49
1.60
1.63
1.28

1,42
1.56
2.0I
1.98

0.90
0.52
0.52
0.52

1"66
1.91
1.56
1.42

-----

0-52
0.69
0.62

1.54-J:0.04

1.50±0.06

16
I7
I8
I9
20
21
22

23
Average

0.56
0.67 :[:0.04

relative to the posterior end of the body. It is well known that in
normal embryonic development the distance between the last semite
and the posterior end of the body decreases during the second and third
day on account of the formation of new somites in. a posterior direction.
A.t the age of 48 hours we tind that the distancefl'om the last semite
to the posterior end of the embryo is practically the same in homozygous
Creeper and in normal embryos (Table VI). Since, however, the homozygous Creeper embryos of this age with regard to body size resemble
normal embryos of from 10 to 12 hours' less incubation, we should expect
to find the distance from the last semite to the posterior body end con-
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siderably greater in homozygons Creeper than in normal embryos if body
growth and ~he formation of somites had been retarded at the same rate.
Homozygous Creeper embryos of 72 hours' incubation are only
slightly larger with regard to body size than normal embryos of 4`8 hours'
incubation; the distance from the last semite to the posterior end of
the body, however, is much smaller in the homozygous Creeper than in
the normal embryos. Even in normal embryos of 60 hollrs' incubation,
which are much larger than 72-hour homozygous Creeper embryos, the
distance from the last semite to the posterior body end was found to
be considerably greater (0.83 i 0-014-mm.) than in the homozygous
Creeper embryos of 72 hours' incubation (0-67 ± 0-04` ram.). These observations strengthen our conclusion that in the homozygous Creeper
embryos the formation of somites has progressed more rapidly than
the general growth of the body.

Growth an3 mo~'phogenesis of the 2rimorclia of tt~eeyes aug of the otocyst.
It seemed of some interest to know whether the disharmony which we
have found to exist between body growth and the formation of somites,
is present also in the primordia of individual organs. The anlagen of
the eyes and She otoeyst lent themselves more readily to an analysis of
this kind than any other embryonic organs.
In order to find an expression of the relative size of the eye primordia,
we have measured the greatest diameter in length and width of the eyes
of homozygous Creeper and normal embryos of 72 hours' incubation.
The results of these measurements are summarised in Table VII. It
appears from these measurements that the average greatest length of
the eye primordia is 297.6 ± 14.6/~ in the normal embryos and 201.7 ±
7.6/z in the homozygous Creeper embryos. The difference between these
two averages amounts to 95.9 ± 16.5/~. The average greatest width of
the eye primorcLia equals 252.4` ± 18.1/~ in the normal embryos and
14`5.7 ± 5.98/z in the homozygous Creeper embryos, the difference between the two amounting to 106.7 ± 19.1/~.
A comparison of the dimensions found in homozygous Creeper
embryos of 72 hours' incubation with those of normal embryos of
60 hours' incubation shows that in regard to size the eye primordia of the
homozygous Creeper embryos represent a considerably earlier stage than
60 hours' normal development. The average greatest length of 60-hour
normal embryos was found to be 261.4` ± 3.4/~ as compared with only
201.7 ± 7.6/~ in the 72-hour homozygous Creeper embryos, and similarly
the average greatesb width of the eye primordia was found to be
1.88.0 ± 3.8/z in 60-hour normal embryos as against 14`5.7 :k 5.98/z in
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TABLE

VII.

Greatest length a,'nd g,reatest 'width oj' the ,p,ri,mor~lia of the eyes of homozygous Creepe,r
and 'normal emb'~'yos after' 7 2 hou'rs' incubation. Dimensions in 'milc~'~.
ttomozygous Creeper
embryos

Norm~l embryos
A _

t

Number
1
2
3

Lengbh
386-3
279'0
2@i'6

4

,214.6

5
6
7
8

236"0
248.9
343.3
300-4

9

,107"7

10
11
12
13
14
15

3,13.3
257.5
279.0
279.0
300.4
343.3

16

--

17
18
19

----

20

21
Average

--

-297-6 ~ 1 4 . 6

_

_
c"

h

_

A

~

Widish

Lengl)h

386.3

128"8

94"g

236-0
171"7
171.7

158-8
171-7
t71"7
171'7
21,1.6
214'6
206'0
236.0

128'8
] 15.9
107'3
120'2
163'1
171.7
150.2
163.1

257.5

206.0

193.1
244'6
171.7
257-5
214.6
236.0
171.7
201'7
193"1
236.0
184.5
201.7 ~ 7 . 6

137.3
158-8
9~1-4
150.2
150.2
167.4
137.3
171'7
150'2
171-7
150.2
145.7±5.98

158"8
193.1
321.9
236.0
386.3
279.0
236.0
236.0
236.0
257-5
279.0
------

-252,4±18.1
TABLE

Widbh

VIII.

