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ABSTRACT 

Data On the occurrence of estrus are reported for 344 ewes (Hampshire, Shrop
shire, Southdown, Rambouillet, and grade) observed during the years from 1929 to 
1936. In general the breeding seasons of these ewes extended from September to 
January. The signs of estrus are described _ Data are presented for 1,235 estrual 
periods, ranging from 3 to 73 hours in duration with a mean of 29_33 hours . Of 
1,038 estrual cycles, 938 were within the range of 14 to 19 days in length with a mean 
of 16.72 days. The remaining 100 cycles (9.6 % of the total) fell outside of the 
range of 14 to 19 days and were considered as abnormal, Evidence is presented 
which indicates that ovulation without estrus, failure of ovulatio·n and luteinization, 
and prenatal death of the embryo were probable immedi ate causes of some of the 
abnormal cycle lengths_ 

A total of 219 laparotomi es were performed during and following estrus on 74 
ewes under local anesthesia to observe the rupture of the ovarian follicle and other 
ovarian changes. The process of ovulation is described in detail, I t consists of a 
swelling out of the ripe Graafian follicle, the formation of a clear area, a nd the push
ing out of a tiny cone, from which rupture occurred allowing the liquor folliculi 
containing the ovum to flow away. Ovulation was observed from some tim e before 
the end of estrus to several hours after, but usually took place near the end of estrus_ 

Analvses of the effect of various factors on estrus and ovulation were made. 
Variations in the breeding season, length of the estrual cycle, duration of estrus, 
time of ovulation, and rate of ovulation were found with respect to breed, age, indi
viduals within breed and age groups, season, and plane of nutri tion_ 

Cyclic changes in the histology of the geni tal tract are descri bed . These 
changes were in accord with the functions of the various organs_ The vagina 
reached its height of development at the time of estrus when it served its function 
as a copulatory organ. The cervical epithelium poured off its mucous secretion 
toward the end of the cycle and this mucus became fluid during estrus serving to 
facilitate the passage of sperm. The uterus reached its height of activity toward 
the middle of the cycle in preparation for receiving the fertilized ovum_ The tubal 
epithelium was level and at its maximum height during estrus when the egg began 
its journey down the tube. 

Detailed results of the experimental alteration and induction of estrus and 
ovulation are reported. Removal of the ovary with the only ripe follicle or fresh 
corpus luteum during estrus or of the only corpus luteum during the cycle, was fol
lowed by ovulation and sometimes estrus in 2 to 4 days_ Estrus was induced 
artificially in normal and castrate ewes during anestrum with Progynon-B. Four 
ewes were kept in continuous estrus by daily injections of Progynon-B, their be
havior becoming like that of the male. The histology of the genital tract after 
ovariectomy, and histological changes after induction of estrus in the castrate ewe 
are described. Ovulation was induced during anestrum with the gonadotropic 
hormone of pregnant mare serum_ 

The observations and results are discussed and interpreted with regard to their 
bearing on the explanation of the normal production of estrus and ovulation, anq 
with regard to the extent which various factors may affect estrus and ovulation . 
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Plate I.-Natural color photographs of the ovary of the ewe (Ewe 169, Decem
ber 10, 1934), taken at laparotomy. 

1. Photographed 6 hours before ovulation. Ovary is located between end of 
the ruler and the uterus. 

2. Same ovary photographed one hour thirty-five minutes before ovulation. 
Note reddening of the follicle. 

3. Same ovary photographed seven minutes after ovulation. Note ovary has 
shrunken slightly and that the fresh corpus is blood red. 

4. Same ovary photographed twenty-one minutes after ovulation. Note the 
corpus is now dark red. 



Estrus, Ovulation, and Related 

Phenomena in the Ewe 

FRED F. McKENZIE AND CLAIR E. TERRILL * 

Animal Husbandry Department, University of Missouri, and the Bureau 
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of Agriculture Cooperating.t 

In studying estrus and ovulation we are primarily concerned with 
the physiological interactions or mechanisms by which the various 
events of the estrual cycle are produced. Adequate control of fertility 
and correction of sterility await a more complete knowledge of these 
mechanisms. A study of the events of the estrual cycle, their func
tions, time relationships, the factors that affect them, and accompany
ing changes in the genital tract was undertaken in the hope of obtaining 
a better basis for the planning and interpretation of further investiga
tions into the natural and artificial production of estrus and ovulation. 

The experimental work includes five related phases which will be 
taken up in separate sections, namely: 

I. The Breeding Season, Estrus, and the Estrual Cycle. 

II. Ovulation and Ovarian Changes. 

III. Factors Affecting Estrus and Ovulation. 

IV. Histological Changes in the Genital Tract During the Estrual 
Cycle. 

V. Experimental Induction and Alteration of Estrus and Ovula
tion. 

*Assistant Animal Husbandman U. S. Department of Agriculture, United States Sheep 
Experiment Station, Dubois, Idaho. ' 
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Section L---The Breeding Season, Estrus, and the 

Estrual Cycle 

REVIEW OF LITERATURE 

Some breeds of sheep show estrus at regular intervals throughout 
the year as reported for the Merino in South Africa by Quinlan and 
Mare (1931). The data given by Villegas (1929) indicate that he was 
dealing with sheep which were capable of breeding at any time of the 
year. Marshall and Hammond (1932) reported that Merino and Dorset 
Horn ewes are capable of producing two lamb crops yearly. Kupfer 
(1928) has observed in European sheep that ovulation takes place 
throughout the year. 

Many of the mutton breeds have restricted breeding seasons. 
McKenzie and Phillips (1930) found that the breeding season for 
Hampshire, Shropshire, and Southdown ewes began the last of August 
with the Hampshire ewes, about ten days earlier than those of the 
other two breeds. Cole and Miller (1935) presented data for the above 
three breeds indicating that their breeding season in California may 
begin a little earlier. They found that Rambouillet ewes would breed 
in early July and Romney-Rambouillet cross-breds, in August. Ac
cording to their data the onset of the breeding season for Romney 
ewes was the latest, beginning in the early part of September. The 
breeding season ended in January and February in four cross-bred 
ewes which were followed through the season. Grant (1934) working 
with mixed Scottish breeds found that the breeding season extended 
from October to May. Mihaila (1934) in Roumania found that the 
breeding season began in August. Roux (1936) in South Africa with 
Merino ewes found that the breeding season extended from February to 
August (fall and winter months). 

Puberty in early ewe lambs is reached during the fall months; 
later lambs may fail to come in estrus until the following year. Mc
Kenzie and Phillips (1930) found the average age at first estrus for 
Hampshire ewe lambs was 213 days (range 187-250 days). Cole and 
Miller (1935) found that in eight ewe lambs the first estrus was ex
pressed at or between 8 to 10 months of age (between September 22 
and November 9). They further stated that the first estrus of the 
breeding season appeared later in ewe lambs than in mature ewes. Roux 
(1936) found that the first estrus in Merino lambs occurred when they 
were 16-20 months of age. 

The signs of estrus in the ewe were described by Marshall (1903) 
as being comparati'.Tely slight. Congestion of the vulva (though some-
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times slight), and the flow of mucus were noted. He gave as the only 
reliable external indication of estrus, the behavior of the ewe toward 
the ram. These were in general confirmed by McKenzie and Phillips 
(1930) and by Grant (1934). McKenzie and Phillips (1930) found that 
the beginning of estrus was abrupt in some cases and gradual in others. 
Quinlan and Mare (1931) reported that both the beginning and end of 
estrus were gradual. Grant (1934), however, stated that estrus began 
abruptly and ended gradually. Raux (1936) reported that estrus be
gan abruptly and ended either gradually or abruptly. 

In some species there was a tendency for estrus to be initiated at 
some particular time of day. Hemmingsen (1933) found with rats that 
the transition from proestrus to estrus commenced between noon and 
midnight. In the guinea pig about two-thirds of the animals came in 
estrus between 6:00 p.m. and 6:00 a.m. (Young et ai, (1935). Quin
lan, Mare, and Roux (1932) tested ewes for estrus at hourly intervals 
from 6:00 a.m. to 5:00 or 6:00 p .m. In one trial 38.5% of 338 came in 
estrus between 6:00 a.m. and 5 :30 p.m. In the second trial 62.7% of 
255 came in estrus between 6:00 a.m. and 6:00 p.m. However, ewes 
were not tested during the night and there was the possibility that 
more ewes may have come in estrus in the half day from midnight to 
noon. Cole and Miller (1935) found by testing ewes at two-hour in
tervals that estrus was initiated at any time in the twenty-four hour 
period, but they did not state whether equal frequencies were found in 
different portions of the twenty-four hour period. 

Data on the duration of estrus (T able 1) show considerable varia
bility. McKenzie and Phillips (1930), Grant (1934), and Roux (1936) 

TAB LE I.-DATA REPORTED IN THE LITERATURE ON THE DURATION OF ESTRUS 'IN THE EWE. 

No. of No. of Range Mean 
Authority Country Breeding Ewes Periods (hrs.) (hrs.) 

Milowanow (1932} ___ U. S. S. R ___ 
{H';:';'P-S!l;;e-_-_- ~ ~==== } 

24-96 
McKenzie and Phil- 30 .7 

ips (1930} __ ______ U. S. A. __ ___ Shropshire _____ ___ _ 97 247 5-50 26.3 
Southdown~ _______ 24.0 

Allen et al. (1931) ___ U . S. A. _____ Grade _____________ 14 27.0 

Terrill (1935) _____ __ U. S. A. _______ Hampshire. Shrop-
shire, South down 
and Grade _______ 286 884 5-72 30.35 

Cole and Miller (19320) __________ U. S. A. __ ___ Grade RambouilleL 27 91 1-3* 
Cole and Miller (1935) U. S. A. _____ Mutton and mixed breeds __________ __ 37 164 1-5* 1.86* 

Clark (1934} __ ______ U. S. A. _____ \Vcst crn Grades and 
Shropshires- _____ 80 -:;:;- 24-72 -36-Grant (1934) ________ Scotland ____ Mixed (Scottish} ___ 17 3-84 

{ Italy Alongi (1924) _______ (Sicily} ____ - - -- ------ - -- - -- --(Umbria) __ - ------ -- ---------
Kupfer (1928) _______ 
Quinlan and Mare 

U.:So. Africa Persian Woolled ____ 35 

Mode 
(hr •. ) 

18-36 

30-40 

30-40 

36-48 
22-34 

24-48 
48 

48 
(1931) ____ __ ___ __ U . So. Africa Merino ______ ______ 68 77 24-96 40t 36-48 

Roux (l936i________ U. 
*Days. t About . 

So . Africa Merino ___________ 37 74 1-59 30 30-32 
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reported periods as short as three to five hours; Cole and Miller (1935) 
found that estrus was usually longer than twenty-four hours. They 
observed one estrus of five days, which is the longest reported. In the 
majority of cases the duration of estrus was between 24 and 48 hours. 

Data on the length of the estrual cycle (time from the beginning 
of one estrus to the beginning of the next) are more frequent than those 
on the duration of estrus (Table 2). The marked regularity of the 
length of the estrual cycle was striking. The mean cycle lengths among 
the different reports varied only slightly more than a day and it ap
peared that from 85 to 90 percent of the cycles reported fell within the 
range of 14 to 19 days. Most of those cycles which fell outside this 
range should be considered as abnormal. 

In spite of the marked regularity of cycle lengths, breed differ
ences appeared. In general, a longer average duration of the cycle had 
been reported for Merino and Rambouillet ewes than for Hampshire, 
Shropshire, and Southdown ewes. Cycles of 20, 20 to 30, and 14 to 21 
days have been reported for breeds of sheep in Italy and Central Europe, 
but extensive data have not been reported for any of these cases. 

Considerable data from all parts of the world on estrus and its 
cyclic occurrence have been reviewed. The regularity of data reported 
from widely separated locations under varying conditions has been re
markable. However, breed differences existed; and certain variable 
factors such as season and nutrition may have affected estrual phe
nomena. Extensive but exact data are necessary in order to evaluate 
properly the effect of such factors. It is intended in this section to 
present the results in detail of observations on the occurrence of 
estrus. In Section III data will be analyzed to determine to what spe
cific factors the variations may be attributed. 



TABLE 2.-DATA REPORTED IN THE LITERATUllE ON THE LENGTH OF THE ESTRUAL CYCLE [N THE EWE. 

Mode or Percent 
Modal Within 

No. of No. of Range Mean Range Modal 
Authority Country Breeding Ewes Cycles (day.) (days (days) Range 

Milowanow (1932)--------- - ----- U. S. S. R _________ 
H~~l-p-shi;;, -Sh;~p;hi~~-- 5,759 3-51 16.258 15-18 90.6 

McKenzie and Phillips (1930) _____ U. S. A ___________ 
and Southdown _ _ ____ 97 116 8-49 16.6 14-16 79.0 

Casida and McKenzie (1932)------ U. S. A ___________ Grade (Hampshire and 
Shropshire) __________ 9 34 7-34.5 16.5 14-18 82.0 

Allen et a1. (1931) ________________ U. S. A. ___________ Grade (Hampshire and 
Shropshirel ____ ___ ___ 14 16.5 

Warbritton (19Hl ________________ U. S. A. ___________ Grade (Hampshire and 
Shropshire) __________ 22 70 4-78 16.3* 14-18 85.7 Terrill (1935) ____________________ U. S. A. ___________ Hampshire, Shropshire, 
Southdown, and Grade 
(Ha mpshire and Shrop-
shire) ____ ___________ 221 649 4-63 16.58* 14-19 90.3 ::0 

Cole and Miller (1931) ____________ U. S. A. ___________ 15 16-23 17.0 16-18 tIl 
Cole and Miller (1935l ____________ U. s. A. ___________ Mutt;~~~i~;J-br .... di~g= lis 15-19 16.8 

en 
tIl 

Darlow and Hawkins (1931)------- U. S. A. ___________ Grade Merino __________ 18 168 13-21 17.3 17 > 
:;<l 

Darlow and Hawkins (1932l _______ U. s. A. ___________ Grade RambouiJIcL ____ 54 13-21 17.5 () 

Hawkins and Darlow (1933)------- U. S. A. ___________ Grade Rambouillec ____ 9 38 17.2 ~ 
Clark (l934l _____________________ U. S. A. ___________ Grade \Vestern and to Shropshire ___________ 80 13-18 16.4 c:: 
Grant (1934) ____________________ Scotland ___________ Mi xed Scottish _________ 17 65 15-18.5 16.4 16 . 5 

t-< 
t-< Marshall (1903) __________________ Scotland ___________ Black faced ____________ 13-18 15-16 tIl 

Banfert (1933)- __________________ Roumania ______ ___ TigaL ________________ 147 16-21 17 >-:l 

Mih.ila (1934l_ _ _____ __ _ _ _ _ _ _ _ __ _ Rou mani __________ Tzurkanaschafen _______ 15-20 17.48 
Z 

Alongi (l924)_c __________________ Waly ~rlct).T---- -- -- --- - -- -- --- -- -- ---
-is- N 

0\ ta y m na _____ -- -- -- -- - - ----- ---- --- 20-30 tf>. Sanctis (1926l _ __ ________ ____ _ ___ Italy (U mbria)--- __ -- - --- - - -------------- 20 

Schmaltz ~1921) _________________ Germany ______ __ __ 
S~\:-i;;J-S-t~ir-e-r: -;~d -Be-r= 

14-21 
Kupfer (1 28) ___________________ Central Europe ____ 

Pe~~~;\t_o~le-d _-~ ~ ~ = ~ ~ ~ is 21 
Kupfer (1928) _______________ __ __ U. South Africa ____ 18 
Raux (1936) _______________ _____ U. South Africa ____ Mernio ________________ 37 37 12.5-18.4 16.8 16.5 

Merino ________________ { 234 234 6-68 17.4* } 16-19 85.4 Quinlan and Mare (1931)--------- U. South Africa ____ 18.9 
24 247 15-68 17.04* 15·19 91.5 

Quinlan, Mare and Raux (1932) ___ U. South Africa ____ Merino ________________ 
130 181 9-35 

17.00* } 16-18 91. 7 17 . 27 

Yilhjelmson (1934) _______________ I«land ____________ Native Sheep __________ 14-16 

Gill (1933)---------------------- New Zealand ______ Romney _______________ 18 22 14-39 
16.60* 

15-18 90.9 17.04 
16.6* 14-19 \0 

Dry (1933)---------------------- New Zcaland ______ Romney _______________ 37 H 7-21 16.7 17 88.6 

*Mean of all observation. within the modal range given. 
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MATERIAL AND METHODS 

The data to be presented were obtained during the breeding seasons 
from July, 1929 to March, 1936. The observations were made at the 
Missouri Station on sheep briefly described in Table 3. All ewes were 
teased individually by sexually active rams of various breeds. Aprons 
were placed on the rams to prevent copulation (see Figures 1 and 2). 
From 1929 to 1933 inclusive, ewes were teased at variable intervals 
which ranged from one to twelve times (usually two, three, or four 
times) each twenty-four hours. Beginning with the season 1934 the 
ewes were teased in the same manner but usually at three-hour intervals 
throughout the season, which began early in August and continued 
until all the ewes had ceased coming into estrus. 

Fig. l.-:-Teaser ram with apron to prevent 
copulation. 

Fig. 2.-Tcaser ram with ewe in estrus. 