Greatest length and greatest width of the otocyst of ho,mozygous Creeper and of
uor,mal emb~'yos after 7 2 hours' i'ncubatio'n. Dimensions i'~ mikra.
I-Iomozygous Creeper
embryos

Normal ombryos
c

~

:Number
1
2
3
4
5
6
7

Length
279.0
228.0
248.9
206,0
214.6
257.5
279.0

8

290.9

9
10
1l
12
13
14
15
16
17
18
19
20
21

2,18.9
248'9
231.8
244.6
21,t.0
201.7
244,6

2"2
Average

197.4
20i:7
-----

Width
163.1
163'1
193.1

128.8
138.4,

214.6
206.0
206.0
197.4
214.6
163.l
171.7
150.2
]38.4
138.4
154.5
154.5
-----

--

--

237.5 j : 7 . 0 5

170.3 ± 7 , 0 6

c

Lengl;h
94,4

88'1
184.5
103.0
111.6
]58.8
15~1'5
154,5
137.3
180.3
120.2
128.8
16:3.1
138.4
180.3

Widbh
85-8
77~3
138-4

73.0
73.0
128.8
128.8
115.9
]03.0
133.0
98.7
103.0
138-t
115.9
120.2

197.4

163.1

158.8
158'8
]80'3
138'4
180"3
150"2
148,3 -J:6.56

115"9
107'3
128.8
115"9
145'9
111.6
114.6 i 5 . 0 1
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homozygous Creeper embryos of 72 hours' incubation. Unfortunately,
it is not possible to obtahl comparable measurements of the dimensions
of the eye primordia fl~om normal embryos of 48 hours' incubation, since
at this time some of the primordia are still in the stage of stalked primary
vesicles, while the majority of primordia are represented by vesicles
with a wide opening. With regard to size we can conclude from our
observations that homozygous Creeper embryos of 72 hours' incubation
are considerably below normal embryos of 60 hours' incubation. In this
respect, then, the primordia of the eyes show a behaviour similar to that
of body size. The morphogenetic differentiation of the eye primordia of
72-hour homozygous Creeper embryos, on the other hand, is wall in
advance of 48-hour normal embryos. The majority of the homozygous
Creeper embryos of this stage have well-developed eye vesicles with but
small openings remaining, in all details very similar to the appearance of
the eye primordia of 00-hour normal embryos. As with semite formation,
it appears that the morphogenetic differentiation of the primordia of the
eyes is well in advance of the stage of growth -which ~hey have attained
at the age of 72 hours.
A corresponding study of the size and morphogenesis of the otocyst
gave somewhat different results. Although, similar to the eye primordia,
'the ~average greatest length and width of the otocyst of 72-hour homozygous Creeper embryos are much smaller than the same dimensions i~
normal embryos of identical age, the retardation of growth of the
otoeyst appears to be less extreme than that of the primordia of the
eyes. The justification for this conclusion is found in a comparison of
the dimensions of the otocyst of 72-hour homozygous Creeper embryos
and of normal embryos of earlier stages of development. The average
greatest length and width of the otocyst of 72-hol~r homozygous Creeper
embryos and of 60-hour and 48-hour normal embryos is as follows:
Average grea~esg Averagegreages~
length
width
72-hour homozygous Ch'eeper embryos
60-hem" normal embryos

48-horn' norms1 embryos

148.3 d:6.56
169.0 d:3"96

115.3-_1:3-81

114.6:1:5.01
129.4 =1:2.89

96-6±4"77

At 48 hours' incubation, however, many normal embryos still have a
wide open auditory pit. Since measurements of these different stages
are not directly comparable, only embryos with closed otoeyst were
included in our measurements. It is obvious tha$ this selection unduly
5aereased the average length and width given above for normal embryos
of .4-8 hours' incubation. I~ appears, then, that both with regard to
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length and width ~he otocyst of 72-hour homozygous Creeper embryos
is closer to 60-hour than to 48-hour normal embryos. The degree of
differentiation of 72-hour homozygous Creeper embryos is very similar
ill all respects to that of 60-hour normal embryos. Evidently growth
and morphogene~ic differentiation of the otoeys~ are retarded to an
approximately equal degree. In this the otocyst differs from the primordia
of the eyes and from tile formation of the somites and growth of the body
as a whole. This difference probably finds its explanation in embryonic
peculiarities of the o~ocyst. Levi has shown that the otocyst in the early
s~ages of normal developmen~ shows a much smaller degree of individual
variability than other embryonic organs; this difference is particularly
striking if the otocyst is compared with the head region (brain) and the
primordia of the eyes. The lesser variability of the otocyst is probably
de~errni~ed by a less pronounced susceptibility to adverse (external or
intra-embryonic) conditions which in turn may be caused by a slower
rate of growth. At any rate it is safe to conclude that the lesser variability of tile size of tile otocyst in normal development (as compared
with other embryonic organs) accounts for the fact that in the homozygous Creeper embryos no striking disharmony of growth and organ
formation is found in the otocyst at the age of 72 hours.
Anlagen of the wings and leqs. The buds of the extremities have chiefly
been studied in serial sections. In whole mounts of normal embryos of
72 hours' incubation both the wing and the leg-buds can easily be seen
as outgrowths of the somatopleure (Plate XI, Fig. 1). In 72-hour homozygous Creeper embryos neither wing nor leg-buds can be seen in whole
mounts (Plate XI, Figs. 2, 3; Plate XII, Fig. 1). Serial sections, however,
showed f,hat the differences between the %wo groups are not qnite as
striking as they seemed from whole mounts. There is a considerable
degree of variation among the homozygous Creeper embryos with regard
to the morphogenetic differentiation of the primordia of extremities
(Plate XIII, Figs. 1-6). In those specimens which show the highest
degree of development wing and leg-buds of about equal size are found ;
they are about one-quarter of the normal size and slightly larger than
those of normal embryos of 48 hours' incubation. Only two embryos
have been observed in which the development had progressed thus far,
and it is open to doubt, of course, if these specimens actually were
homozygous Creepers or if they were developmentally retarded but
genetically normal embryos. It seems likely, however, that those
homozygous Creeper embryos which later on develop into embryos with
a phokometia-like condition, would show a~ this age a certain degree of
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differentiation of the wing and leg-buds. In all other holnozygous
Creeper embryos, however, the wing-buds are of about the same size as
in 4S-hour normal embryos (Plate XIII, Figs. 3, 4, 7), and the leg-buds are
extremely small or are.not present at all (Plate XIII, Figs. 5, 6). If
primordia of the extremities are found in 72-hour homozygous Creeper
embryos, they differ from normal onesin that the mesenchymal cells which
make up ~he primordia are less numerous (less dense). In this they also
resemble earlier stages of normal development. No abnormality could be
seen in the position or direction of the wing-buds.
A study of normal embryos at different stages shows that the wingbuds appear earlier than the leg-buds. At the age of 48 hours' incubation
normal embryos have wing-buds, but the leg-buds have not yet made
their appearance. In 72-hour normal embryos the wing and leg-buds
are of about equal size. Mter 96 hours' incubation the leg-buds are much
larger than the wing-buds (Plate XlII, Figs. 8, 9). These observations are
of interest because they confirm two seemingly contradictory reports.
Mehnert and Sieglbauer have stated that in carinate birds, as in
mammals, the appearance of the wing-buds precedes the appearance
of the leg-buds. This observation undoubtedly is correct. Sehmalhausen, on the other hand, has reported that in chicken embryos the
primordia of the legs are from the beginnh]g of development somewhat
larger than the primordia of the wings and that they remain larger
throughout development. Schmalhausen's observations, however, did
not include the earliest stages of development; for embryos which are
96 hours old or older his statement is confirmed by our own observations. Thus, it must be concluded that the leg-buds appear later in
development but grow more rapidly and, aRer the third day of incubation, exceed the wing-buds in sizeL
t Following older statements in the titcratm, e, we have assumed in earlier publications
(Landauer, 1927, pp. 252-3; 1931, pp. 162-3) t h a t the time of appearance of the primordia