Estrus was dated from the first time the ewe would stand and 
allow the ram to moant to the first time that she would refu.se to stand 
for the ram. The estrual cycle was dated from the beginning of one 
estrus to the beginning of the next. The breeding season was dated 
from the onset of the first estrus of the season until the last estrus of 
the season. All ewes were kept in a dry lot and were fed approximately 
two pounds of alfalfa h~y per ewe per day and from one-half to one 
pound of grain mixture consisting of whole oats, 7 parts and bran, 3 
parts. The ration was varied from time to time in an attempt to keep 
the ewes in medium to good condition. The ages given refer to the age 
of the ewes at the birth date preceding the breeding season during 
which the observations were made. Thus a ewe whose age is given as 
three years for the breeding season of 1935-1936 would have been born 
in the spring of 1932. With the exception of lambs no attempt was · 
made to distinguish between ages within a year. 



TABLE 3.-ANIMALS USED IN THESE I NVESTIGATIONS (BY GROUPS). 

Group Season 
Designation Breeding Observed 

H'35 _____________ Hampshire _________________ _ 1935-1936 R'35a* ___ ___ _____ High grade RambouilleL ______ 1935- 1936 
R'35b* ____________ High grade RambouilleL ___ ___ 1935- 1936 
G'35 ______________ Grade (Hamp. and Shrop.) ____ 1935-1936 
H'34 _____________ Hampshire _______________ ___ 1934-1935 G'34 ______________ Grade (Hamp. and Shrop.) ____ 1934-1935 G'3L __________ __ Grade (Hamp. and Shrop.) ___ ._ 1933-1934 

G'3L ___________ _ Grade Hampshir<- ___________ 1932-1933 G'3L _____________ Grade (Hamp. and Shrop.) ____ 1931-1932 G'30 _________ _____ Grade (Hamp. and Shrop.) ____ 1930-1931 
H'30 _____________ Hampshire __________________ 1930- 1931 
Sh'30 __ ___________ Shropsh ire _______________ ____ 1930- 1931 So'30 _____________ Southdown __________________ 1930-1931 

Sh'29 __________ ___ Shropshire _____ __ ____________ 1929-1930 So'29 _____________ Southdowo _______________ ___ 1929- 1930 

No. of 
Ewes 

19 
20 
20 
8 

27 
18 
13 

26 
48 
15 

37 
41 
20 

26 
19 

Age 
(yrs.) 

1-8 
3 
3 

3- 7 

Y,-7 
2- 6 
1-8 

3-8 
2-8 

y,'-4 
}{-8 
y,'-4 

1-7 
1-6 

Data Reported in Part or in Full 

Terrill (1935. 
Terrill (1935). 
McKenzie et al. (1933). 

McKenzie et al. (1933), Warbritton (1934), Terrill (1935). 
Casida and McKenzie (1932), Warbritton (1934), Terrill (1935). 
Allen et al. (1931), McKenzie et al. (1933), Terrill (1935). 

McKenzie and Phillips (1930), Terrill (1935). 
McKenzie and Phillips (1930), Terrill (1935). 
McKenzie and Phillips (1930), Terrill (1935). 

McKenzie and Phillips (1930) , Terrill (1935). 
McKenzie and Phillips (1930), Terrill (1935) . 

*These two groups are reported separately because of the difference in experimental treatment, which is described in Section I II. 
NOTE-The groups H'35 and G'35 include individual animals which were observed two seasons and are also included in groups H'34 and G'34. 

TABLE 4 .-DATES FOR THE BEGINN I NG AND TilE END OF TilE BREEDING SEASON. 

Groupl 

H'35 ___ ___ _________ _____________ _ 
G'35 ____ __________ ____ ______ _____ _ 
H'34 ____________________________ _ 
H'34* __ _ 
G'34 _____ ____________ ______ ____ __ _ 
G'33 _______ ________ ____ _______ ___ _ 
G'32 _____________________ ________ _ 
G' 3 L _________________ _______ ____ _ 
H'30 _______ _____________ ___ ______ _ 
H'30' __ ___ __________ ____ _______ _ _ 
Sh'30 _____ _____________ __ ________ _ 
Sh'30* ________ ________ ______ _____ _ 
Sh'29 _____ ____________ ____ ____ __ _ _ 
So'30 _____ ___ _______ ___ ___ ____ ___ _ 
So'29 ____________________________ _ 

Ra nge of Onset of 
Breeding Season 

8-24-35 to 10- 14-35 
9- 23-35 to 10- 15-35 
8-22-34 to 10-12-34 

10- 12-34 to 11-17-34 
8-26-34 to 10-28-34 
9-16-33 to 12-23-33 
8-19-32 to 9-25-32 
7-24-31 to 11-19-31 
8-14-30 to 9- 6-30 
9-18-30 to 10-19-30 
8-22- 30 to 10- 6- 30 
9-15-30 to 10- 17-30 
9- 12- 29 to 10- 1-29 
9- 4-30 to 9-28-30 
9- 2- 29 to 9-23-29 

*Lambs- H'34, 7 lambs; H'30, 7 lambs; Sh'30, 20 lambs. 
lSee Table 3 for deicription of ewes in each group. 

IVlean Date 
of Onset of 

Breeding 
Season 

9- 16-35 
10- 4-35 

9-12-34 
10-23-34 
9-18-34 

10- 8-33 
9- 9-32 
9- 4-31 
8-31-30 

. 10- 5- 30 
9- 11-30 

10- 4-30 
9- 22-29 
9- 9-30 
9- 17-29 

Ra nge of End of 
Breeding Season 

10-17-35 to 3- 3-36 
12- 22-35 to 1-26-36 
12- 18-34 to 5-11-35 
11-17-34 to 1-28-35 
12- 18-34 to 2-17-35 
12- 7-33 to 2- 13-34 

!\1can" Date 
of End of 
Breeding 
Season 

1-23-36 
1- 12-36 
2- 7-35 

12- 21- 34 
1-24-36 
1- 9-36 

Duration of Breeding 
Season Expressed in No. 

of Estrual Periods 
per Ewe 

(Range) (Mean) 

2-12 8 
5-9 7 

7-15 10 
1-6 4 

5-11 8 
2-9 6 

?;:j 
tt1 
en 
tt1 
;> 
::z, 
() 

ll: 
to 
c 
t"" 
t"" 
tt1 
>-l 
Z 
tv 
0\ 

""" 

...' 
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RESULTS 
Breeding Season.-The data on the beginning and end of the 

breeding season are recorded in Table 4. The breeding season for the 
purebred Hampshires began about the last week in August. The 
Hampshire lambs came in estrus later and went into anestrum earlier 
than the older ewes (data on seven lambs). The youngest and smallest 
lamb had only one estrual period. In the case of a few ewes the breeding 
season was short enough (only one or two estrual periods) to have been 
.a contributing factor to lowered fertility. The average extent of the 
breeding season for the various groups was from about 3 to 5 months. 
The range between the first estrual periods within a group extended 
from less than a month (G'3i5, H'30, Sh'29, So'30, and So'27)* to nearly 
four months (G'31). The greater ranges were shown by the grade 
ewes (G'31, G'33, and G'34) indicating their greater heterogeneity. 
However, the majority of ewes within each group came into estrus 
within the range of the length of one cycle. 

Those groups having earlier mean dates from the onset of the 
breeding season had later mean dates for the end of the breeding season. 
In other words, in groups which had longer breeding seasons, both the 
beginning and end of the breeding season were extended. 

If ewes are to be selected on their breeding ability, it is important 
to determine if individual ewes are consistent from year to year' in the 
time of onset of the breeding season. The dates for the beginning and 
end of the breeding season for individual mature ewes observed both 
in 1934-1935 and in 1935-1936 are given in Table 5. On the basis of 

TABLE S.-DATES OF BEGINNING AND END OF THE BREEDING SEASON FO R INDIVIDUAL EWES IN Two 
SUCCESSIVE YEARS. 

Ewe 

.Hampshires: 92 ___________________ _ 
107 ___________________ _ 
39 ______________ _____ _ 
lL ______________ ____ _ 
24 ______ _____________ _ 
36 _______________ ____ _ 
99 ___________________ _ 
35 ___________________ _ 
79 ___________________ _ 
18 ___________________ _ 
70 ___________________ _ 

105 ___ ________________ _ 
156 ___ ______ __________ _ 

Grades: 44- __ ________________ _ 
47 ___________________ _ 
28 ___________________ _ 
16 _____ ________ ______ _ 
41- __________________ _ 
42- __________________ _ 
43 ___________________ _ 
34- __________________ _ 

1934-1935 

Date of 
First Estrus 

8-22-34 
9- 1-34 
9- 1-34 
9- 7-34 
9- 7-34 
9- 9-34 
9- 9-34 
9-11-34 
9-11-34 
9-13-34 
9-15-34 
9-30-34 

10-12-34 

9- 8-34 
9-11-34 
9-14--34 
9-19-34 
9-22-34 
9-23-34 
9-29-34 

10-24-34 

Date of 
Last Estrus 

1-20-35 
2-14--35 
3- 4--35 
1-19-35 
1-28-35 
1-25-35 
1-24--35 
1-10-35 

12-18-34 
5-11-35 
2- 6-35 
3- 6-35 
1-22-35 

-i':2i::35 
-2::i4-=3:5 
2- 6-35 

*For explanation of group designations. see Table 3. 

1935-1936 

Date of 
First Estrus 

9-24--35 
8-30-35 
9-13-35 
8-24--35 

10-14--35 
9-23-35 
9-21-35 
9-28-35 
9-29-35 
9-26-35 
9-18-35 
8-27-35 
9-18-35 

10-15-35 
9-23-35 
9-Z5-35 

10-13-35 
10- 2-35 
9-26-35 

10- 8-35 
10-10-35 

Date of 
Last Estrus 

1- 8-36 
3- 2-36 
2-25-36 
2- 9-36 
2-19-36 
1-21-36 
2-29-36 
3- 1-36 

10-17-35 
2-28-36 
2-25-36 

12- 9-35 
3- 5-36 

-i':2i':36 
1-17-36 

12-22-35 
1-26-36 
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these data, individuals did not appear to have been particularly con
stant in the time of onset of the breeding season. However, ewes 15, 
107, and 39 for the Hampshires were consistent in their early breeding 
ability and ewe 34 of the grades was consistent in lateness of onset of 
the breeding season. 

Signs of Estrus.-The signs of estrus, in the absence of the ram, 
were quite variable and were not consistent or definite enough to be 
of diagnostic value. The ewe would often be less eager for food, stand 
apart from the others, and in some cases would search for the ram. 
Attempts to mount other females and marked restlessness, such asis 
often observed in cattle and swine, have never been observed in normal 
ewes in estrus. Congestion of the vJlva and the external flow of mucus 
were often observed but were rarely very marked and often passed 
unnoticed. 

A ewe not in estrus, when approached by the ram, occasionally 
jumped away immediately; but more often she stood and allowed the 
ram to sniff of the vulva; and then she would urinate. If not in heat, 
the ewe would move away quickly when the teasing actions started. 
The tail was often wiggled during teasing by the ewe not in heat but 
this was more often observed with ewes in estrus. 

The ram often sniffed of the urine, then raised his head, curled 
back the upper lip, and sniffed the air. The teasing actions consisted 
of striking with the fore feet and of moving the head as if the ram were 
attempting to bite or butt the side of the ewe. More active rams at
tempted to mount with little or no preliminary teasing. The ram was 
sometimes very deliberate in his teasing and often refused to attempt 
to mount until he was certain that the ewe would stand. Rams were 
sometimes able to detect ewes in late proestrus and would continue to 
follow them, although they were not receptive. On the other hand, the 
ram would be just as persistent with ewes at other times in the cycle. 
Individual rams would tease some ewes more readily than others and 
would even refuse to tease some ewes. 

The ewe in estrus would often seek out the ram and follow him 
around; in other cases a ewe would show no indications of estrus until 
teased by the ram. When teased, the ewe in estrus would stand very 
still and would refuse to move, even under very rough treatment. In 
these investigations a ewe was considered in estrus when she would 
stand and allow the ram to mount. Several teaser rams were available, 
and more than one was used to determine whether a ewe was in heat 
if the ram was slow or refused to tease the ewe. 

During the 1935-1936 season all ewes were rated for intensity of 
heat at each time they were checked. A ewe showing marked intensity 
of heat would follow the ram, would often turn her head toward the 
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ram when being teased, or would rub her head against the ram's side, 
and would ~tand still under any circumstance. Low intensity of heat 
was characterized by reluctance of the ewe to stand. She might run 
from the ram at first. In some cases the ewe would stand while being 
teased but would move away when the ram attempted to mount. In 
cases of low intensity if the ewe would finally allow the ram to mount 
satisfactorily, she was considered to be in heat. Ewes which would 
show signs of heat as described above but which would refuse to stand 
for the ram to mount were rated as showing signs of heat. The great 
majority of cases fell in the middle class where no symptoms of intense 
heat were shown, but still the ewes would stand without reluctance 
and allow the ram to mount. The ewes were extremely variable with 
respect to intensity of heat; individuals would occasionally consistently 
show low intensity, or marked intensity, of heat respectively throughout 
a period; and a few ewes were more or less constant throughout the 
season. Low intensity of heat was often noticeable at the beginning, 
or near the end of the estrual period. Longer estrual periods were not 
more intense than short ones. Seasonal changes in intensity of estrus 
were not detected. 

The manner of the beginning and end of heat was quite variable. 
In some cases a ewe would fail to show any signs of heat, and in 10 or 
15 minutes would be fully in heat. The same abruptness was observed 
at the end of heat . However, more frequently signs of estrus could be 
observed from one to three hours and longer before and after the 
estrual period. There were no indications that one end of the estrual 
period was more abrupt or gradual than the other. 

Onset of Estrus and Time of Day.-The times of the onset of the 
estrus during the 24-hour day (for groups from 1934 to 1936) have been 
arranged ·in 6-hour periods to determine if there is any relation be
tween the time of day and the onset of estrus (Table 6). 

TABLE 6.-RELATION OF TIME OF DAY T O ONSET QI" ESTRUS. 

Time of day 

Estrus (beginning during 
give n ti me) 

N u mb er P er ce nt 
-----

21 8 28.3 
170 22.05 
170 22.05 
213 27.6 

388 50.3 
383 49.7 
340 44.1 
431 55.9 

There was no appreciable difference in the number coming into 
estrus in the day or night. However, a larger numher of heat periods 
began between midnight and noon than between noon and midnight. 
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Duration of Estrus.-Data are presented for 1,235 estrual periods 
on 344 ewes (Table 7). The graphical representation of the frequency 
distribution of the total is shown in Figure 3. The durations of estrus 

30 

20 

10 

% 
ranged from 3 to 73 
hours with a mean 
of 29.33 hours. A 
range of about 9 
hours on each side 
of the mean (21-
39 hours) included 
73 % of the periods; 
92 % were included 
between 15 and 45 
hours. Periods of 
less than 24 hours 

duration were ob
served In eve r y 

group, and 18.2% 
Fig. 3.-Frequency graph showing the duration of estrus for 3H 

ewes, based on 1,235 observed periods of estrus. fell below the 21 

TABLE 7 .-DuRATION OF ESTRUS-FREQUENCIES \VITHIN GROUPS.1 
SECTION 1. 

Hours So'29 So'30 Sh ' 29 Sh'30 H'30 G'30 

3. 1- 9.0 _______________ I I 
i6 

2 -4 9 . 1-15.0 ____________ , __ 
-7 2 2 8 15.1-21.0 _______________ 3 11 7 3 6 21.1-27.0 _______________ 25 10 30 21 25 13 

27. 1-33 .0 __ ____ ______ ___ 6 9 14 13 13 33 . 1-39.0 _______________ 2 2 16 9 9 
39.1-45.0 ________ _______ 2 1 4 9 6 45 . 1-51.0 _______________ 

-i 7 6 I 51 . 1-57.0 _______ ________ 2 -Z 57 . 1-63.0 _______________ 
63.1-69.0 _______________ 2 
69 . 1-75.0 _________ ___ __ _ 

Z7 56 79 77 .56 
N ________________________ 

32 
Mean' (IlrS.) ______________ 23.0 26.4 24.2 28.2 29.4 31.3 

SECTION 2. 

G'31 

2 
20 
9 

35 
25 
25 
14 
11 
2 
2 

14.5 
29.3 

Hours G'34 G'35 H'34 H'35 R'35a R'35b 

3.1- 9.0 _______________________ 2 I I 2 3 9.1-15.0 _______________________ 2 3 I 8 7 15.1-21.0 _____________ _____ _____ 5 11 12 16 22 21.1-27.0 _______________________ 15 14 33 32 30 27.1-33.0 ___ ________ _______ _____ 36 6 59 35 26 33 . 1-39.0 _______________________ 29 4 46 21 10 39 .1-45.0 _______________________ 22 3 21 13 4 45 .1-S1.0 _______________________ 10 2 3 I 51.1-57.0 _______________________ S 1 57 .1-63.0 ____________________ ___ 
-i 63.1-69.0 _______________________ 

-i 69.1-75.0 ______ _________________ 
127 45 176 IOZ N ________________________________ 129 Mean' (hrs.) ______________________ 34.4 26.S 31.3 28.6 25.5 

IFor explanation of various groups, see Table 3. 
2Means are calculated from original data and not from the frequency distribution. 
3Frequency graph of total is shown in Fig. 3. 

3 
3 

19 
n 
II) 
6 
5 
1 

75 
25.6 

G'32 

-5 
1 

41 
7 

28 
I 

20 
2 
2 
1 
I 

109 
33.6 

Total' 

18 
75 

132 
346 
265 
207 
lOS 
62 
13 
6 
4 
2 

1235 
29.3 
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hours in duration as compared with 15.5% above 39 hours. About 
7.5 % of the periods were less than 15 hours in duration, and 
about 7.0% were above 45 hours. The distribution was clearly 
skewed, the modal group centering at 24 hours and the mean falling 
at 29.33 hours. This skewness was partly due to the fact that the 
upper limit was not restricted, as was the lower limit. Another reason 
for this particular distribution was the heterogeneity among the various 
groups included, some tending to center around 24 hours, and others 
around 30 hours. However, within these two groupings the tendency 
to skewness still existed, although to a greater extent in the one with 
the modal group centering at 24 hours. For a consideration of factors 
affecting estrus see Section III. 