of the two pairs of extremities and theh" relative growth rate is different in chickens and
in man. This appears n o t to be true. ~ c a m m o n ~nd Ca-Dins, hi fact, make the following
s t a t e m e n t with regard to h u m a n development: " T h e upper and lower extremities are of
about equal length at 7 cm. crown-heel length (or late in the thh'd foetal month). Before
this stage the length of the upper extremity exceeds t h a t of the lower; after this stage
this relation is reversed." I t follows t h a t t h e prflleipal featm'es of fu'st appearance and
of growth of the extremities are identical in chickens and in man. This developmental
similarity provides a common basis for the explanation of certain pecuHarRies of chonch'odystrophy in chickens and in man; pal%icularly, the tendency in both species to show
t h e more pronotu~ced ehonch'odystrophic lesions in t h e b6nes of the legs probably is
determined by t h e more intense growth rate of these bones as compared with those of
the arms (wings).
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Other' o~'ga~zs c~zd e~nb~'yonic me~zb~'a,r~es. I~ appears that size and
morphogenetie differentiation of the other organs of homozygous Creeper
embryos show features very similar to those which have already been
described for the somites, the primordia of the eyes, and the wing and
leg-buds, i.e. in size they slightly exceed normal embryos of ~8 hours'
incubation, while in organ formation they resemble 60-hour normal
embryos. An exception to this, however, was found in the configuration
of the anlage of the heart. This structlu'e is very variable in normal
embryos of 2 or 3 days' incubation. Its growth at this time is very
rapid. In order to facilitate a comparison of the developmental stages
of the cardiac tube in homozygous Creeper and normal embryos Patten's
ml~liue drawings (Pa~ten's Figs. 55-58) have been used for elassNeation.
In normal embryos of ~13hours' incubation ~he appearance of the cardiac
~ube varied between Patteu's stages E and C~, in 48-hour embryos from
E to It. In homozygous Creeper embryos of 72 hours' incubation the
variation extended from E to I, but chiefly from F to I-I, corresponding
to an age range in normal development of from ~0 to 53 and 4-2 to 4-7
hours respectively. Since it is difficult to make an exact comparison of
the size relations, this classification was based chiefly upon the shape
of the cardiac tube. According to this criterion the heart appears to be
more retarded than the head region. The most frequent situation met
with in these embryos is a developmental s~age of the heart corresponding
to Patten's stage F, while the head corresponds to stage I-I (Plate XI, Fig. 4-).
We have noted before, however, tha~ the head flexure in these embryos
is more extreme (more normal) than would be expected from the size
of the head region. The same does not appear to be true for the heart.
Although the shape of the cardiac tube in 72-hour embryos tk'ecluently
resembles that in embryos of about ~0 to ~I2 hours' incubation, its size
exceeds considerably that of normal embryos of ~his age. The U-shaped
cardiac tube in these embryos protrudes further laterally than it ever
does during normal development (Pla~e XI, Fig. 4; Plate XII,
Figs. 7, 8).
It appears that there is no definite information available concerning
the mechanism which is responsible for the formation of the loop in the
cardiac tube. Ig seems very probable, however, that this effect is produced by unequal growtlt in the cardiac tube (more rapid growth of the
atrial part), and. not by forces acting upon the cardiac tube from without.
If in the area of the heart, similar ~o ogher par~s of the body, the most
rapidly growing regions of homozygous Creeper embryos are more retarded in growbh than others, the result would be very similar to that
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actually found, since a disproportionately slow growth of the atrial
region would preserve l,he U-shape of the cardiac tube.
In homozygous Crecpcr embryos of 72 hours' incubation the heart
beat is slower and less regular than in normal embryos of the same
age.
The vitelline blood vessels of homozygous Creeper embryos of 72
hours' incubation always are much retarded in development as compared
with normal embryos of the same age (Plate XI, Figs. 1-3; Plate XII,
Fig. 1). The degree of development of the extra-embryonic vessels
frequently (Plate XI, Figs. 2, 3) corresponds approximately to that of
60 hours' normal embryos, but in some cases (Plate XII, Fig. 1) the
formation of the blood vessels has nob progressed beyond Chat of
48 hours of normal development (Plate XII, Figs. 2, 3). In these more
retarded cases usually a few blood islands can still be seen in the
posterior part of the opaque ~reu; *he same is true for 48-hour normal
embryos. :No structural abnormalities have been observed in the
formation of the extra-embryonic vessels, and their developmental
retardation obviously is due to inhibition of growth.
With the exception of the two embryos (of which it is uncertain if
they actually are homozygous Creeper embryos) previously noted for
particularly good development of the leg-buds, the allantois has not
yet made its appearance in homozygous Creeper embryos of 72 hours'
incubation.
The amnion of the homozygous Creeper embryos appears to correSpolld in size to the size of the embryos themselves. The position of the
tail-fold at 72 hours, however, is usually similar to that of 60-hour normal
embryos.
DISCUSSION.