Length of the Estrual Cyc1e.-The data are presented for 1,038 
estrual cycles on 299 ewes. The frequency distributions for the length 

40 

20 

10 

DAYS 8 10 24 

of the estrual cycle are given in Table 8. A 
graphical representation of the frequency dis-
tribution of the total is shown in Fig. 4. For 

the purpose of the calculation of the mean and 
for further examination of the data, the range 
has been restricted to 14 to 19 days. Those 

cycles outside of this range may reasonably be 
considered as abnormal, although there was 

probably some slight overlapping in both di
rections. The mean for the 938 cycles within 

32 40 48 56 64 

the range of 14 to 

19 days was 16.72 

days. About 68% 
Fig. 4.-Length of the estrual cycle. Frequency graph of the of th tot I ycles 

length of 1,038 estrual cycles on 299 ewes. e a c 
and 76% of those within the restricted range had durations within 15.5 
to 17.5 days. Note that cycles from 13.5 to 14.5 days were very rare 
(OJ % of the total). 

Relationship Between Duration of Estrus and Length of the Es
trual Cycle.-The correlation coefficients representing the correlation 
between the duration of estrus and the length of the preceding and suc
ceeding cycles were not significant, although both were negative 
(Table 9). Thus the length of the estrual cycle does not vary signifi
cantly with the duration of estrus. 

There were significant negative correlations between the duration 
of estrus and the preceding and succeeding intervals (Table 9). The 
interval is the time between the end of one estrus and the beginning 
of the next. 
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TABLE 8 -LENGTH OF THE ESTRUAL CYCLE IN TIlE EWE-FREQUENCIES WITHIN GROUPS,l 

G30 
G'31 

So'29 5h'29 G'32 G'34 H'34 
Days in Estrus So'30 Sh'30 H'30 G'33 G'35 H'35 R'35a R'35b Total' 

3.51- 4.50 _____ 1 1 
4.51- 5.50 _____ 3 5 
5.51- 6.50 _____ 1 -1 1 
6.51- 7.50 _____ 2 3 
7.51- 8.50 _____ -1 1 2 
8.51- 9.50 _____ -1 1 -1 -1 2 
9.51-10.50 _____ 1 4 

10.51-11.50 _____ 1 2 -1 4 
11.51-12 . 50 _____ 1 2 
12.51-13.50 _____ 

13 .51-14.50 _____ -2 2 1 1 -ii -3 4 
14.51-15.50 _____ 11 8 29 4 -7 65 
15.51-16.50 _____ 9 39 13 102 46 90 17 323 
16.51-17.50 ___ __ 4 7 8 83 54 149 49 33 387 
17.51-18.50 _____ 2 2 1 20 23 38 18 22 126 
18.51-19.50 _____ 6 8 8 4 7 33 

19 . 51-20 . 50 _____ -2 4 
20 . 51-21. 50 _____ 9 21.51-22.50 _____ 1 
22.51-23.50 _____ 

-1 -1 23.51-24.50_ . ___ 
24.51-25.50 _____ -i 25.51-26.50 _____ 

-2 1 
26 . 51-27.50 _____ 3 
27.51-28.50 _____ 1 -1 -1 -1 1 
28.51-29.50. ____ 3 
29.51-30.50 _____ 

-2 2 2 
30 . 51-31.50 _____ 3 5 
31.51-32.50 _____ 1 -1 4 -2 3 8 
32.51-33.50 _____ 4 2 -1 9 
33.51-34.50. ____ 

-1 1 1 1 4 
34.51-35.50 _____ 4 1 -i 6 
35.51-36.50 _____ 4 6 
36.51-37.50 _____ 1 -1 1 
37.51-38.50 _____ 1 
41. 51-42.50 _____ I 43 . 51-44.50 _____ I 
44.51-45.50 _____ 1 
47 . 51-48.50 _____ 

-1 -i 1 48.51-49.50 _____ 
-2 2 

50.51-51.50 _____ 
-1 2 

54.51-55.50 _____ 1 2 
62 . 51-63.50 _____ I 1 
N ________________ 

21 68 40 289 146 303 98 73 1038 

Cycles within ra nge 
of 14-19 days: N ______________ 

17 61 31 241 139 289 91 69 938 
Mean2_~ ________ 16.37 15.97 16 . 01 16.47 16 .87 16.86 17.02 17.34 16.72 

Cycles outside range 
of 14-19 days: N ______________ 4 7 9 48 7 14 7 4 100 % of TotaL ____ 19.05 10.29 22.50 16.61 4.79 4.62 7.14 5.48 9.62 

IFor explanation of various groups, see Table 3. 
%Means are calculated from original data and not from the frequency distrib ution. 
'Frequency graph of the tot.l is shown in Fig. 4. 

TABLE 9.-CORRELATION BETWEEN DURATION 
INTERVAL BETWEEN ESTRUAL PERIODS. 

OF ESTRUS AND LENGTII OF ESTRUAL CYCLE AND 

Number 
CorreIa tion of Pairs r. p. 

Between estrual period and preceding cycle ______________ ._ .. __ 522 -.074 :> .05 
Between estrual period and succeeding cycle .. ________ .... ____ .. __ 522 -.005 >.05 
Beweeen estrual period and preceding intervaL _____________ .. __ 521 - . 219 <:.01 
Between estrual period and succeeding intervaL _______________ 521 - . 320 <:.01 
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DISCUSSION 
All the data reported here were obtained from ewes with restricted 

breeding seasons. There was considerable variability in the date of 
onset and the duration of the breeding season among different ewes 
kept under identical conditions, and with the same ewes in different 
years. In spite of the individual variation the breeding season, with a 
few exceptions, began in late August or early September and ended 
in late December or January. Breed differences were not as evident as 
in the data of Cole and Miller (1935), but none of the Merino breeds 
were included here. The fact that ewes which came in estrus earlier 
in the fall also tended to go into anestrum later in the spring, may be 
significan t. 

The ewes of some breeds are capable of breeding throughout the 
year. The individual differences within breeds with restricted seasons 
would indicate that by selection for early breeding ability, strains 
could be developed which would be capable of producing earlier lambs 
than is now possible. However, as some ewes were not constant from 
year to year in the time of onset of the breeding season, progress in 
selecting for this characteristic might be slow. 

Ewes seem to be consistent with other species such as the rat and 
guinea pig in showing a tendency for the onset of estrus to occur more 
frequently dilring a particular time of day (between midnight and 
noon). However, the period of the day varies for the species. In the 
rat the majority of estrual periods began between noon and midnight 
(Hemmingsen, 1933); in the guinea pig the majority came in during 
the night (Young, et al., 1935). Hemmingsen, et al. (1935) have further 
shown in the rat that reversing daylight and darkness artificially also 
reverses the time of occurrence of estrus. 

The duration of the estrual periods for ewes observed at the Mis
souri Station appeared to be definitely shorter than those of other 
regions. Cole and Miller (1935) found that estrus was rarely less than 
24 hours in duration. In these studies reported herein over 200 periods 
were less than 21 hours in duration. Quinlan and Mare (1931) and 
Clark (1934) presented data showing the duration of estrus to range 
above 24 hours, averaging from 36 to 40 hours in duration. Grant 
(1934) found 21 of 77 periods to be less than 24 hours, but the upper 
limit in his series was much higher than for those in Missouri. The 
shorter duration of estrus found in Missouri may be partly due to breed 
differences. However, Shropshires were observed by Clark (1934) and 
Rambouillets by Cole and Miller (1935). For both breeds respectively 
the estrual periods observed in Missouri were definitely shorter. It is 
likely that the nutrition was adequate in all cases. Climatic differences 
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are a possible cause for this variation but are difficult to evaluate. 
The ewes in Missouri were teased at more frequent intervals than those 
in California, Minnesota, or South Africa; and although frequent 
teasing may possibly shorten the duration of estrus, differences between 
groups in Missouri which were teased at different intervals did not 
show such an effect. 

The length of the estrual cycle is remarkably constant, even 
among different breeds and in widely separated countries . This would 
indicate that the length of the cycl<:> is less affected by environmental 
conditions than is the duration of estrus. The percentage of cycles 
falling outside the normal range (about 14 to 19 days) was also fairly 
constant among the various reports (Table 2) and with the data re
ported here. 

The abnormal cycles have been examined in detail to determine 
their possible causes. Only 100 cycles, 9.6%, have fallen outside of 
the restricted range of 14 to 19 days. The number and percentage of 
abnormal cycles for the various groups are shown in Table 8. Observa
tional error was a possible cause of abnormality, but it was held at a 
minimum through frequent, individual checking of the ewes for estrus 
and by ruling out all cycles where there was evidence of inaccuracy. 
Only two groups were checked less frequently than four times each 24 
hours (G'32 and G'33). The percentage of abnormal cycles was high 
in these groups, especially for those with about twice the normal cycle 
length. It is impossible to say how many of these were due to ovula
tion without estrus or to undetected short estrual periods. 

Many of the cycles of abnormal length are clearly multiples of 2, 
3, or 4 times the normal length. Such cycles may be the result of the 
occurrence of ovulation at the normal time unaccompanied by estrus; 
at two operations following cycles double the normal length, corpora 
lutea approximately one cycle old (16-17 days) were found in each 
case. Ovu.lations without estrus are common at the beginning and end 
of the breeding season (Grant, 1933-1934; Cole and Miller, 1935; and 
in Section V of this paper). Ovulations without estrus may be indu.ced 
more readily artificially than ovulations with estrus (Section V). This 
may indicate that a lower level of gonad stimulation may be necessary 
for ovulation alone than for estrus and ovulation, or that a certain 
additional factor or factors may be required for the production of 
estrus. In the rat, Witschi and Pfeifer (1935) have shown that the 
luteinizing factor of the anterior pituitary may playa part in the pro
duction of estrus. In the guinea pig, Dempsey et al. (1936) present 
evidence that progesterone is concerned in the production of estrus. 
That either of these is necessary in the ewe has not been demonstrated, 
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although estrogenic hormone alone is not highly effective for the in
ductionof estrus in the ewe (Section V). The occurrence of ovulation 
without estrus could explain nearly one-half of the abnormal cycles 
observed, but further investigations into the deficiency responsible for 
the failure of estrus to accompany ovulation is necessary to explain 
fully this abnormality. 

Lambs and yearlings (H'34 and H'35)* had a higher proportion of 
abnormal cycles than the mature ewes of the same groups. Marked 
breed differences were not apparent. The Hampshires in 1934-1935 and 
1935-1936 had a lower percentage of abnormal cycles than any of the 
other groups. Abnormal cycles occurred at all times during the breed
ing season and were not bunched at anyone time of the season. 

The Hampshires, Shropshires, and Southdowns in 1929 and 1930 
were bred at each estrus; and the grades from 1930 to 1933 were bred 
part of the time. The percentage of abnormal cycles for each of these 
groups was high. Prenatal death of the embryo, regardless of its causes, 
must be considered in these particular groups as a possible cause of 
abnormal cycle lengths; and if the male was of low fertility, it is 
reasonable to suspect that the occurrence of prenatal death of the 
embryo would be greater than with normal males. This was demon
strated in swine by McKenzie and Phillips (1933). Cycles longer than 
normal, which do not fit into the range of multiple cycles, are found 
from 20 to 29 days and 38 to 44 days. The ewes were bred at the 
preceding estrus of eleven of 26 such cycles. In addition, several ewes 
were bred before abnormally long cycles which could have been classi
fied either as due to ovulation without estrus, undetected estrus, or 
to prenatal death of the embryo. One ewe in 1934 was bred once after 
6 cycles' averaging 16.6 days in length. She returned in heat after 28 
days, and again after 10 days; but the next two cycles were normal. 
This 28-day cycle might have resulted from an early prenatal death 
that had been followed by an abnormally short cycle in the process of 
readjustment to normal. In those groups in which the ewes were bred 
at each estrus (H'30, Sh'29, Sh'30, So'29, So'30),* the cycles observed 
were necessarily obtained from ewes which failed to become pregnant 
at one or more estrual periods. This selection for ewes of probable 
lower fertility may have resulted in obtaining data from ewes more 
apt to have irregular cycles. Cycles following breeding to a vasectomized 
ram were all within the normal range and were not different from those 
at which the ewes were not bred (Section III, Table 25). 

As will be shown in Section V, when the ovary with the only ripe 
follicle or fresh corpus luteum was removed during estrus, or when the 
ovary with the only corpus luteum was removed during the cycle, 

*For explanation of group designations, see Table 3 (page 11). 
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ovulation, and sometimes estrus, occurred after about 2 to 4 days. 
If this ovulation was not accompanied by estru.s, an apparent 19 to 
23 day cycle occurred. This would lead one to believe that 3 to 6 day 
cycles and 19 to 23 day cycles might result from the failure of ovulation 
and subsequent luteinization. Two cases have been observed in which 
a ewe came in estrus at the normal time and ovulation failed to take 
place. These ewes came in estrus again after 4 and 4.5 days when ovula
tionin each did occur. It seems significant that the same length of cycle 
(2-4 days) is produced by artificial prevention of ovulation by removal 
of the ovary with the only ripe follicle. Removal of the ovary with the 
only corpus luteum produces a similar cycle (Section V) indicating that 
failure of ovulation in these cases means failure of luteinization. 

Cycles shorter than the normal length may result from the early 
regression of the corpus luteum. Warbritton (1934) has presented 
cytological evidence that abnormal, early regression of the corpus 
luteum in the ewe does occur. Three cases were reported in which re
gressing corpora lutea were found at 7~, 9, and 11 days after the onset 
of estrus. Warbritton has shown that the corpus luteum in the ewe 
normally undergoes regression beginning about the fourteenth day. 

Grant (1934) found that there was no correlation between the 
duration of estrus and the preceding or subsequent cycle, but that 
there was a definite negative correlation between the preceding and 
subsequent intervals. These observations were confirmed in our study. 
Grant pointed out that the absence of any correlation between the 
duration of estrus and the cycle length indicated that estrus was able 
to vary independently within the body of a relatively constant estrual 
cycle and further that the negative correlation between the duration 
of estrus and the preceding and succeeding intervals would indicate 
that estrus expanded into both preceding and succeeding cycles. It 
seems reasonable that estrus expands into the succeeding estr.lal cycle 
(the cycle in which it is included) without affecting the length of the 
cycle. This would explain the negative correlation between the dura
tion of estrus and the length of the succeeding interval. However, the 
negative correlation between the duration of estrus and the length of 
the preceding interval might be explained, at least in part, on another 
basis. It will be shown in Section III that individual ewes tend to have 
estrual periods which are more or less constant in duration. Thus if 
one estrus was long or short the preceding period would also tend to 
be likewise, and with a relatively constant estrual cycle the preceding 
interval would also be shorter or longer respectively. Thus a long 
estrus might be preceded by a short interval because the latter was 
also preceded by a long estrus. 



24 MISSOURI AGRICULTURAL EXPERIMENT STATION 

Section II.---Ovulation and Ovarian Changes 
In the previous section estrus was described and measured. The 

objects of the experiments herein reported are: (1) to follow the gross 
changes in the ovary during estrus; and (2) to determine the time and 
rate of ovulation and their relation to other estrual phenomena. 

REvmw OF LITERATURE 

Direct observations of ovulation in the living mammal were first 
made by Walton and Hammond (1928) on the rabbit. They described 
the changes from about 9 hours after copulation beginning with the 
gradual formation of the macula pellucida at the apex of the follicle. 
The whole follicle enlarged and protruded more markedly and there 
was an increase in the congestion of the blood vessels. The macula 
pellucida was blown out as a pimple which ruptured to the surface. 
They state that the liquor folliculi does not squirt from the follicle 
but flows steadily for some little time followed by a partial collapse of 
the follicle and apparent clotting of the liquor folliculi. They conclJde 
that the cause of rupture is the rapid distention of the follicle by 
marked secretory activity. 

Observations on ovulation in the rabbit have been made later by 
other investigators. Kelly (1931) observed only one case. Hill et al. 
(1935) presented pictures and observations showing the process of 
ovulation to be explosive in nature. Markee and Hinsey (1936) have 
studied ovulation in the living rabbit and have made a histological 
study of the newly ruptured follicle. They described the formation of 
the avascular spot on the surface of the follicle and further showed that 
the portion of the ovarian wall which forms the stigma is actually 
removed when rupture starts. 

Ovulation in the ewe, to be reported here, was first observed in 
1933, and a preliminary report was made by McKenzie, et al. (1933). 
The process of ovulation was described by motion pictures and colored 
slides by McKenzie and Terrill (1935). 

Ivanow (1913) seems to have been the first to make an extensive 
study of the time of ovulation in the ewe. He concluded that in the 
majority of cases ovulation in the ewe is observed 24 hours after the 
onset of estrus. He found that mating within a few hours after the 
onset of heat did not induce ovulation within 8 hours. He also demon
strated that conception WOJld occur in only a few cases with ewes 
served after the end of heat. Quinlan and Mare (1931) killed six ewes 
during estrus and reported that ovulation in the Merino ewe rarely 
took place before the 36th to the 40th hour of estrus and that the 
duration of estrus appeared to depend on the time of rupture of the 
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follicle. The average duration of estrus for their ewes was about 4;) 
hours. Cole and Miller (1932a) and (1935) found that ovulation occurs 
rather uniformly between the twenty-second and thirtieth hours of 
estrus. Grant (1934) killed five ewes during estrus at 1, 6, 8, 18, and 
24 hours after its commencement; and only the one killed at 18 hours 
had ovulated. Green and 'Winters (1935) found that five ewes killed at 
8, 12, 22,Yz, 25,Yz, and 27,Yz hours after onset of estrus had not ovulated 
while one ewe killed at 28 hours and five ewes killed after the end of 
estr.Js had all ovulated, Polovzeva and Fomenko (1933) observed 
ovulation between stages II (appearance of cornified cells in vaginal 
smear) and III (only cornified cells in the vaginal smear) and rarely 
later. 

Other species are different from the ewe, however, in the time ot 
ovulation with respect to the duration of estrus. In the rat, Long and 
Evans (1922) have shown that the female accepts the male for a period 
of 9 to 12 hours beginning shortly before the appearance of the cornified 
smear and that ovulation occurs 18 to 30 hours after the first appear
ance of cornified cells. Hemmingsen (1933) found the receptivity of 
the female might be more variable with respect to the presence of the 
cornified smear. Young, et al. (1933) with the guinea pig, found that 
ovulation appeared to occur within an hour of the end of estrus irre
spective of the length of the estrual period. Lewis (1911) found ruptured 
follicles about 30 to 45 hours after the onset of estrus in sows which 
normally remained in estrus for 2 to 3 days. Corner and Amsbaugh 
(1917) found ovulation Oil the first of the second day. Work at the 
Missouri Station by McKenzie and Terrill (1935) has led to the con
clusion that ovulation occurs around 30 to 40 hours after the onset of 
estrus in sows which remain in estrus on an average of about 3 days. 
In the cow ovulation usually takes place sometime after the end of 
estrus which is normally less than 24 hours in duration. Ovulation in 
the cow has been reported to take place from 24 to 52 hours after the 
onset of estrus by McNutt (1926), 30 to 65 hours by Zupp (1926), 24 
to 48 hours by Hammond (1927), and from 33 to 36 hours by Mirskaia 
and Beschlebnowa (reported by Neumann, 1936). In the mare ovula
tion usually occurs about one or two days before the end of estrus 
irrespective of the duration of estrus which averages abotlt 6 days, 
Aitken (1927), Satoh and Hoshi (1933), Hammond (1934), and Mirs
kaia (1935), and unpublished Missouri data. Hammond (1934) has 
further shown that estrus ceases in less than two days after the arti
ficial rupture of the follicle. 

Changes in the ovary of the ewe during the estrual cycle have been 
jescribed by Kupfer (1928), Quinlan and Mare (1931), Casida and Mc-
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Kenzie (1932), Grant (1934), and Cole and Miller (1935). Grant (1934) 
describes a distinct pre-ovulation phase of follicular swelling in the 
ewe beginning at about the onset of estrus. He gives the most com
mon dimension of the follicle at the time of oVJlation as 9-10 mm. with 
a variation from S.5 to 15-1S mm. Quinlan and Mare (1931) found 
that ovulation may occur successively in the same ovary or alternate 
between ovaries. Double ovulations may occur in the same ovary or 
one in each ovary. The cytology of the corpus luteum during the 
estrual cycle was reported by Warbritton (1934). She found the stage 
of formation extending through the first 4 days after the beginning of 
estrus; mature corpora lutea were found between the fifth and four
teenth days and retrogressing corpora lutea after the fourteenth day. 

Thirty-four ova have been recovered from Shropshire and grade 
Shropshire ewes at the Missouri Station (McKenzie and Allen, 1933, 
and Allen, McKenzie, Kennedy and Beare, 1931)* at different time 
intervals following the onset of estrus (Figs. 4a and 4b). Fifteen of 
these ova were evidently not fertilized and showed some signs of de
generation. The balance, or nineteen, varied from one-cell ova re
covered soon after ovulation to an inner cell mass taken twelve days 
after the onset of estrus, or eleven days from breeding. This work is 
referred to here in order to aid in orienting the reader with respect to 
the early development in this species, partiClllarly in its relation to 
estrus and ovulation. Note that segmenting ova were found in the 
tubes till the end of the fourth day after the beginning of estrus, and 
after that in the uterus. 

MATERIAL AND METHODS 
A total of 219 laparotomies were performed during and following 

estrus on ewes under local anesthesia to observe the rupture of the 
ovarian follicle and other changes. Care was taken to prevent undue 
exposure of the ovaries, and observations on individuals extended from 
a few minutes up to 12 hours or longer. Observations were made with 
the naked eye and with a binocular dissecting microscope. The animals 
used included 11 grade Hampshire ewes during 1933-1934, 27 closely
related purebred Hampshire ewes during 1934-1935 (pictures of repre
sentative animals are shown in Figure 5), and 6 purebred Hampshire 
ewes and 30 high-grade Rambouillet ewes during 1935-1936. These 
ewes were all included under Section 1. Detailed notes and measure
ments were made of ovaries, follicles, and corpora lutea at each laparo
tomy. Motion pictures and still and colored photographs were taken 
showing the changes in the follicle preceding, during, and following 
ovulation. 

*Acknowledgment is made here of the collaboration in this phase of the work of Dr. Edgar Allen 
Anatomy Department, Yale University, and Dr. John Kennedy, United States Navy. ' 
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The estrus-ovulation interval or preovulatory period was taken as 
the time from the onset of estrus until ovulation was observed or to 
the mid-point of the interval during which ovulation was found to 
occur. If more than one follicle ruptured, the average time was taken. 

The ovulation rate was recorded for the current estrus and the 
preceding estrus. Corpora lutea approximately one cycle old could 
be detected with little difficulty. 

Fig. 5.-Representative Hampshire ewes used in observing estrus and ovulation during the 
season 1934-1935. 

The term ovulation in its broader sense refers to the maturation 
changes of the ovum and follicle and the discharge of the ovum from 
the follicle. The term ovulation is used more specifically in these 
studies to refer to the rupture of the ovarian follicle allowing the re
lease of the ovum. 

RESULTS 

Process of Ovulation.-The ovaries were first observed from 15 to 
35 hours after the onset of estrus, in most cases several hours before 
ovulation. At this time ripe follicles varied from 4 to 10 mm. in diam
eter at the surface of the ovary and were not markedly distended. The 
surface of the follicle was smooth and convex and followed the contour 
of the ovary. The mature follicle was straw-pink in color and usually 
appeared darker and more vascular than the other follicles. At 4 hours 
or longer before ovulation it was often difficult, if not impossible, to 
distinguish the ripe follicle (the follicle which is to rupture) from other 
follicles in the ovary. A network of tiny blood vessels extended over 
the surface of the follicle but followed no definite pattern. Illustra
tions of the follicle at various stages are shown in Figure 6 and Plate 1. 

Conspicuous external changes in the development of the follicle 
prior to ovulation were confined to less than 4 hours. The follicle 
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gradually swelled out from the surface of the ovary, increased in height 
more than in diameter, and became conical in shape. The extent to 
which the follicle swelled out was variable. Some follicles at the time 
of rupture barely protruded above the surface of the ovary while others 
protruded as much as 8 mm. above the surface. As the follicle swelled 
out, the membranes over the surface became thinner and more trans
parent. About an hour before rupture, a small round area, usually 
near the center or peak of the follicle, became very clear and transparent. 
This "clear area," as it has been called, first appeared as a mere point 
and gradually increased in height and diameter. In most cases, a few 
minutes before rupture one or more tiny cones or projections (usually 
only one), often from 1 to 3 mm in height, swelled out from this clear 
area. The break occurred at the apex of the cone, and the follicular 
fluid flowed from the rupture point. A gradual collapse of the follicle 
followed. 

The liquor folliculi which flowed away appeared to be free from 
blood in some cases. Bleeding occurred if the point of ruptclre involved 
a blood vessel, and bleeding from within the follicle following rupture 
usually occurred. In some cases bleeding within the follicle was ob
served just before rupture. The extruded material was thin at first 
but became viscous within 2 to 3 minutes after ovulation and could be 
drawn out in strands 8 to 12 mm long. A gelatinous plug, usually blood 
streaked, formed at the rupture point (Fig. 6D). 

In 6 of 36 cases viewed rupture occurred with a decided spurt. 
However, only a small part of the contents of the follicle was removed 
with the initial spurt; and the liquor folliculi continued to flow for 
several seconds, even up to a minute or longer. In many cases an 
initial spurt was not observed, and it seems likely that, at least part 
of the time the rupture of the follicle may occur without a spurt of 
sufficient extent to be observed by the naked eye. In those cases where 
a spurt occurred at the instant of rupture, the possibility of external 
tension on the ovary caused by bringing and holding it in view could 
not be entirely excluded, although every effort was made to keep ex
ternal tension or pressure at a minimum. 

The fresh corpus l.rteum retained much the same shape as the 
follicle, but it was usually smaller and more or less collapsed. It had 
a bright red color due to the contained blood, but in some cases it 
became darker within an hour or longer after rupture. 

Time of Ovulation.-Follicles were actually observed at the time 
of rupture in 36 cases. Including these, the preovulatory period was 
determined within rather narrow limits in 79 estrual periods. The 
mean lengths of the preovulatory period for the various groups are 
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Fig.6.-Views of Ovaries (Sheep), Before and After Ovulation. (The scale is in cm. and inches. \ 

A. Two hours before ovulation. Note f :: Ilicle is beginning to protrude. 

B. Seventeen minutes before ovulation. Note marked protrusion of folltcle. 

C. Same ovary shown in B, 27 minutes after ovulation. Note opaque corpus luteum on edge of 
ruler (profile view). 

D. Same ovary shown in Band C, 28 minutes after ovulation (front vie\v). Note opaque gela
tinous plug on t he surface of the fresh corpus luteum. (Retouched Photograph.) 
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given in Table 10. In the mature Hampshire ewes a range of about 6 
hours on each side of the mean (24 to 36 hours) included 88% of the 
cases. However, due to the limited possibilities of observation, the 
more . extreme cases were missed. Ovulation has occurred as early as 
12 hours and later than 41 hours after the onset of estrus. 

It was attempted to determine the time of ovulation with reference 
to the end of estrus. Forty-seven cases could not be classified on this 
basis. Of 120 cases of ewes in estrus before the operation (the duration 
of the operation ranged from less than an hour to 12 hours or more} 
and out of estrus immediately after the operation, 38 had already 
ovulated at the first observation; in 65, ovulation occurred during the 
time of observation; and 17 had not yet ovulated when observa
tions ceased. 

In 19 cases the ewes were still in estrus following the operation. 
Of these, 9 remained in estrus from 1.5 to 11 hours after ovulation was 
known to have taken place, that is, after observation of either fresh 
corpora lutea or of ovulation. In the other 10 cases observations had 
ceased before ovulation occurred. 

In 33 cases ewes were operated on within a short time (1 to 5 hours 
or less) after the end of estrus. In all of these cases the operations were 
performed after the end of estrus because the ewes went out of estrus 
earlier than anticipated. These would be expected to give different 
results than if a random sample of ewes were observed after the end 
of estrus. Of these 33 cases 19 had fresh corpora lutea on their ovaries 
when they were first observed. Fourteen had not yet ovulated, of 
which 10 did· ovulate within 1 to 6 hours after the end of estrus. The 
other 4 cases for various reasons were not followed further than the 
initial observation. 

TABLE lO.-TIME OF OVULATION WITH RESPECT TO THE ONSET OF ESTRUS. 

Group 

G' 33 ____________________________________ _ 
H' 34* ___________________________________ _ 

I{;~~a~~~_~~~!:~:::::::::::::::::::::::::: R'35b ___________________________________ _ 

No. of Estrual 
Periods with 

Timed Ovulations 

7 
40 
6 

13 
13 

*Observations listed under this group were made only on mature ewes. 

Pre-Ovulatory Period 

Range Mean 

(hrs.) 
25-37 
23-39 
22-26 
19-33 
12-28 

(hr •. ) 
31.5 
30.4 
24.0 
25.69 
21.46 

tObservations lioted under tbis group were made only on lambs and yearling ewes. 

From the above data it would appear that the time of ovulation 
is more variable in relation to the beginning of estrus than the end. 
If the mean lengths of the preovulatory period are compared with the 
mean durations of estrus for respective groups (Tables 10 and 7), it is 
seen that the mean preovulatory period is similar to or slightly shorter 
than the mean duration of estrus. This is in part due to the method of 
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calculation, whereby in any given estrus the preovulatory period is 
always less than the duration of estrus if the ewe is in estrus before 
the operation and out after the operation. The above data on the 
relation of the time of ovulation to the end of estrus indicate that in 
the majority of cases ovulation occurs before the end of estrus, al
though it may take place several hours before, or several hours after, 
the end of estrus. 

If ovulation always occurs near the end of estrus, there should be 
a definite positive correlation between the preovulatory period and the 
duration of estrus. Correlations cannot be made between the pre
ovulatory period and the duration of estrus in which a particular 
ovulation occurs, as the majority of ewes are in estrus before the 
operation and out of estrus after the operation. Ovulations observed 
during such operations would obviously terminate preovulatory periods 
that would be shorter than the duration of the estrus, because the end 
of estrus is always taken as the time that the ewe is first found by 
teasing with a ram not to be in estrus. 

The duration of estrus was shortened only slightly by the opera
tion. The mean duration of estrus at which operations were performed 
was slightly, but not significan tly shorter, than that of the same ewes 
when there was no operation. (Table 11). This possible shortening 
effect of the operations on the duration of estrus may have been mini
mized by the practice of beginning each operation only very shortly 
before the expected time of ovulation for the individual ewe, as judged 
by her past record. This time was also only slightly before the ex
pected end of estrus. 

TABLE 11.-EFFECT OF SURGICAL OPERATIONS DURING ESTRUS ON THE DURATION OF ESTRUS. 

Operated Estrual Periods __________________ _ 
Non-operated Estrual Periods ______________ _ 

N 

61 
94 

H'34 

Mean 

(hr •. ) 
30.8 
31.7 

R'3Sa and R'35b 

N 

3S 
132 

Mean 

(hrs.) 
24.9 
26.1 

Each individual has a characteristic duration of estrus and a 
characteristic preovulatory period (Section III); therefore, if the pre
ovulatory period is correlated with the duration of estrus, then the 
mean preovulatory period for each individual should show a definite 
positive correlation with the mean duration of estrus for each indi
vidual. This was true as is shown in Table 12. However, the correla
tions within groups were not significant, but only a few pairs of means 
were available. 

To determine if this association was present in individual estrual 
periods the correlation between the preovulatory period and the 
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duration of the preceding or subsequent estrus at which there was no 
operation was determined. This correlation was barely significant in 
one of the two groups. 

When the correlations were made for the combined groups (Table 
12), the correlation coefficients were much larger and were each highly 
significant. This was due to the shorter preovulatory period and cor
respondingly shorter duration of estrus for the RamboLl.illets as com
pared with the Hampshires. 
TABLE 12.-CORRELATIONS BETWEEN THE PREOVULATORY PERIOD AN"D TifE DURATION OF F.STR1J~ 

Group 

R'35a and b . • •••• 

H'34 .... __ •.. __ .. 
TotaL .....•. 

Mean preovulatory period and 
mean duration of estrus 

No. of 
Pairs p 

+732. Between 
.05 & .02 

13 +.448 .1 
20 +.901 <1.01 

Preovlllatory period and duration 
of preceding or subsequent estrus* 

No. of 
Pairs P ----

28 +.191 . It 
39 + . 304 .05 
67 +.511 <'01 

*In these correlations no estrual periods at which there were operations were used. 
tApproximately. 

The preovulatory period was definitely associated with the dura
tion of estrus when compared between breed groups or age groups 
(Section III), but that this same association held within individuals 
could not be determined with certainty by the methods used. 

The time interval was determined between ovulations when more 
than one follicle ruptured at one estrus. This time was obtained in 
the case of 9 twin ovulations ranging from 0.37 to 7.30 hOJ.rs with a 
mean of 1.73 hours between each ovulation in twin ovulations. 

Ovulation Rate.-The ovulation rates for the various groups are 
given in Table 13. Ovulation rates higher than three were not ob. 
served. Only three cases of triplet ovulations were observed, all in the 
mature Hampshire ewes. The Hampshires had a distinctly higher 
ovulation rate than the Rambouillets. Differences due to age in the 
Hampshires and to plane of nutrition in the Rambouillets will be dis
cussed in Section III. 

TABLE 13.-THE RATE OF OVULATION PER ESTRUS. 

Group 

Hampshire mature ewes ________________ _ 
Hampshire 'lambs and yearlings __________ _ 
Rambouillet ewes ______________________ _ 
Rambouillet ewes. _____________________ _ 

Year 

1934-35 
1934-36 
1935a 
1935b 

No. of 
Periods 

149 
43 
65 
52 

No. of Corpora Lute. 

Range Aver. 

1-3 1.52 
1-2 J. 21 
1-2 1.14 
1-2 1.04 

The duration of estrus, length of the estrual cycle, and preovu
latory period have been classified according to whether one or two 
follicles ruptured, for data from mature Hampshire ewes in 1934. 
Summaries are given in Table 14. There was no difference in the 
length of the estrual cycle or the duration of estrus whether one follicle 
ruptured or two; however, the preovulatory period was definitely longer 
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when two follicles ruptured than when only one follicle ruptured, 
although the numbers are few. 

TABLE 14.-EFFECT OF OVULATION RATE ON ESTRUS AND OVULATION. 

Length of Length of 
Preceding Following Duration Preovulatory 

Ovulation per Estrual Estrual Cycle Estrual Cycle of Estrus Period 
Period 

Mean Mean Mean Mean 
N (days) N (days) N (hrs.) N (hra.) 