It appears from our findings that the chief difference between homozygous Creeper and normal embryos is to be found in the growth rate.
We have seen that from the stage of 36 hom:s' incubation to that of
72 hours the divergence in average body size of the embryos belonging
to the two groups increases steadily.
We have also learned, however, that the retardation in growth, as
found in 72-hour homozygous Creeper embryos, is not uniform in all
parts of the embryo. Thus, we have found that the head region is proporCionately much smaller than the posterior part of the body; that
the retardation in growth of the wing-buds approximately equals that
of the head region, whereas the leg-buds frequently have not appeared
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at all; that '~he anlage of the heart as a whole shows approximately the
same degree of retardation as the region of the head. ~'~k regard to
the heart, our observations suggest that the faster growing atrial part
of the cardiac tube has been inhibited in a greater measure than the
ventrieular region. The degree to which the various par~s of the body
of the homozygous Creeper embryos are inhibited in growth may be
expressed by the following series : Leg-buds >~ heart ~ head,~wing-buds,
eye primordia, vitelline blood vessels > otocyst >~ posberior part of the
body and somites. From our own observations and those of others it may
be concluded that this se,'ies also represents the sequence of the growth
rate or of dominance (C,hitd) in the different regions and organs during
the third day of development,.
From his experiments with/~mduhcs and from other considerations
Stoekard concluded that ~here is an important difference in the effect
of a temporary slowing down of development and a temporary complete
stop of it upon the further formation of the various embryonic
organs. Stockard says: "The results of slowing and stopping development may be stated very concisely as follows: On slowing development
all parts and organs lower their rates in a somewhat relative fashion,
the faster going parts, even though more decidedly slowed, are still
progressing at a faster rate than the slow-going parts. On resuming a
normal rate, the more rapidly developing parts still maintain their
necessary supremacy.
"On completely stopping development at a critical stage, that is,
when certain parts are progressing at excessive rates, as compared with
the rate in general, the rate of all parts is reduced to zero or equality.
On resuming deyelopment from such a condition, the differential r~tes
are not again established with sufficient promptness and certain parts
or organs are suppressed, poorly expressed, or deformed in structure.
On stopping developmen~ at an indifferent stage, thag is, when important inequalities in developmental rate of the different parts are not
occurring, it magters not if the entire rate be reduced to zero. On resuming developmen$ the parts all begin at about equal rates without
the necessity of a prompt establishment of differences and no particular
arrests or suppressions occur."
We have pointed out before that those homozygous Creeper embryos
which in rare instances survive the critical stage at the beginrfng of the
fourth day of incubation, develop into specimens exhib}ging a phokomelialike condition. The chief abnormalities of these embryos are to be formd
in the extremities and the head, par~s which, as we have seen, are
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particularly retarded in tile early embryonic development~ of homozygous
Creeper embryos.
In order to ex]?lain l:he origin of these malformations on the basis of
S~ockard's hypothesis, it would be necessary to assume that a complete
stop in development has occurred in these embryos at a time when the
head and the primordia of the extremities were in a stage of particularly
rapid growth. Although it is, of course, impossible to disprove entirely
the occurrence of a short but complete stop in growth of these embryos,
it seems very unlikely that such a stop should have taken place. We
have seen that from the age of 36 hours onwards growth of the homozygous Creeper embryos declines gradually but progressively. The time
of most rapid growth of the head (brain) and the time of the origin of
the leg and wing-buds of normal embryos fall within the period between
36 and 72 hours' incubation, during which the development oE the
homozygous Creeper embryos has been observed. It is unlikely that
during this time a complete stop in growth should have occurred and
that, after growth had been resumed, the growth rate should have continned to decline. Moreover, it seems reasonable to assume that those
homozygous Creeper embryos which survive the typical lethal stage on
the fourth day of incubation should have had a somewhat better growth
rate than that of the majority of homozygous Creeper embryos, dying
oll the fourfih day of incubation. Apart from its intrinsic probability,
this is suggested by the fact that a higher percentage of such embryos is
found in wide crosses than in rantings of closely related birds (hybrid
vigour). Although we have no reason to doubt that in a general way
Stoekard's conclusions are correct, we do not believe that it is justifiable
to draw a sharp line between the effects of a slowing down of the developmental rate and a complete stop of it. Our material strongly suggests
that no stop occurs in the development of homozygous Creeper embryos,
but that the growth rate of these embryos is very much retarded during
the second and third day of incubation, and this retardation appears to
result in the phokomelia-like malformation if the embryos survive.
We have seen that in the homozygous Creeper embryos morphogenesis is much less retarded than growth. Thus, we found in 72-hour
embryos that the average head length of homozygous Creepers amounts
to 59 per cent. of the normals, the average length of the posterior part
of the body equals 74 per cent. of that of the normals, but the number
of somites of the homozygous Creepers averages 89 per cent. of the
normal nmnber. A similar situation has been demonstrated to exist
with regard to the size of the head and its flexim~ and torsion, the size