L ___________________ 
65 16.77 56 16.90 55 32.10 16 27.91 2. ___________________ 52 16.86 66 16.72 51 32.69 23 31. 90 

Ovarian Changes.-During the course of performing successive 
operations on the same ewe and operations on a large number of ewes, 
some data were collected on ovarian changes which will be presented 
here. Measurements of ovaries were taken of the length from pole to 
pole, the width from the attachments to the outer edge, and the width 
at right angles to this measu.rement. Notes were made on the appear
ance of each ovary and the number, diameter, and appearance of all 
follicles and corpora lute a present. 

There was much variation in ovarian size. Weights of only five 
ovaries were taken, ranging from 1.9 to 4.0 grams. The size of ovaries 
measured in ewes at the time of operation varied from about 10 by 5 
by 5 mm up to 30 by 20 by 15 mm. The ovaries of mature ewes were 
larger than those of lambs and yearlings. There were no significant 
trends in the changes of size of the ovaries during the season. There 
was more often an increase in size than a decrease as the season pro
gressed, but the majority showed no definite change. 

The number of small follicles on the surface of the ovary ranged 
from none up to 20 or 30 on one ovary. These small follicles were 
usually 1 to 2 mm up to 3 to 5 mm in diameter. The number of small 
follicles present was quite variable, although some ewes had consist
ently more than others. There was a tendency for the number of small 
follicles to decrease toward the end of the breeding season. 

Differences in the function of the right and left ovaries are of in
terest, although probably of little practical significance. Ovulation 
occurred more often in the right ovary, 230 times as compared with 
179 ovulations in the left ovary. Double ovulations occurred slightly 
more times (46) in the same ovary than in different ovaries (40). There 
was no definite pattern for the order of ovulation between the two 
ovaries. In no case in anyone animal were all of the ovulations con
fined to one ovary. Ovulation was found to occur in the same ovary 
for as many as five consecutive periods, although during this time 
ovulation also occured in the other ovary. In no case was alternation 
from the right to the left ovary at each successive period observed for 
more than three estrual periods. 
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DISCUSSION 

The process of ovulation as described for the ewe is similar to that 
observed in the rabbit by other investigators. The mature follicle 
swelled out, and a clear avascular area formed from which a tiny cone 
or pimple protruded. Rupture occurred from this tiny cone, and the 
liquor folliculi containing the ovum flowed away. 

The formation of the clear area, macula pellucida, or avascular 
area, as it has been variously termed, was described somewhat dif
ferently by other investigators. Walton and Hammond (1928) stated 
that the first sign of approaching ovulation was the gradual formation 
of the macula pellucida at the apex of the follicle, formed possibly by 
increase in internal pressure, cutting off the blood supply in this area. 
Hinsey (1936) stated that avascular spots appeared before the papilla 
protruded noticeably above the surface, thus before there was any 
considerable stretching of the ovarian wall. He further stated that 
its formation might be explained either by local pressure upon the 
vessels or a vasoconstriction of the vessels in that region. In the ewe 
this clear area first appeared about an hour before rupture and after 
the follicle was somewhat distended. The clear area was characterized 
not only by its lack of vascularity, but also by its thinness and trans
parency. The fact that it appeared gradually would indicate that it 
was brought about by a stretching process, possibly caused by an in
crease in intra-follicular pressure too rapid to be accommodated by 
growth of the follicle walls. This stretching process may act by parting 
the follicle wall (theca and granulosa) near the apex of the follicle 
where the external resistance may be lowest, leaving only the thin 
outer ovarian membrane over the clear area. This view is supported 
by two observed cases in which, shortly before the time of rupture, 
the inner layers of the follicle wall fell away from the apex of the follicle 
giving it the appearance of an ey!!: the opening through the theca and 
granulosa representing the pupil, the outer ovarian membrane, the 
cornea, and the portions of the theca and grancllosa which had fallen 
away from the outer membrane, representing the iris. This parting of 
the inner follicle walls to form the clear area may explain the change 
in the wall of the ovary so that the portion of it which forms the stigma 
is actually removed when rupture starts, as described by Hinsey (1936). 
Histological studies are being made to clarify these points and will be 
reported later. 

Rupture of the follicle in the ewe ovary was found to OCC.1r with a 
spurt in some cases, which was contrary to the observations of Walton 
and Hammond (1928). In other cases of ovulation in the ewe, the 
break of the follicular wall was not accompanied by a spurt of sufficien t 
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extent to be observed by the naked eye. Hill et al (1935) found the 
process of ovulation to be explosive in nature, which was also contrary 
to the observations of Walton and Hammond (1928) who described 
the rupture as gradual like the rupture of a boil. The differences in 
the reports of Walton and Hammond, and Hill et al are possibly due 
to the method of observation, as it is reasonable to expect that the 
motion picture camera could record changes that might be missed by 
the eye. The observations in the ewe based on a large number of cases 
indicate that the manner of rupture is variable being more explosive 
in some cases than in others. 

Observations on the time of ovulation in the ewe made by I vanow 
(1913), Quinlan and Mare (1931), Grant (1934), Cole and Miller 
(1932a, 1935), and Green and Winters (1935) indicated that the pre
ovulatory period was much less variable than was found to be the 
case in these studies. With the exception of Ivanow, only a fewobser
vations were made by each of the above investigators, and in no case 
was ovulation actually observed. Grant's statement that ovulation 
occurred 12 to 24 hours before the end of heat was not confirmed, al
thou.gh such occurrences were possible in exceptional cases. 

Ovulation or changes coincident with ovulation seem to result in 
the termination of estrus near the time of ovulation. This may be due 
to the cessation of the production of estrogenic hormone at the time 
of rupture, but it is more reasonable to expect that the production of 
estrogenic hormone should cease sometime before the end of estrus. 
This is based, however, on the fact that ewes remain in estrus for many 
hours after the last injection of estrogenic hormone (Section V), which 
is hardly comparable to the more efficient mechanism possible in the 
normal animal. Experiments by Hammond (1935) indicate that the 
cessation of estrus following ovulation (in the mare) is not the result 
of changes in gonad stimulation or in some extra-follicular factor. He 
found that if the mature follicle in the mare ovary was ruptured arti
ncially, that estrus would end after about one day, which was similar 
to the time of the end of estrus after a normal ovulation. Ewes may 
remain in estrus for 8 to 16 hours after the removal of the ovary with 
the only mature follicle (Section V). No evidence is presented as to 
whether the estrogenic hormone is produced alone by the mature 
follicle. The relation between follicular maturation and ovulation with 
the production of estrus cannot be understood until more is known of 
the specific hormones and time relationships necessary for the pro
duction of each of these events. 

The fact that the preovulatory period was longer when two follicles 
ruptured than when only one follicle ruptured with no difference in 
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the duration of estrus is difficult to explain. In the first place the num
bers are too small to allow definite conclusions. The beginning of 
estrus may take place earlier in relation to the time of ovulation when 
two mature follicles are present. In these cases, however, the duration 
of estrus would be expected to be longer, which is not true. This may 
indicate tr.at ovulation and estrus are produced independently. 
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Section III.---Factors Affecting Estrus and 

Ovulation 

REVIEW OF LITERATURE 

37 

Reports on factors influencing reproductive behavior in the ewe 
have been largely confined to those influencing the lambing rate. In
vestigations on the occurrence of estrus have usually included variable 
factors such as breed, age, or season. Because of the detailed nature 
of the reports, the literature will be reviewed with emphasis on the 
various factors under consideration rather than on the particular 
investigations. , 

Breed differences in estrual cycle length were not found by McKen
zie and Phillips (1930) nor by Grant (1934). Roux (1936) found 
differences among crossbreds in estrual cycle length which were 
considered to be due to genetic factors. Differences ,among breeds 
in the duration of estrus are more evident. Hampshire ewes had sig
nificantly longer periods (mean = 30.7 hours) than Shropshire or South
down ewes (mean = 26.3 and 24.0 hours respectively), McKenzie and 
Phillips (1930). Mean durations of estrus of 35 hours or greater were 
reported for Cheviot ewes (Grant, 1934), Merino ewes (Quinlan and 
Mare, 1931), and Rambouillet ewes (Cole and Miller, 1932a) which 
might indicate that these breeds have longer heat periods. No data 
are available on the variation of the preovulatory period among breeds. 
Reports on variations in ovulation rate among breeds have been 
drawn largely from lambing records with the exception of Clark's 
(1934) who examined the ovaries of 40 ewes for corpora lutea at the 
time of slaughter, and found a lower ovulation rate with grade Merino 
ewes than with Shropshire ewes. Breed differences in lambing rate 
have been reported by Heape (1899), Carlyle and McConnell (1902), 
Marshall and Potts (1924), Nichols (1926), and Berliner (1934). 

Reports on the effect of age on reproduction in the ewe are also 
largely confined to the effect on lambing rate. In general, an increase 
in lambing rate with age was found up to 3 to 6 years, the maximum 
usually being reached at 5 or 6 years. After 5 or 6 years there was a 
tendency for the lambing rate to decrease. Reports to this effect have 
been made by Carlyle and McConnell (1902), Humphrey and Klein
heinz (1907), Bell (1912), Pearl (1913), Jones and Rouse (1920), Roberts 
(1921), Marshall and Potts (1924), Nichols (1924, 1926), Wreidt (1925), 
Bowstead (1930), Johansson (1932), Nikoljskii (1933), Berliner (1934), 
Langlet (1934), and Smirnov (1935). Pearl (1913) reports an excep
tional case of a single ewe giving birth to twins and triplets each year 
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between the ages of 3 and 15 years. Bowstead (1930) found that ewes 
bred first as lambs produce a greater n'.1mber of lambs at 2 and 3 years 
of age than ewes of the same age bred first as yearlings. This indicates 
that changes with age leading to increased fecundity were enhanced by 
pregnancy. The duration of estrus was longer for yearlings than for 
lambs, McKenzie and Phillips (1930). Age differences in the duration 
of estrus were not found by Grant (1934). Terrill (1935) found both 
the duration of estrus and the preovulatory period to be longer for 
mature ewes than for lambs. Age effects on the estrual cycle in the 
ewe have not been reported. 

Individual differences of ewes in reproductive behavior have long 
been noted. Marshall (1905, 1908) believed that twinning was an in
dividual trait and found that certain ewes bore twins each year regard
less of how they were fed. Chapman (1935) presented analyses showing 
marked individual variation of estrus and the estrual cycle in the ewe. 
Similar individual variations were reported by Terrill (1935); and in 
addition, individual variations in the preovulatory period and rate of 
ovo.lation were found. Smirnov (1935) found that ewes having single 
lambs at the first lambing were less fertile than those having multiple 
births at the first lambing indicating that individual differences are 
constant from year to year. 

Seasonal changes include changes during the course of the breed
ing se-ason, whether directly referrable to climatic factors or not. Grant 
(1934) found the first estrus of the season tended to be shorter than 
succeeding periods and noted a tendency in some ewes for the duration 
of estrus to increase to a peak value in the middle of the breeding season 
and to decline thereafter. Grant (1933) had earlier noted that the first 
estrus of the season was preceded by one or more cycles of ovulation 
which were unaccompanied by estrus. Cole and Miller (1935) con
firmed these observations and found a similar situation following the 
close of the breeding season. Roux (1936) reported the occurrence of 
spurious ovulations during anestrum. Elpatjevski (1934) found a reduc
tion in the number of ewes coming in estrus in wet, cold, or stormy 
weather. Similar effects were not found by Grant (1934) . The change 
from a dry to a humid climate resulted in a reduction in the num
ber of estrual cycles experienced (Roux, 1936). It has been a common 
observation that a higher number of multiple births occur early in the 
lambing season. This view is supported by the work of Heape (1899)~ 
Carlyle and McConnell (1902), Marshall (1905, 1908a, 1908b), Roberts 
(1921), Marshall and Potts (1924), White and Roberts (1927), Johans
son (1932), and Nikoljskii (1933). A tendency for the number of corpora 
lute a in the ovaries of slaughtered ewes to decrease late in the breeding 
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season was noted by Grant (1934), but Clark (1934) did not find such 
differences. 

Marshall (1903) demonstrated that sheep ovulate independently 
of coitus. There remained the possibility, however, that copulation 
might affect either the preovulatory period or the duration of estrus. 
Ivanow (1913) found that mating a few hours after the onset of heat 
would not induce ovulation within 8 hours, but he did not make ob
servations later in the period. Grant (1934) could distinguish no dif
ferences in duration of estrus or cycle periodicity which could be attribut
ed to copulation. Terrill (1935) reported that sterile copulation tended 
to shorten the duration of estrus but had no effect on the length of the 
estrual cycle, preovulatory period, or rate of ovulation. Young, Demp
sey, and Myers (1935) found in the guinea pig that copulation at times 
tended to shorten the estrus. In some females they found no effect at 
all; in others there was a refractory period followed by the normal 
estrual response, or the female went out of heat immediately and did 
not return. Their data so far indicated that the preovulatory period 
was not affected by copulation. 

Heape (1899) and Marshall (1903, 1905, 1908a, 1908b) believed 
that better feeding hastened the breeding season and also increased 
the number of multiple births. This practice of increasing the amount 
or quality of the feed before and during the breeding season is known 
as flushing. Bell (1912) observed that the twin bearing ewes were those 
that had increased in weight during the mating season. Marshall and 
Potts (1924) conducted experiments to test the advantages of flushing. 
They found by comparison of flushed and unflushed lots that there was 
an average increase of 18.7 lambs per 100 ewes obtained as a result of 
flushing. They believed that ewes should gain at least 7 pounds a head 
during the breeding season but found no decided advantage as to the 
kind of feed used. They indicated that breeds having a larger propor
tion of twin births could be expected to give larger returns from flush
ing. The average date of first service was the same for both flushed 
and unflushed lots indicating that the onset of the breeding season was 
not hastened by flushing. 

Nichols (1924, 1926a, 1926b) presented further evidence in support 
of flushing but found no effect when the flocks were continually kept 
in high condition. This was confirmed by Clark (1934). Okulicev 
(1934) found that flushing had a good influence by reducing the per
centage of barren ewes and raising the percentage of multiple births. 
There was also a reduction in the percentage of still births and in the 
death rate of new born lambs. Langlet (1934) obtained a correlation 
between fertility of sheep and the average rainfall during the period of 
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8 weeks prior to lambing. Quinlan and Mare (1931) found a reduced 
number of ewes coming in estrus following a drought. These two re
sults can probably be attributed to nutritional differences. Darlow 
and Hawkins (1932, 1933) found a reduced number of ewes coming 
in heat and decreased possibilities of conception of ewes on a low 
plane of nutrition. All rations which could be considered as satisfactory 
winter rations gave good results during the breeding season. Roux 
(1936) found a decline of sexual activity of Merino ewes on low level 
rations after 19-24 months, and also a reduction in length of the breed
mg season. 

Reports in the literature bearing on variations in estrus and ovula
tion with numerous factors have been reviewed. Breed and individual 
variations and the effect of age, season, copulation, and plane of nutri
tion have been noted. In general reports have been confined to varia
tions in lambing rate. 

MATERIAL AND METHODS 
In Sections I and II data have been presented on the limits and 

duration of the breeding season, duration of estrus, length of the estrual 
cycle, preovulatory period, and rate of ovulation. In this section 
these data will be analyzed to determine how the various events of 
estrus and ovulation may vary with the factors mentioned above. 

In addition specific experiments on sterile copulation and plane 
of nutrition were planned and the material and methods for these will 
be given under these respective headings. Studies of analysis of vari
ance and simple correlation were used, where appropriate, in the statis
tical treatment of the data (Fisher, 1934; Scedecor, 1934). Length of 
cycles outside of the range of 14 to 19 days were not used unless other
wise stated. Estrual periods in which the error of checking in or out 
of estrus was greater than 6 or 7 hours were not included. No cycle 
or period was used where there was evidence of operative interference, 
or other experimental interferences other than those specified. All 
means given are of the original data and not from frequency distribu
tions. In comparison of age differences only those data from pure-bred 
animals where birth dates had been recorded were used. 

RESULTS 
Breed and Duration of Estrus.-The groups of Hampshires had 

longer estrual periods than Shropshires, Southdowns, and Rambouillets 
(28.6-31.3 hours for the Hampshires and 23.0-28.2 hours for the other 
breeds) (Table 7). No differences in duration of estrus were shown 
among the last three breeds. The greater range of variation among 
the grade ewes in duration of estrus (Table 7) indicates greater hetero
geneity among these :i!-nimals. 
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Breed and Length of the Estrual Cycle.-Breed differences in 
cycle length were not found among Hampshires, Shropshires, and 
Southdowns of 1929 and 1930. The Hampshires of 1934 and 1935 and 
the Rambouillets of 1935 had definitely longer cycles than the other 
groups (Table 8). 

Breed and the Preovulatory Period.-The preovulatory period was 
definitely longer for Hampshires than for Rambouillets (30.4 hours 
and 25.69 hours respectively) (Table 10). 

Breed al1d the Ovulation Rate.-The ovulation rate was defi
nitely greater for Hampshires than for Rambouillets (1.21-1.52 and 
1.05-1.14 respectively) (Table 13). The possible effect on these phenom
ena of the experimental treatment given the Rambouillets will be taken 
up later. 

Age and the Duration of Estrus.-Variations in the duration of 
estrus with age followed fairly definite tendencies (Table 15). Lambs 
had definitely shorter estrual periods than older ewes. Yearlings in 
general had shorter periods than mature ewes. The shorter estrual 

TABLE IS.-VARIATION OF DURATION OF ESTRUS WITH ACE WITHIN BREED GROUPS. 

SECTION I. 

So'29 and So'30 Sh'Z9 and Sh'30 H'30 

Mean Mean Mean 
Age (yr •. ) N (hr •. ) N (hr •. ) N (hr •. ) 

-2 24~75 
6 21.04 
6 26.50 

i7 32~30 29 26.52 36 28.51 

7-8 ______ ____ ________________ _ 
5-6 __________________________ _ 
3-4 __________________________ _ 

5 22.80 31 29 .53 18 32.67 
22 22.53 42 26.63 18 30.07 

2 ___________________________ _ 
L __________________________ _ 
Lamb _______________________ _ 1 21. 75 14 17.16 17 21.24 

SECTION I!. 

H'34 H'35 Total 

Mean Mean Mean 
Age (yr •. ) N (hr •. ) N (hr •. ) N (hr •. ) 

7-8 __________________________ _ 25 33.90 30 29.20 61 30.32 
5-6 __________________________ _ 60 32.28 43 32.00 III 31. 72 3-4 __________________________ _ 67 31.07 23 32.78 172 30.13 

33 20~76 
54 29 .95 

24- ini 
115 24.70 

56 21.65 

2 ________________ __ _____ ____ _ 
L ___ ___ ____________________ _ 
Lamb __________ __ ___________ _ 

periods of the Hampshire yearlings (1935) as compared with those of 
the same individuals as lambs (1934) can hardly be attributed to age, 
as the majority of ewes, regardless of age, had shorter periods in 1935 
than in 1934 (discussed under season). No significant age changes were 
found among groups from 2 to 8 years of age. A decrease in the dura
tion of estrus with older ewes was noted in two groups (Sh'29, Sh'30, 
H'35) but was contradicted in the third group (H'34) in which there 
was an increase. The general averages for the various age groups bear 
out the above statements in showing an increase in the duration of 
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estrus up to maturity followed by a decrease in the oldest group. How
ever, in these general averages all ages were not represented in each 
breed group and the breed groups were not represented with equal fre
quency. The significance of age differences is demonstrated by the 
fact that for the duration of estrus (H'34 and H'35), variation between 
ages was significantly greater than the variation between individual 
means within age groups (Table 19). 

Age and the Length of the Estrual Cyc1e.-Variations in the length 
of the estrual cycle with age were inconsistent among the various 
groups (Table 16). However, the frequencies for the Southdowns, 

TABLE 16.-VARIATION IN LENGTH OF ESTRUAL CYCLE WITH AGE WITHIN BREED GROUPS. 

SECTION I. 

50'29, So'30 Sh'29, Sh'30 H'30 

Mean Mean Mean 
Age (yrs.) N (days) N (days) N (days) 

7-8 ___________________________ 
2 15.34 5-6 ___________ ___ _____________ 

-8 i6~ ii 
2 15.32 

i6~72 3-4 ____ __ _________________ ____ 17 16.16 3 2 ______________________ ______ 
1 15.91 14 15.99 9 16.05 L ___________________________ 
8 16.69 21 15. 82 12 16.08 Lamb ________________________ 

5 16.18 7 15.51 

SECTION II. 

H'34 H'35 Total 

Mean Mean Mean 
Age (yrs.) N (days) N (days) N (days) 

7-8 ___________________________ 30 17.03 31 17.22 63 17 . 07 5-6 ___________________________ 
60 16.79 35 16.79 97 16 .72 3-4 ___________________________ 
75 16.66 19 16.93 122 16.60 2 ____________________________ 

i7~09 
24 16.02 L ___________ ___ _____________ 

iiS iiS~ii9 
23 64 16.44 Lamb _____________ ___________ 28 16.42 

Shropshires, and Hampshires of 1929 and 1930 are too small to expect 
definite tendencies to appear. The lambs and yearlings of the Hamp
shires 1934 and 1935 had longer cycles (mean = 17.01) as also did the 
7- and 8-year group (mean = 16.73). In these groups the variation 
between age means was not significantly greater than the variation of 
individual means within age groups (Table 19). 

Age and the Preovulatory Period.-The preovulatory period was 
definitely longer for mature ewes than for lambs and yearlings (Table 
17), although the numbers were small. There were no significant age 
differences in the preovulatory period among the mature ewes. 

Age and the Rate of Ovulation.-The ovulation rates with respect 
to age fell into three groups (Table 18). Lambs and yearlings had the 
lowest rate of ovulation (mean = 1.21) and 3 and 4 year olds had a 
significantly higher rate of ovulation (mean = 1.61). Ewes in the 5 to 
7 year old group (mean = 1.46) had a lower rate than the 3 and 4 
year olds. 
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TABLE 17.-VARIATION IN THE PREOVULATORY PERIOD WITH ACE. 

Age (yrs.) 
7 ___________________________________________________ _ 
6 __________________ - - - ___________________ ___________ _ 
5 __________ _____________________ ______________ ______ _ 
4 ___________________________________________________ _ 
3 _______________ ___________ _____ _____________ _______ _ 
2 ___________________________________________________ _ 
L __________________________________________________ _ 
Lamb _____________________________________________ _ 

N 

7 
8 
6 

10 
9 

-2 
4 

TABLE 18,-VA1UATION IN OVULATION RATE WITH AGE. 

Age (yrs.) 

7 __________ __ ___________________________ _ 
6 _______________________________________ _ 
5 _______________________________________ _ 
L ______________________________________ _ 
3 __________ __________ ___ ___ _____________ _ 
L ______________________________________ _ 
L ____________________________________ __ _ 
LamL __________________________________ _ 

N 

25 
32 
30 
31 
31 

i9 
24 

H'34 
M ea n 

1.44 
1.47 
1.47 
1.61 
1.61 

H'34 
Mean 
(hrs.) 

31.44 
30.28 
29.53 
32.15 
28.28 

H'35 
Mean 

i~2i 

43 

H'35 
Mean 
(hrs.) 

Total 
Mean 

1.46 

1.61 

1. 21 

Individuality.-Breed and age differences have been shown with 
regard to estrus and ovulation. Are individuals of the same age within 
a breed homogeneous as to the duration of estrus, etc., or do these in
dividuals differ significantly among themselves? In answering this 
question analysis of variance (Snedecor, 1934-Exp_ 7) was used. 
Only data from individuals of known age which were followed through
out the season were used. The analyses are given in Table 19. 

Variation between individual means of the duration of estrus 
within age groups was significantly greater than the variation within 
individuals (H'35). This was not true of the Hampshires in 1934 
(Table 19). The estrual periods of the Hampshires in 1934 differ from 
those in 1935 in that many operations were performed and consequently 
more periods were excluded because of operative interference. Thus, 
each individual was represented by only a part of its estrual periods 
which may have masked individual variation. 

Variation between individual means of the cycle length within 
age groups was greater than the variation within individuals. This 
was also true of the preovulatory period and rate of ovulation. In 
other words, for each of these phenomena each individual ewe had 
estrual cycles, etc., more like her own than like those of other individuals. 

Season.-By seasonal changes are meant those changes which 
take place during the course of the breeding season. Only data from 
groups followed throughout the entire season were used in this investi
gation, with the exception of the Rambouillets which were under ob
servation only after October 7, 1935.* 

*R'35a and R'35b groups are exceptions to tbis statement as no records were available 
prior to October 7, 1935 for tbese groups. 
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TABLE 19.-ANA LYSIS OF INDIVIDUAL VAR I ATION . 

Ewe 
Degrees 

of Sum of Mean 
Group Source of Variation Freedom Squares Square F P 

iiWur~~~Oat~f_ ~~~s ____________ 174 9,333.9 
-S3~S Within I ndividuals ___ ___ __ 149 7, 979 . 7 

Between Age Means ____ ___ 3 742.3 247.4 247.4/ 27.8 =8 . 90 -:: .01 
Between Ind. Means Wit hin Age Groups ____ _________ 22 611. 9 27.8 

H'35 TotaL ______ ____________ _ 128 11,432.6 -Sn Within I ndividuals __ __ ____ 110 6,107.8 
Between Age Means ____ ___ 3 2,939.7 979 .9 979.9/ 159.0=6.16 -:: .01 
Between Ind. Means Within Age Groups _____ __ ____ __ 15 2,385 . 1 159 . 0 159.0/ 55 . 5=2 . 86 < . 01 

g»3~en~a~~ ~s_~~~ ~~c~~ _______ 178 90.0 -:35-Within Individuals __ _____ _ 155 54.0 
Between Age Means __ __ ___ 
Between I nd. Means Within 

5 9.3 1. 87 1.87/ 1.48 =1.26 > .05 
Age Groups __ _______ ___ 18 26 . 7 1.48 1.48/0 . 35 =4 . 23 -:: .01 

H'35 TotaL ______ _______ ___ ___ 107 61. 8 
Within Individuals _____ ___ 90 39 . 2 .44 
Between Age Means __ ____ _ 2 2 . 2 1.09 
Between I nd. Means \Vithin Age Groups ____ ___ ____ __ 15 20.4 1. 36 1.36/ 0.44 =3.12 < .01 

(c) P reovulatory P eriod 
H'34 TotaL ___________ _____ __ _ 30 465.8 15.53 

Wit hin Individuals ____ ____ 20 190.6 9.53 
Between Age Means- __ ___ _ 
Between Ind. Means Wit hin 

3 69 . 2 23.08 
Age Groups ___ ____ ____ __ 7 205 .9 29.42 29.42/ 9 .53 = 3.09 * 

(d ) Ra te of Ovula.tion 
H'34 TotaL _______ __ __ _____ ___ 172 49 . 2 

ii~i9 Within I ndividuals _______ _ 146 27 .6 
Between Age Means ___ ___ _ 
Between I nd. Means Within 

5 2 .9 0 .58 
Age Groups ___ __ ___ _____ 21 IS.7 0 .S9 0.89/0.19 = 4.70 -:: .01 

*Between .05 and .01. 

TABLE 20.-VARIATION IN THE DURATION OF ESTRUS DURI NG THE BREEDIXG S EASON'. 

H' 34 H'34 
Matu re Ewes Lambs H'35 G'34 G'35 

Mean Mean Mean Mean Mean 
Periods N (hrs.) N (hrs.) N (hrs.) N (hrs.) N (hrs.) 

Aug. 16-Sept. 15 ___ _ 16 30.44 
(a). By Months 

i7~2ii 
11 26.45 10 34 .62 

26:73 Sept. 16-0ct. 15 ___ _ 30 32.08 I 32 28.31 27 32.30 11 
Oct. 16-Nov. 15 __ __ 26 33 . 26 8 25 . 20 27 29.44 30 35 . 05 11 31. 46 
Nov. 16-Dec. 15 ____ 25 34.51 11 28 . 46 26 29 . 31 24 36 . 30 13 24 . 61 
Dec. 16-Jan. 15 ____ 33 30 . 88 3 24 . 45 25 28.04 23 33 . 74 7 23 . 86 
fan. 16.-Feb. 15 __ __ 15 30.30 I 21.05 8 29.20 13 34 . 38 3 21. 33 

eb. I6-Mar. 15 ____ 5 27 . 76 
(b). Summary by M onths 

First month __ __ __ _ 16 30 .44 9 25 . 42 11 26.45 10 34.62 11 26 . 73 Middle months _____ 129 32.27 11 28 . 46 110 28.76 104 34.34 31 26.87 Last month ________ 5 27.76 4 23 . 60 8 29.20 13 34.38 3 21. 33 
(c). By Sequence of Estrual P eriods from Beginning and end of the Breeding Season 

First periods ____ ___ 18 29.10 6 24.32 19 27.84 18 29.93 8 24.12 Second periods ___ __ 18 33.32 19 30.15 18 32 . 08 8 30 .87 
Total between first 

two and last two 
periods __ _____ ___ 88 32 .53 11 27.58 64 29 . 20 59 37.48 14 29.07 

Next to last periods 15 33 .66 -6 27:iii 
15 29.67 16 31. 60 8 23.25 Last periods ___ ____ 13 28.80 12 22.92 16 33. 15 7 22.57 
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Arrangement of periods according to their occurrence during the 
season (Table 20) shows the general tendency for shorter periods to 
occur near the beginning and the end of the breeding season. 

The same ewes under identical conditions of feeding and manage
ment may vary significantly in their duration of estrus in different years. 
This is shown by the Shropshires in 1929 and 1930. Both groups 
(Bampshires and grades) had definitely shorter periods in 1935 when 
comparisons were made between the same animals. The difference could 
hardly be attributed to age as it was shown by young and old alike. 
More of the ewes had lambs in 1934 than in 1935, but this does not 
explain the shorter duration of estrus of the yearlings as compared 
with lambs (same individuals). , 

Climatic differences may have some bearing. The summer of 1934 
was extremely hot and dry. The wintc:>r of 1935 was much colder than 
that of 1934 but most of the cold weather came after the normal end 
of the breeding season. No differences, either in duration or per
odicity of estrus, which could be attributed to cold wavc:>s were found. 

The length of the estrual cycle was found to increase during the 
season (Table 21). One group, (B'35), however, showed no definite 
change. In the other groups there was an increase in the average 
monthly length of the cycle of 1/3 day to over 1 day. Although the 
experimental treatment given the R'35 groups affected their cycle 
lengths, the order of the seasonal changes was approximately the same 
for the two groups. 

TABLE 2l.-CHANGES IN LE:-l'GTH OF THE ESTRUAL CYCLE DURINC THE BREEDING SEASON, BY GROUPS 
OF EWES. 

SECT!ON r. 

H'34 H'34 
Mature Ewes Lambs H'35 13'34 

Mean Mean Mean Mean 
Period N (days) N (days) N (days) N (days) 

--
Aug. 16·Sept. IS ...•••• 17 16.60 

'1 Irot 
10 17.15 10 16.38 

Sept. 16·0ct. IS ....••• 34 16.59 27 16.76 26 16.84 
Oct. 16·Nov. IS ....... 32 16 . 73 6 16.73 22 17.05 28 16.90 
Nov. 16·Dec. IS •..••.• 33 16.91 7 17.01 26 17 .06 20 17.16 
Dec. 16 on •........... 49 16.92 2 17.96 23 16.97 20 17.38 

SECT!ON Ir. 
13'35 R'35a R'35b Total 

Mean Mean Mean Mean 
Period N (days) N (days) N (days) N (days) 

Aug. 16·Sept. IS ..•.•.. 
Ii i6~4i i4 I7~60 

37 16.69 
Sept. 16·0ct. 1S. ..... . 11 16 .3 1 124 16.67 
Oct. 16·Nov. IS •.•..•. 10 16 . 44 27 16.94 24 17.20 149 16 . 91 
Nov. 16·Dec. IS ..••••• 9 16.90 27 16.83 23 17.57 145 17.06 
Dec. 16 on ........• • • • 5 16.50 26 17.59 9 17.95 134 17 .20 

Data on the changes in the preovulatory period during the entire 
breeding season are available on only one group (H'34), and numbers 
are few (Table 22). There was a consistent decrease in the average 
length of the preovulatory period during the season for the Hamp-
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shires in 1934. The variation between monthly means was significantly 
greater than the variation within the months (Table 23). The data for 
the Rambouillets show a slight decrease in the preovulatory period 
during the season (Table 22). 

TABLE 22.-SEASONAL CHANGES IN THE PREOVULATORY PERIOD. 

Monthly Period 

Sept. 16-0ct. 15 __ ___ ____ ________ _ 
Oct. 16-Nov. 15 _________________ _ 
Nov. 16-Dec. 15 _________________ _ 
Dec. 16-Jan. 15 __________________ _ 
Jan. 16-Feb. 15 __________ ___ _____ _ 

H'34 
Mature Ewes 

N 

8 
9 
9 
9 
5 

Mean 
(hrs.) 

34.64 
30.91 
29.53 
28.54 
27 .52 

Groups of Ewes 

R'35a 

N Mean 

-4 ins 
4 2:U6 
5 25.00 

N 

R'35b 

Mean 

-in 
i9:6 

TABLE 23.-ANALYSIS OF VARIANCE OF SEASONAL CHANGES IN THE PREOVULATORY PERIOD FOR EWE 

GROUP H'34. 

Source of Variation 

Between months _____ ____ ___ __________ ______ _ 
Within months ______ ____________ ________ ___ _ 

TotaL ____________________ ______ ___ ___ _ 

Degrees of 
Freedom 

4 
35 
39 

Sum of 
Squares 

225.6 
421.5 
647.1 

Mean 
Square 

56.39 F=4.68 
12 .04 P< .01 

The ovulation rate was lower the latter part of the breeding season 
for the Hampshires 1934. The same trend prevailed in both groups of 
Ramhouillets although the experimental treatment differed. Little 
change was shown for the Hampshire Iambs and yearlings but the 
numbers are few. The monthly averages of the ovulation rate for the 
various groups are given in Table 24. 

TABLE 24.-SEASONAL CHANGES IN OVULATION RATE. 

Ewe Groups 

H'34 H'34 H'35 
Mature Ewes Lambs R'35a R'35b Yearlings 

Period N Mean N Mean N Mean N Mean N 

Aug. 16 to Sept. 15_ 20 1.50 -5 i:40 -7 i:43 -7 i~29 
8 

Sept. 16 to Oct. IS. 32 1. 78 7 
Oct. 16 to Nov. 15 __ 23 1. 74 9 1.22 21 1.14 23 1.00 

} 4 Nov. 16 to Dec. 15_ 29 1.45 10 1.20 12 1.17 10 1.00 
Dec. 16 to Ian. 15 __ 31 1.26 16 1.00 12 1.00 
Jan. 16 to eb. 15 __ 14 1.21 8 1. 12 

Ovulation prior to the first estrus of the breeding season has been 
reported by Grant (1933,1934) and Cole and Miller (1935). Of 17 ewes 
(H'34 and H'35) on which operations were performed at the first estrus 
of the season 16 had corpora lutea approximately one cycle old. The 
mean number of corpora lutea in these 16 cases was 1.25. This rate is 
lower than for the first estrus (mean = 1.61), and is partly responsible 
for the lower mean rate in the first month for the Hampshires 1934 
(Table 24). 