388

Studies on the Creeper Fowl

of the eyes and their morphogenetic differentiation, a~ld other parts of the
embryo. The striking inhibition in growth of the extra-embryonic blood
vessels (of which at least the larger ones are generally assumed to arise
by self-differentiation) furnishes further proof of the general retardation
in growth. The only seeming exception has been found in respect to the
heart anlage, the size of which appears to be larger thanwould be expected
from its configuration. It is very probable, however, that the changes
normally occurring in the shape of the cardiac tube at the close of the
second and during the third day of incubation are due primarily or
exclusively to differential growth rates in different parts of the cardiac
tube, and that in the homozygons Creeper embryos the growth rate, as
in other parts of the body, is more slowed down in those regions (atrial)
which are growing fast at the time than in the slower growing ones
(ventricular region). If this explanation is correct, we can make the
general statement that in homozygous Creeper embryos the lethal action
is brought about by an increasing retardation of growth during the
second and third day of development, which, at the end of this period,
probably leads to a complete cessation of growth resulting in the death
of the embryos. The processes of organ formation, on the other hand, seem
to be affected only secondarily in so far as the necessary material is not
available to make normal morphogenesis possible.
It appears from our discussion that the lethal action of the homozygous Creeper condition does not consist in the production of specific
abnormalities, but that it must be brought abou t by fundamental factors
affecting embryonic growth. The nature of these factors remains unknown 1. It seems probable that what is true for the homozygous
Creeper condition holds true also for the heterozygous state. We are
thus led to believe that the skeletal peculiarities of the Creeper fowl
(and probably of ohonch'odystrophy in general) are not brought about
by specific factors acting upon the growth of certain parts of the skeleton,
but by agencies which inlluence body growth in general. These agencies
mnst realise their influence at a time when the growth rate of the extremities
is at a ~Tacdmum, thereby exerting a specific inhibitory action upon the
formation of these parts of the body.
There are further facts pointing to the conclnsion that neither the
homozygous nor the hebrozygous Creeper condition direc@ canse
specific malformations, but that both exert a general growth.-inhibiging
action. The fact that the letha~ effect is not a direct consequence of
i Au at~emptl is being made in o~u" laboratory ~e analyse exlJerimengatly (~issue
cuigta'e, chol4o-allangoic grMging) ~tie naSure of ~hese growth-inhibiting ratters.
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cumulative inhibitory action of two Creeper genes is demonstrated by
the observation that this lethal effect may be considerably postponed
by the presence of many genes (other than the two Creeper genes) in
a heterozygous condition. The progressive retardation o~ growth, of which
death is a .consequence, may thus be influenced by other genes.
A duplication of many features of the histological skeletal abnerrealities brought abou~ by one Creeper gone may be found in cases of
chrondrodystrophy occurring in chicken embryos (Landauer, 1927) which
Dunn has shown to be non-genetic. This similarity may be taken as
evidence for the non-specific, growth-inhibiting na:bure of the efleet of
one Creeper gone and of the agencies which cause the appearance of
sporadic, non-hereditary chondrodystrophy. In human ehondrodystrophy there are obviously also hereditary and non-genetic cases, and
it is suggested that, as in our material, the etiological factors in both
instances are of a non-specific, growth-inhibiting type.
Jansen and others have proposed to explain the origin of chondrodystrophy through the effect of pressure exerted by a too narrow amnion.
Dietrich believes that Jansen's hypothesis, improbable enough for various
other reasons, became definitely impossible after ohondrodystrophy had
been found in chicken embryos (Landauer, 1927). We are not convinced
that the occurrence of chondrodystrophy in chicken embryos as such
constitutes critical evidence against Jansen's explanation. In fact, it
seems that Jansen received the suggestion for his hypothesis from publications by Blanc and Dareste in which these authors proposed to explain
certain monstrosities of chicken embryos as a consequence of the mechanical forces which a too small amnion had brought to bear upon
these embryos, llabaud, later on, presented critical evidence against this
explanation.
On the other hand, we thilfl< that the observations reported here
provide evidence a.gainst Jansen's hypothesis for the explanation of the
origin of chondrodystrophy. A comparison of the findings in homozygous Creeper embryos and in heterozygous Creepers leads to the conclusion that these two groups are differentiated by the presence of two
Creeper genes in the former and of one in the latter; both the chondrodystrophy which we have shown to exist in the heterozygous Creepers
(Landauer, 1931) and the phokomelia-like condition of homozygons
Creepers appear to have their origin in non-specific factors inhibiting
growth of the embryos at a certain period. The abnormalities of the
homozygous Creeper embryos appear during the second and third day
of incubation, that is at a time when ~he head and[ tail-folds of the amnion
Journ. of Genetics xxv
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are still separate and do not cover the places of origin of the wing and
tail-buds. Our evidence thus excludes peculiarities of the amnion as a
possible cause for the origin of the phokomeliadike condition of homozygous Creeper embryos, and, for genetic reasons, this conclusion may
be applied also to chondrodystrophy as represented by the heterozygous
Creeper fowl.
Our observations concerning the effects of two Creeper genes throw
some light upon the intricate relations which exist between growth and
organ formation. In vitro growth of tissue cells may take place for Iong
periods without leading to morphogenetic differentiation. On the other
hand, the formation of organs and tissues of developing organisms, obviously depends to a certain extent upon previous growth which furnishes
the substratum for the processes of morphogenesis. Ore"material demonstrates, however, that there is a certain degree of independence between
the events of growth and organ formation which, in the case of inhibited
growth, makes it possible that the processes of morphogenesis proceed
at a relatively normal rate, thus leading to the appearance of organs
and parts of the body which are more abnormal in size than in structure.
SUmmARY.
It has been shown in an earlier contribution that the dominant factor
responsible for the traits of the Creeper fowl has recessive lethal action.
Homozygous Creeper embryos usually die at the beginning of the fourth
day of incubation, but in rare instances such embryos may live until
shortly before hatching time. These latter embryos exhibit a phokomelialike condition of the extremities and malformations of the head.