Mean 

1. 25 
1.14 

1.25·; 



RESEARCH BULLETIN 264 47 

Ovulation without estrus sometimes occurs approximately one cycle 
following the last estrus of the breeding season. In one of four Hamp
shires (1934) and eight of eleven Rambouillets (1935) ovulation had been 
found to have taken place about the length of one cycle following the 
last estrus. There were two corpora lutea in the case of the Hamp
shire and one for each of the eight Rambouillet ewes. 

Sterile Copulation.-The Hampshire ewes in 1934 were mated to 
a vasectomized ram at one or two estrual periods between the second 
and ninth periods of the breeding season at 3, 12, and 21 hours (three 
times in the one period) after the beginning of estrus. The data on the 
effect of sterile copulation are given in Table 25. 

TABLE H.-EFFECT OF STERILE COPULATION ON ESTRUS AND OVULATION. 

Duration Length of Preovula tory 
of Estrus Estrual Cycle Period 

Mean Mean Mean 
N (hr •. ) N (days) N (hrs.) 

Mated •••.••.••.••••• 23 29.5 26 16 . 84 13 29.4 
Not Mated ....•..••.. 80 33.9 94 16.76 22 30.2 

*Number of ovulations. 
NOTE-The same ewes are included in both groups, mated and not mated. 

Ovulation 
Rate* 

N Mean 

28 1.57 
81 1. 53 

Sterile breeding tended to shorten the duration of estrus but had 
no effect on the length of the estrual cycle, preovulatory period, or rate 
of ovulation. 

Forced copulation during the estrual cycle (non-estrus ewe) did not 
affect the occurrence of estrus. Forced copulation during anestrum had 
no effect on the time of onset of the following breeding season. 

Plane of Nutrition.-Forty, 3-year old, high grade Rambouillet 
ewes were divided into two equal and comparable groups on a basis of 
weight and condition. One group (R'35a) was kept on a high plane of 
nutrition receiving one pound of a grain mixture consisting of 7 parts 
oats (by weight), 2.5 parts bran, and 0.5 part linseed oil meal, per head 
per day. Both groups received two pounds of alfalfa hay per head per 
day and were kept in dry lots. The group on the low plane of nutrition 
(R'35b) received no grain. The ewes were placed on the experimental 

TABLE 26.-EFFECT OF PLANE OF NUTRITION ON ESTR.US AND OVULATION. 

Group 
Plane of 

Nutrition 

SECTION I. 

Duration of Trial 

Mean 
Initial 

Weight 

R'35a..................... High...... *Oct. 7, 1935 to Feb. 24, 1936 103.7 
R'35b ..••.•.•....•..•••••• Low •....• *Oct. 7, 1935 to Feb. 24, 1936 103.7 

SECTION I I. 
Duration Length of Preovulatory Ovulation 
of Estrus Cycle Period Rate 

Group N Mean N Mean N Mean N Mean 

Mean Mean Gain 
Final or 

Weight Mean Loss 

117 . 8 +14.1 
93.3 -10.4 

End of 
Breeding Season 

Range Average 

R'35a .••••...•• 
(hrs.) (days) (hrs.) 

65 102 25.49 91 17.02 13 25.69 
R'35b .•. _ •.••.• 

1.15 12/31 to 3/2 2/4/36 
1.06 10/17 to 2/14 12/18/35 75 25.56 69 17 . 34 13 21.46 52 

*Testing for estrus Was continued until March 19, 1936. 



48 MISSOURI AGRICULTURAL EXPERIMENT STATION 

rations and were checked for estrus at 3-6 hour intervals, as described 
'under Section I, beginning October 7, 1935~ Laparotomies were per
formed to determine the preovulatory period and the ovulation rate on 
15 ewes from each group. The other 5 ewes in each group were in
:seminated. 

Fig. 7.-Groups of Ewes. Upper: High grade Rambouillet ewes (R'35a) kept on a 
high plane of nutrition. Lo\'.rer: High grade Rambouillet ewes kept on a low plane of nu
trition. 

Ewes kept on a high plane of nutrition gained an average of 14 
'pounds during the season (October 7, 1935 to February 24, 1936) but 
'were not excessively fat. The ewes kept on a low plane of nutrition lost 
an average of 10 pounds and were quite thin but not emaciated. Pic
tures of the two lots and of representative ewes from each lot, at the 
,end of the trial are shown in Figs. 7 to 9; the results in Table 26 . 
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The duration of estrus did not vary with differences in plane of 
nutrition. The estrual cycle, however, was longer for the group kept on 
a low plane of nutrition (1 /3 day). This difference was noted consis
tently through the season (Table 21). The preovulatory period was 
shorter for the group kept on a low plane of nutrition (a difference of 
4.21 hours). The ovulation rate was slightly higher for the grou.p kept 
on a high plane of nutrition (1.15 as against 1.06). The distribution of 
twin ovulation here is interesting. In the high plane group there were 
ten twin ovulations during the season (total of 67 observations), and 

Fig. S.-Side Vie' .... s of Representative Ewes from Two Groups. Left: Ewe from group R'35a 
kept on a high plane of nutrition. Right: Ewe from group R'3Sb kept on a low plane of nutrition. 

Fig. 9.-Views of Representative Ewes from Two Groups. 

Rear view of representative ewes from group 
R'35a (left) kept on a high plane of nutrition, 
and from group R'35b (right) kept on a low plane 
of nutrit ion. 

Top view of representative ewes from group 
R'35a (left) kept on a high plane of nutrition. 
anj from group R'35b (right) kept on a low plane 
of nutrition. 
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seven of these occurred before November 1, as compared with a total 
of four twin ovulations in the low plane group (66 observations) with 
three of these twin ovulations occurring before November 1. It should 
be noted that Rambouil1ets normally have single lambs. The effect 
on the duration of the breeding season was very definite. The average 
end of the breeding season for the low plane group was nearly 1?{ 
months earlier than for the high plane group. 

DISCUSSION 
The duration of the breeding season, duration of estrus, preovula

tory period, and rate of ovulation all increased with age up to maturity. 
There was slight decrease in the duration of estrus and ovulation rate 
in aged ewes. This decrease might have been more pronounced if still 
older ewes had been observed. The estrual cycle was longer for young 
and old ewes than for mature ewes (2-5 years). Thus in general, mature 
ewes in the prime of life have longer estrual periods, shorter estrual 
cycles, longer preovulatory periods, and higher rates of ovulation as 
compared with younger and older ewes. 

As the breeding season progressed, the estrual cycles became 
longer, the preovulatory period became shorter, and the ovulation rate 
was lower during the latter half. The estrual periods were shortest 
during the first and last months of the breeding season. 

Ewes on a low plane of nutrition had a shorter breeding season, 
longer cycles, shorter times of oVJlation, and lower rates of ovulation 
as comparecl with those of a high plane of nutrition. 

In considering the effects of these various factors, it becomes evi
dent that there are various levels of reproductive activity. Mature 
ewes in their prime, ewes observed during the second and third months 
of the breeding season, and ewes on a favorable or high plane of nutri
tion, have- shorter estrual cycles, longer durations of estrus, longer pre
ovulatory periods, and higher ovulation rates. It must be kept in mind 
that these are general tendencies which are not altogether free from 
inconsistencies and which will not hold true always in each individual. 
The duration of estrus and the preovulatory period vary directly with 
·each other; and a higher ovulation rate is associated with a longer pre
ovulatory period. Shorter estrual cycles are not correlated with the 
other events. 

On the other hand, immature and aged ewes, ewes observed during , 
the first and last months of the breeding season, and ewes on a low or ' 
unfavorable plane of nutrition have shorter durations of estrus, longer 
estrual cycles, shorter preovulatory periods, and lower ovulation rates. 
Immature ewes and ewes on a low plane of nutrition also have shorter 
breeding seasons. 
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It is reasonable to expect that ewes in their prime, at the height 
of the breeding season, and on a favorable plane of nutrition might 
differ from immature or aged ewes, ewes observed at the beginning and 
end of the breeding season, and ewes on an unfavorable plane of nutri
tion, in two or more ways. The ovaries and genital organs of the first 
group should be more responsive, that is, they should respond more 
quickly and to a greater degree to a given stimulation than those of 
the latter group. One would expect also that gonadotropic activity of 
the anterior pituitary would be greater. Thus, interactions between the 
pituitary and ovary would take place more quickly and would possibly 
result in a shorter cycle. Greater responsiveness of the ovary and in
creased stimulation from the anterior pituitary could reasonably result 
in a longer duration of estrus, a longer time interval from the onset of 
estrus to ovulation (preovulatory period) and a higher ovulation rate. 

The reproductive activity of a ewe seems to increase up to 2 or 3 
years of age and to decrease again after 5 or 6 years of age. A similar 
increase and decrease is found during the first and last months of the 
breeding season respectively. This level of activity may be influenced 
by the plane of nutrition, a high plane of nutrition being conducive to 
high activity and a low plane of nutrition to decreased activity. A 
high level of reproductive activity is logically associated with high fer
tility. Ewes which have longer breeding seasons and shorter estrual 
cycles have more opportunities to become pregnant. Higher ovulation 
rates increase the possibilities of conception and also the possible 
lambing rate. 

It has been impossible to consider all of the factors which may af
fect reproductive activity in the non-pregnant ewe. The number of 
observations and the methods of measurement are subject to various 
limitations. These may account for some of the inconsistencies. Due 
to these limitations not all of the trends reported are based on highly 
significant differences. With the preparation of ovarian and pituitary 
hormones in pure form and with the development of delicate methods 
of assaying the content of these hormones in the blood or urine, it should 
be possible to prove or disprove these interrelationships experimentally. 

Breed and individual differences in reproductive phenomena are 
likely based on hereditary differences. By taking these phenomena 
into account in the selection of breeding animals it should be possible 
to increase the level of fertility in our breeding flocks. 

The breeding season probably results from an increase in the 
gonadotropic activity of the anterior pituitary over that during anes
trum, as the ovaries are responsive to gonadotropic hormones during 
anestrum. It seems likely that the gonadotropic activity of the anterior 
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pituitary gradually increases and then decreases during the breeding 
season. The first and last estrual periods of the season are shorter, 
and are usually preceded or followed, respectively, by one or more ovu
lations unaccompanied by estrus. The ovulation rate at these "semi
estrual" periods, as Cole and Miller (1935) have termed them, are 
lower than during the corresponding portions of the breeding season. 
The estrual cycle becomes longer and the ovulation rate is lower during 
the latter part of the breeding season. All of these are possibly the re
suit of changes in the level of gonadotropic stimulation during the 
breeding season. 

The effects of climatic factors have not been considered in this 
study, although any of the changes observed may have been modified 
by climatic changes. There is need for investigations on the effect of 
climatic factors on the onset of the breeding season. 

The shortening effect of sterile copulation on the duration of estrus 
is definite, but observations should be repeated before conclusions are 
drawn. Tt is reasonable that the gratification of the desire to copubte 
should shorten the period of desire thus resulting in a shorter estrus 
than would be the case otherwise. 

The effects of a low plane of nutrition were manifested in a shorter 
breeding season, slightly longer estrual cycle, shorter preovulatory 
period, and a slightly lower ovulation rate. The effects might have been 
intensified if the rations had been given for a longer period of time. 
Although the favorable plane of nutrition produced a higher level of 
reproductive activity, it does not appear to have any marked stimu
lating effect. Good nutrition seems to influence reproductive phe
nomena only to the extent that it allows full expression of the inherited 
capacity. 
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Section IV.---Histological Changes In the Genital 

Tract During the Estrual Cycle 

A stu.dy of the events of the llon-pregnant reproductive cycle in 
the ewe is not complete without the consideration of the accompanying 
cyclic changes in the genital organs. This work is a continuation of 
that of Cas ida and McKenzie (1932) and consists of observations on 
additional animals. Studies of the ovaries and other endocrine glands 
of the animals used in this work are being made by others. The cy
tology of corpora lutea taken from these animals was reported by W'ar
britton (1934). Reports on the pituitary (Warbritton and McKenzie, 
1937), and adrenal (Nahm and McKenzie, 1937) have just been pub
lished. Those on the thyroid, pineal and follicles are forthcoming. 

REVIEW OF LITERATURE 

Histological changes in the vagina of the ewe during the estrual 
cycle have been reported by Casida and McKenzie (1932) Darlow and 
Hawkins (1933), Grant (1934), and Cole and l'vliller (1935). Changes 
do not appear to be striking and the reports are somewhat variable. 
In general, edema of the stroma, congestion of blood vessels, and ac
celerated growth of the epithelium were noted during estrus. Cornifi
catioll, though variable and localized, was usually notEd in late estrus 
and in metestrum. All of the above investigators seem agreed that 
desquamation of the epithelial cells into the Llmen was greater in late 
estrus and metestrum. l.eucocytes in the epithelium were more num
erOllS during the middle and latter portion of the cycle. 

Changes in the vaginal smear have also been reported by the above 
authors with the exception of Casida and McKenzie. The findings in 
general agree quite closely. A profuse flow of mucus was noted during 
estn'.s. The metestrual smear was characterized by the presence of a 
dry cheesy mass made up largely of large squamous epithelial cells. 
During the remainder of the cycle a scant moist smear containing some 
epithelial cells and occasionally leucocytes was generally found. 

There are differences as to the reliability of changes in the vaginal 
smear as indicators of stages in the estrual cycle. Grant (1934) doubts 
their reliability, but Cole and Miller (1935) believe that the presence 
of large quantities of mucus in the smear of the non-lactating ewe, and 
the blllky, dry, cheesy smear in which large squ.amous cells predomi
nate, are reliable criteria of impending ovulation and metestrum re
spectively. Polovzeva and Fomenko (1933) report that the vaginal 
smear was a reliable indicator of ovulation; ovulation usually occurring 
after the appearance of cornified cells and before the appearance of 
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leucocytes in the vaginal smear. Richter and Rittau (1933) and Mi
haila (1934) failed to find distinctive changes in the vaginal smear with 
the estrual cycle. 

Changes in the cervix during the estrual cycle were not reported 
in detail by Casida and McKenzie (1932) who noted increased secretory 
activity in 9 to 14-day stages. Grant (1934) reported that secretion 
from the cervical epithelium was continuous during the cycle and he 
did not find cytological evidence of differences in intensity of secretion. 
He concluded, however, that secretion must be more intense during 
estrus to account for the voluminous flow of mucus at that time. Cole 
and Miller (1935) stated that during proestrum and estrus, greater 
mucus-secretion is evidenced by the distension of the superficial layer 
of cells with mucus as identified with muci-carmine stains, and by the 
tendency for the nuclei of their cells to become flattened against the 
base of the cells. They further state that the superficial layer of cells 
is somewhat reduced in height in late metestrum and diestrum. 

Marshall (1903) correlated histological changes in the uterus with 
the estrual cycle. He described growth changes and increased vascu
larity during proestrum and believed these changes to be followed by 
a breakdown of some of the blood vessels allowing extravasation of 
blood into the stroma. The uterine pigment was thought to be formed 
from the extravasated red blood cells. 

Grant (193~) and Cole and Miller (1935) have found the presence 
of pigment at all periods studied. Grant (1933) in the examination of 
more than 2,000 uteri found that neither the occurrence of pigmenta
tion nor its intensity bears any relation to the stages of reproductive 
activity. 

Cyclic changes in the uterine mucosa described by Casida and Mc
Kenzie (1932) and Cole and Miller (1935), in general, agree. They 
found increased growth and coiling of the uterine glands during met
estrum and folding of the free surface of the epithelium about the 
middle of the cycle. 

Histological changes in the mucosa of the Fallopian tubes during 
the estrual cycle in the ewe have been described by Casida and Mc
Kenzie (1932). They found the epithelium was highest during and 
shortly following estrus. Cytoplasmic projections from the epithelial 
surface, increasing in height during the latter part of the cycle, were 
described. 

MATERIAL AND METHODS 

Tissues were studied from sections of various regions of the vagina, 
cervix, uterus, and Fallopian tubes taken from 40 non-pregnant ewes 
at slaughter or laparotomy during the estrual cycle. Sections from the 



TAUI.I-: 27.-isFORMATlON ON ANIMALS USEU FOR COl.J.ECTH}~ OF TISSUES. 

Date of Approx. 