A study of the early development of homozygous Creeper embryos
(between 36 and 72 hours' incubation) led to the following conclusions:
1. At the age of 36 hours homozygous Creeper embryos are slightly
smaller than normM ones from the same mating. Their average total
body leng4h amounts to about 86 per cent. of normal embryos. The
alrberior and posterior part of the body show the normal size relations
with regard to total body size. The size differences between homozygous
Creeper and nonnM embryos probably begin to appear at least as early
as the formation of the primitive streak.
2. This early general retardation in growbh is followed by unequal
retardation in different parb of the body of homozygous Creeper embryos.
Thus, we find that at the age of ~8 horn's the anterior part of the body
(anterior end of head go first somite) is more regarded than the posterior
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one (first semite to posterior end of body). The length of the anterior
part at this time averages about 68 per cent. of normals, that of the
posterior part is abotft 78 per cent. of normals.
8. This unequal retardation is still much more pronounced at the
age of 72 hours. The posterior parg of the body now averages 74 per cent.
of normals, while the average head length amounts to only 59 per cent.
of the normal one. The head length usually resembles that of normal
embryos between 48 and[ 60 hours' incubation, but is nearer to 48 hours.
The cranial and cervical flexures are about as in 60-hour normal embryos.
In some homozygous Creeper embryos of 72 hours a head length is found
which is smaller than the smallest head length observed in normal
embryos at the time when head length first becomes measurable by the
establishment of the cranial flexm'e (4.3 hours). Obviously, there is a
certain degree of independence of growth of the head region and of the
formation of the cranial flexure.
4-. A comparison of the number of somites shows the following
average differences between homozygous Creeper and normal embryos
fi'om the same matings: at 36 hottrs homozygous Creepers 7"3, normal
10.5; at <[8 hours homozygous Creepers 13.9, normal 21.4; at 72 hours
homozygous Creepers 29-5, normal 34--4. These differences correspond
to approximately 8, 10-12 and 12-14 hours' normal development respectively. At the age of 72 hours homozygous Creeper embryos have
89 per cent. of the somites of normal embryos. With regard to the
number of somites the homozygous Creeper embryos lag most conspicuously behind the normal ones during the period when in normal
development a rapid multiplication in semite number takes place (close
of the second day). The fact that in spite of their smallness the homozygous Creeper embryos become nearly normal again in semite number
demonstrates that the processes of morphogenesis are but little affected
by the homozygous Creeper condition.
5. The conclusion that organ formation is more nearly normal in the
homozygous Creeper embryos than is growth, is attested by other
observations: the primordia of the eyes are more retarded in growth
than in morphogenetic differentiation. The same, although to a much
lesser degree, is true for the otocyst. The distance from the last semite
to the posterior end of the body is smaller in 72-hour homozygous Creeper
than in normal embryos of 48 or even 60 hours, although the latter are
much larger in total body size.
6. Homozygous Creeper embryos of 72 hours' incubation usually
have wing-buds about equal in size, and in differentiation of the messn26-2
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chyme cells, to those of ~i8-hour normal embryos. The leg-buds are
extremely small or absent.
7. The heart of 72-hour homozygous Creeper embryos shows much
variation, tViost frequently the cardiac tube still has the U-shape of a
normal earlier period, but exceeds the size of the cardiac tube in normal
embryos of structurally comparable stages. This is probably to be explained by a more extreme growth retardation of the normally faster
growing atrial over the ventricular region, thereby preventing the loop
formation of the cardiac tube.
8. The vitelline blood vessels of 72-hour homozygous Creeper embryos usually show about the developmental stage of 60-hour normal
embryos but in some instances they resemble those of ~tS-hour normal
embryos.
9. The allantois usually is not yet present in 72-hour homozygous
Creeper embryos. The amaion folds are still separate.
10. Hybrid vigour appears to have a favourable influence on body
growth but not on morphogenetic differentiation (e.9. somite number).
11. No gross malformations have been found in those homozygous
Creeper embryos which die during the typical lethal period at the
beginning of the fourth day of incubation. The lethal action appears to be
brought about by cessation of growth.
12. The peculiarities of homozygous Creeper embryos may be understood on the basis of Stockard's hypothesis that during embryogeny the
faster growing regions are more inhibited by adverse conditions than
the slower growing ones. Our observations, especially the fact that
homozygous Creeper embryos, which under favourable conditions survive
the early lethal period, later show a phokomelia-like malformation,
militate against Stockard's assumption that a complete stop of development is necessary to produce malformations. It is probable, therefore,
that no sharp line can be drawn between the effects of an extreme
retardation and a complete stop upon later development.
13. Since fihe homozygous Creeper condition appears to be expressed
chiefly by a retardation of growth in general (but at a time when the
extremities and the head are most susceptible to such influences), it
seems also probable that the characters of the heterozygous Creeper
fowl and of chondrodystrophy in general are brought about by general
growth-inhibiting factors rather than by specific ones.
14. The places of origin, of the wing and leg-buds in 72-hour homozygous Creeper embryos are nob yet covered by the amnion. Amnion
pressure, therefore, cannot be responsible for the smallness of the wing-
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buds and the ~requent complete lack of the leg-buds of these embryos,
nor ~or the phokomelia-like condition of older embryos of tiffs type.
On the basis of the assumption that the homozygous and heterozygous
Creeper conditions are only quantitatively different expressions of the
same factor, it seems impossible to explain the origin o~ the heterozygous
Creeper traits with the amnion hypothesis of Jansen and others. Ft~rther,
since the heterozygous Creeper condition and human chondrodystrophy
are very similar in expression, Jansen's hypothesis becomes also improbable as an explanation of the etiology of human chondrodystrophy.
15. While it is known that growth i n vitro may take place without
leading to morphogenetic differentiation, the present sbudy demonstrates
t h a t morphogenesis of organs and parts of developing embryos may to
a certain extent be independent of growth.
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DESCRIPTION OF P L A T E S X I - - X l I I .
Fr.~TE XI.
:Fig. i.
Fig. 2.
Fig. 3.
:Fig. 4.

Normal embryo from Creeper parents. 72 hours' incubation. 33 somites.
Homozygous Creeper embryo. 72 hears' incubation. 28 somi~es.
ttomozygous Creeper embryo. 72 hours' ineubatlon. 31 somites.
ttomozygous Creeper embryo. 72 hours' incubation. Region of he~d ~nd he~r~.
Fr.~

XIL

Fig. i.
rag. 2.
Fig. 3.
Fig. 4.
Fig. 5.
Fig. 6.
:Fig. 7.

IIomozygous Creeper embryo. 72 hours' incubation. 27 somi~es.
~ormal embryo from Creeper parents. 48 horn's'incubation. 22 somi~es.
Normal embryo from Creeper paren%s. 48 hours' incubation. 21 somi~;es.
IIomozygous Creeper embryo. 48 hours' incubation. 14 somi~;es.
Homozygous Creeper embryo. 48 hours' incubation. 14 somi~es.
ttomozygous Creeper embryo. 48 hours' incubation. 13 somltes.
l~ormM embryo from Creeper parents. 48 hours' incubation. Showing region of
head and he~r~.
Fig. 8. ttomozygous Creeper emb<yo. 72 hours' incubation. Hear~ disproportionately
large.

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

F~ATE XIIL
Normal embryo from Creeper parenSs. 72 hem's' incubation. Wing-buds.
The same embryo as in Fig. 1. Leg-buds.
Homozygous Creeper embryo 1484. 72 hem's' incubation, Wing-buds.
The same embryo as in Fig. 3. Leg-bud region.
~omozygous Creeper embryo 1485. 72 hours' incubation. Wing-bu&~.
IKomozygous Creeper embryo 1490, 72 hours' incubation. Region of leg-buds.
Normal embryo from Creeper parents. 48 hears' incubation. Wing-bu&~.
~ormal embryo from Creeper parents. 96 hours' incubation, Wing-buds.
The s~me embryo as in Fig. 8. Leg-buds.

JOURNAL OF GENETIOS,VOL. XXV, NO. 8.

PLATE X1

PLATE Xll

JOURNAL OF GENETI08, VOL. XXV, NO. 8.
~

, [~"'~.'A..¢ :~'~" ~

~:

•

,.~.

....~

IC":

r '~,

,.,

. ....

~.:i; ,~ .
~.

•

,

'

~ ~.,

~
.

. !ii~i~i~,'~,~,~~~,,
i ~

~ i ~ % ~ , ~
"''~,~
:
~i~:!i'~i~t~i:
~' ~" ~

~ib~:!~"

~

~, ~,
' ~

• ....

~,

:, ~ . : . ~
~ '~' ,~"1%.~

~

:i~'~ •

....

i~¸¸~ .,-

~ "~ '

i~:,~J:i

..

!~:i~

~,~.~/'~!i~ ~Aii~/!

JOURNAL OF GENETIOS, VOL. XXV, NO. 8.

PLATE XIII