E,,'c 

Slaughter (5) Age of 
Stage in or Ewe 

Cycle Laparotomy (I.) (yes. I Breeding Previous Cycles (days)· 

125la ___________ __ __ _ 
30c _____ __ ___ ____ _ 

7b ________ ___ ____ _ 
2a ______ _________ _ 

1.0 hr8. __ __ S 12-14-3L ____ 3 
1.5Ins. ____ I. 1-20- 35 ______ 6 

12.0 hrs. ____ S 11- 29-32 ______ g 
16.0 hrs. ____ S 11-17- 3L _____ 4 

Shropshire ___ _____ _ 
Hampshirc _ ______ _ 
Hampshire Gr. __ __ _ 
Shropshire __ ___ __ _ _ 

17.4,16.2, 16.6 _________ ___ __ _ 
16.3, 17.0, 17.0, 16.8, 17.1, 16.5 
17.0, 17.0,16.7 _____ __ _______ _ 
15.4,16.0,16.2. _____ ________ _ 

45a _______ __ ______ _ 
55d __ _____ _______ _ _ 22.0 hrs. ____ S 11- 9-31.. ____ 2 

23.8 hrs. ____ I. 11- 1- 35 ______ 4 
Gradc _____ ______ _ _ 
Rambouillet Gr. __ _ 

16.0, 16.0 ______________ _____ _ 
16.8 _________________ __ ____ _ 

440 ____ _____ ______ _ 
22a ______________ _ _ 

43.0 hrs. ____ L 10- 2-31. _____ 6 
44.0IlCS. ____ S 1I- 28-3L _____ 5 

Hamp,hire Gr. ____ _ 
Hampshire Gr. ___ _ _ 

16.2,16.L __ __________ __ ____ _ 
45.4,17.7, 17.L ______ ___ ____ _ 

7a _______ ___ _____ _ 
3a ____ _________ __ _ 

lOa _____________ _ 
17a ____ _________ __ _ 

2.0 days. __ L 12- 5- 3L _____ 7 
2.0 days. __ L 9- 1O-3L ___ __ 2 
2.3 days ___ L 10- 4-3L _____ 3 
2.5 days. __ L 10- 4- 3L _____ 7 

Ha mpshire ___ __ __ _ 
Grade. ___ ____ ___ _ 
GradL __________ _ 
Grade ___ __ _ _____ _ 

14. 7, 4.0 __________________ __ _ 

i6~i,- lli.L=== == = = = === = == == == 16.0,16.6 ______ ___ __________ _ 

I1"- ________ ___ ___ _ 
20b _____ __________ _ 
250. ______________ _ 

2.5 days _ __ L 10- 4-3L _____ 4 
3.3 days ___ S 10-29- 31. _____ 6 
3.8 days ___ S 12- 1- 31 __ ____ 5 

Hampshire Gr. ____ _ 
Hampshire Gr. ____ _ 
Grade ____ __ _____ _ _ 

16.4,16.3 ______________ __ ___ _ 
16.0, 16.7, 17.0 _________ _____ _ 
16.0,16.5, 14.7, 15.8 ___ _____ _ _ 

2a _______________ _ 3.9 days ___ I. 10- 3- 3L _____ 4 Shropshire ________ _ 15.4,16.0 __________________ _ _ 

340 _______ ________ _ 4.0 days ___ I. 10-30-35 ______ 5 Grade _____ ______ _ _ 16.0 __ _ 
27. _______________ _ 
53a ____ _____ ______ _ 
22b ______ __ _______ _ 

4.1 days ___ L 9-11- 3L _____ 7 
5.3 days ___ S 11- 1-3L _____ 3 
5.3 d.ys. __ S 11- 1-32 ______ 7 

Grade _____ __ _____ _ 
Grade ______ ____ __ _ 
Hampshire Gr. ____ _ 

10.6,32.5,7.0 __________ ___ __ _ 
16.0,16.5, 18.2, 17.0 ____ ____ _ _ 

99d ___ ___ ___ __ ____ _ 
47d _______________ _ 
14b _______________ _ 
23a _______________ _ 

6.2 daJ's __ _ I. 10-30-35. _____ 5 
7.0 days ___ I. 10-30-35 ______ 5 
7. I days- __ S 10-20-31. _____ 6 
7.4 days. __ S 12- 9-31. ____ _ 6 

Hampshire ____ ___ _ 
Gra de __ <_ _________ _ 

Hampshire Gr. ____ _ 
Hampshire Gr. ____ _ 

16.5,17.0 ___________________ _ 
14.8, 15.2 ___________ __ ______ _ 
15.9, 16.7 ___________________ _ 
14.6,14.0,15.3,10.7 ____ ___ __ _ 

16"- ___ _____ ______ _ 
Uh ____ _________ __ _ 
44"- ____ __________ _ 
4ld ____ ___ __ ______ _ 

7.6 days ___ S 12-18-31. _____ 6 
7.9 da)·s ___ S 12- 8- 32 ______ 5 
7.9 days. __ S 12-30- 3L _____ 6 
8.2 days ___ L 11- 17- 35 ______ 7 

Hampshire Gr. ____ _ 
Hampshire Gr. ___ _ _ 
Hampshire Gr. ____ _ 
Gradc ____ ___ ____ _ 

16.0, 17.4, 17.0, 16.7, 16.3, 17.2 
16.5,16.0,15.4,16.7,17.1. ___ _ 
16.2, 16.1, 15.5, 17.0, 17.0, 16.3 
16.2,17.0.17.4,17.8 ____ _____ _ 

28a _______________ _ 
3b __ _____________ _ 

16d _______ __ __ ____ _ 
38. __ _ 

9.lday, ___ S 12- 31-3L _____ 6 
9.9 day"- __ S 10- 4-32 ______ 7 

10.3 days ___ L 12-19-35. _____ 3 
11.0 day"- __ S 11-30-31. _____ 2 

Ha mpshire Gr. ____ _ 
Hampshire Gr. ____ _ 
Grade ____________ _ 
Hampshire Gr. ____ _ 

16.6, 17.5, 17.0, 16.2, 16.3, 17.0 
17.0 ______ ______________ ___ _ 
18.7,17.3, 18.5 _______ ____ ___ _ 
16.4, 16.1, 16.3, 15.0, 16.8 ____ _ 

15. ________ _______ _ 
12b _______________ _ 
350 _______________ _ 
18"- ___ ______ _____ _ 

11.0 days ___ S 9- 6-31. _____ 8 
11. 9 days ___ S 10- 29- 32 ______ 5 
14.0 days ___ S 12- 5-31. _____ 2 
14.0 days ___ L 8-25-3L _____ 5 

Grade ___ ___ ______ _ 
Ha mpshire Gr. ____ _ 
Hampshire Gr. ____ _ 
Grade ______ ______ _ 

16~6'- lS.cCI6.:S= == = === = = = = == == 15.7,15.9,51.2 _________ ____ _ _ 

;!L~~~~~~~~~~~~~~ 
14.3 days. __ S 10-31-31. _____ 6 
15 . 0 days ___ S 12- 19- 34 ______ 3 
15 . 0 days ___ S I1-20-Jl ______ 5 
16.5 days ___ S 12-23- 35 ______ 3 

Hampshire Gr. ____ _ 
Hampshire Gr. ____ _ 
Grade ___ _________ _ 
Haml='shire Gr. ____ _ 

\6.0, 15.0, 15.0 ______________ _ 
15.8,16.0,16.2,15.5,16.5 ____ _ 
17.3,17.0 __ ___________ ______ _ 
17.3,18.8,17.9,17.6 ___ __ ____ _ 

*AIl cycles and periods have been omitted where there 'vas evi.Jence o f inaccuracy or operative interference. 

Previolls Periods (hrs. )* 

33, 18, 43 
31,21,27, 37, 29 
34, 57,48 
24, 48, 3D, 23 

25 
24, 17 
19,48 
25, 14, 32, 30 

9, 25, 37, 24 
22 
47, 37,46 
14, 35, 20 

25, 37, 25 
62, 64, 46, 49 
44, 36, 28. 31, 44 
24, 48, 30 

17, 21 
12 
11, 21, 12, 27, 30 
40,47,48,47, 33 

33, 18, 29 
24,24,32 
39,50,47 
41, 34, 40, 41. 24 

11, 24, 12, 24, 9, 37, 42 
39, 35, 10, 24, 22 
19, 48, 23, 36, 29, 35 
IS, 43. 44, 28, 23 

15, 20, 22, 48, 32, 4U, 23 
48,47 
19, 34, 33, 27 
43,33, 31, 23, 48, 34 

33 
24, 57, 35, 23 
28,26, 51, 21 
59 

33, 25, 23, 24 
36,42,43,37,30 ,36 
24, 55, 61, 41 
30,57,47, 31, 27 
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Fallopian tu bes, and in some cases from the uterus were taken at lapa
rotomy. 

Tissues from ewes 1251a, 45a, 22a, 25a, 53a, 23a, 28a, 38a, and 35a 
were studied by Casida and McKenzie (1932). For the sake of com
pleteness these animals have been included in this study also. 

Information about the animals used and their estrual histories is 
given in Table 27. These animals were teased for estrus in the manner 
described in Section 1. Ewes which were slaughtered or operated on 
during or shortly following estrus, were teased continuously or at very 
frequent intervals to determine the time of the beginning of estrus. 
All stages in the cycle are dated from the beginning of estrus. 

At slaughter the removal of tissues was given first attention. 
Ewes were killed by bleeding to death after cutting the throat. The 
tissues were placed in the fixing fluid from 10 to 45 minutes after the 
animals were stuck and immediately after removal at laparotomy. 

The fixing fluids used were Bouin's, Helly's, saturated aqueous 
mercuric chloride, and 10% formalin. The tissues were embedded In 

paraffin and sectioned (8-10 micra). Mayer's hemalum and Orange G 
were used for routine stains. Hoyer's thionin method was used to 
demonstrate mucus in the epithelial cells of the cervix. 

The figures in this section are from un retouched photomicrographs. 

RESULTS 

The anatomy and histology of the various organs of the genital 
tract of the non-pregnant ewe have been adequately described in pre
vious publications including those of Assheton (1906), Schmaltz (1921), 
Casida and McKenzie (1932), Seiferle (1933), Grant (1934), Cole and 
Miller (1935). In this report emphasis will be placed on histological 
changes during the estrual cycle. 

In describing changes in the genital tract during the estrual cycle 
it seems most useful where possible to designate the various portions 
of the cycle according to ovarian changes. Estrus has been defined as 
the period of sexual receptivity in the ewe and ends near the time of 
ovulation. The post-estrual portion of the cycle from the end of estrus 
up to the 4th or 5th day after the beginning of estrus includes the for
mative period of the corpus luteum (Warbritton, 1934). The luteal 
phase during which the corpus luteum is active extends from the 4th 
or 5th day up to the 12th to 14th day of the cycle. The proestrual or 
early follicular phase has been taken as the portion of the cycle from 
the 14th day until the onset of estrus. 

Vagina.-The stratified epithelium of the vagina reached its great
est height during estrus and postestrum and decreased somewhat irregu-
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larly to the lowes t height during late luteal and early proestrual stages 
when the average height was less than one-half of that during post
estrum (Fig. 10). The height of the epithelium in early estrual stages 
was intermediate indicating that growth was active during that time. 
The increase in height of the epithelium was brought about both by an 
increase in the number of cell layers and by an increase in the thickness 
of each cell layer. Mitotic figures were found too infrequently to allow 
consideration. 

The superficial layers of the epithelium became Battened and took 
on the appearance of cornification in postestrual stages. However, the 
presence of cornified layers were found in some regions at all times of 
the cycle with the exception of early estrual stages. Desquamation of 
superficial layers, although evident at all times during the cycle, was 
greatest in postestrual stages. 

Leucocytes were most abundant during the luteal phase (Fig. 10, 
8-day stage). Edema of the stroma and congestion of the stromal blood 
vessels were greatest during proestrual and estrual stages. 

Illustrations of representative sections of the vaginal epithelium 
are shown in Fig. 10. . 

Only a very limited study was made of the vaginal smear. Daily 
smears were taken on 10 ewes during December, 1935. The presence of 
mucus was invariably noted during estrus. Cornified or large squa
mous cells usually appeared on the second or third day and were some
times found in considerable numbers up to mid-luteal stages. Leu.co
cytes were found irregularly during the luteal stages. Late luteal and 
proestrual stages were characterized by scant smears made up largely 
of small epithelial cells, with leucocytes occasionally. 

Cervix.-Evidences of excretory activity of the columnar epithe
lium of the cervix were found at all stages of the cycle. However, 
certain observations indicated the tendency for the secretion to build 
up in the cells during the luteal phase and to be eliminated during late 
luteal and proestrual stages. Sections stained with thionin to demon
strate mu.cus showed the least amount of ml'.cin material in the epi
thelial cells in estrual stages and the greatest amount in late luteal 
stages (Fig. 11). In mid- and late luteal stages more of the cells were 
distended .with secretory products, and the nuclei were crowded to the 
basal portions of the cells. The stringy processes from the free surface 
of the cells and in the lumen in the late luteal stage indicated that se
cretions were being thrown off. Mucus was most abundant in the cer
vical lumen in proestrual and early estrual stages. The consistency of 
the cervical mucus was thick and sticky in early proestrum but became 
more Buid during estrus. In late luteal, proestrual and estrual stages 
many of the epithelial cells were thin and dark staining and had a 
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"spent" appearance. Many dark staining, shrunken nuclei which ex
tended toward the free surface of the cells were also found in these 
stages (Fig. 11, 14-day stage). Thus, the epithelial cells of the cervix 
seemed to go through a fairly definite secretory cycle during the course 
of the estrual cycle. The cells filled up during luteal stages with secre
tory products which were thrown off during late luteal and proestrual 
stages, and became evident in the flow of mu.cus in the vagina during 
estrus. 

Uterus.-Changes in the uterine mucosa which could be correlated 
with the estrual cycle were not clearly defined. Edema of the stroma 
of both the cotyledonary (Fig. 12) and inter-cotyloedonary areas was 
greatest in estrual and postestrual stages. Vascularity as evidenced 
by the congestion of stromal capillaries was also greatest in these 
stages (Fig. 12). 

There appeared to be increased growth and coiling of the glands 
during postestrual and early luteal stages (compare Figs. 13 and 14). 
Even more definite was the increase in the height of the epitheliu.m in 
the basal portions of the glands at this time. Both the surface and 
glandu.lar epithelium was highest during the luteal phase. Regression 
of the basal portions of the glands was noted in pro estrual and early 
es trual stages. 

Folding of the epithelial surface was noted at all stages but was 
much more marked and was invariably present in mid-luteal stages 
(Fig. 14). 

LeL'.cocytes were present in the stroma and epithelium at all stages. 
However they were present in far greater numbers at the time of be
ginning regression of the corpus luteum (14 days, Fig. 12). In three 
ewes killed at 7.4, 9.1, and 11.0 days, Warbritton (1934) found the 
corpora lutea were retrogressing earlier than normal. In each of these 
cases the condition of the u.terine mU.cosa was similar to that of other 
animals killed at the same stages, with the exception of a marked in
crease in the nu.mber of leu.cocytes both in the stroma. and epithelium 
(Fig. 15). 

There was no change in the amount of black pigment beneath the 
epithelium. 

Fallopian Tubes.-Cyclic changes were more definite in the Fallo
pian tubes than in the other organs studied. The columnar epithelium 
of the mid-region of the tubes consisted of both ciliated and non-ciliated 
cells in approximately equal numbers at all times in the cycle. The 
height of the epitheliu.m, as measured to the level of the basal granules 
of the ciliated cells, though variable, was greatest during estrual and 
postestrual stages. There was a decrease during the luteal phase to the 
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lowest height at 14 days (Fig. 16). No cyclic changes were found in 
the length of the cilia. 

The free ends of the non-ciliated cells extended above the level of 
the basal granules of the ciliated cells in all stages. These extended 
portions have been called cytoplasmic projections. They were least 
prominent in estrual and postestrual stages, the epitheliu.m presenting 
a more level appearance (Fig. 16). During the luteal phase these projec
tions increased in height, and nuclei extended into them. In late luteal 
and proestrual stages these projections were very prominent and ap
peared to be cells in the process of extrusion (Fig. 16, 14-day stage). 
Cells were found free in the lumen in these stages. The change from the 
ragged epithelial surface covered with projecting and extruded cells, 
to the high, level condition of estrus and postestram mu.st take place 
near the beginning of estrus. In two ewes killed near the beginning of 
estrus the ragged epithelial surface, characteristic of late luteal and 
proestrual stages, was present in one case and the high, level condition 
characteristic of estrus, was present in the other case. 

The appearance of the mucosal epithelium of the fimbriated end of 
the Fallopian tube and its cyclical changes are in very close agreement 
with those in the mid-region of the tube. Some differences from the 
mid-portion (Fig. 17) were found in the uterine end of the tube (Fig. 
18). The plicae were less extensive. Ciliated cells predominated and 
cyclic changes were not evident, although tissues at this level were not 
studied in all stages. 

DISCUSSION 
Histological changes in the vaginal mucosa are confined to a period 

of rapid growth during late proestrual, estrual, and postestrual stages, 
followed by regressive changes during the remainder of the cycle. 
The period of growth is likely the result of the action of the estrogenic 
hormone which is produced at the time of estrus. As in rodents the in
creased cornification and desquamation of the epithelial cells near the 
time of estrus in the ewe is also likely brought about by the action of 
the estrogenic hormone. Regressive changes during the luteal phase, 
consisting of the decreased height of the epithelium and the invasion 
of leucocytes, can reasonably be attributed to the absence of estrogenic 
hormone, as similar changes take place following castration (Section V). 

Changes in the cervix indicate a secretory cycle corresponding to 
the estrual cycle. The cells appear to build up during the luteal phase 
with secretions which are discharged during late luteal, proestrual, and 
estrual stages and result in the flow of mucus into the vagina during 
estrus. However, the bulk of the mucus seems to be discharged from 
the cervical cells two or three days before the flow of mucus is noted in 



60 MISSOURI AGRICULTURAL EXPERIMENT STATION 

the vagina and Grant (1934) has pointed out that the amount of mucus 
released into the vagina during estrus is far in excess of the amount 
which could be contained in the cervical lumen. It has been noted that 
the mucu.s in the cervix before estrus is thick and sticky while during 
estrus the mucus of the cervix and vagina is thin and watery. It seems 
reasonable to attribute the increased volume of mucus and its flow into 
the vagina to the process of liquefaction of the mucus, taking place at 
the time of estrus which was suggested by Grant (1934). 

Woodman and Hammond (1925) working with mucl'.S from the 
cervix of the cow have shown that in the process of liquefaction, the 
thick mucus gradually swells to many times its original volume until 
the swollen structure collapses to form the slimy liquid. The process of 
liquefaction then would explain the great increase in the volume of 
mucus from that originally present in the cervix and also the delay 
from the time the bulk of the mucus appears to have been discharged 
from the cervical cells until the flow of mucus appears in the vagina. 

The changes found in the uterus during the estrual cycle quite 
closely agree with those reported by Casida and McKenzie (1932) and 
Cole and Miller (1935). The height of development of the uterine epi
thelium and glands is reached near the middle of the luteal phase which 
is near the time of the expected implantation. Clark (1934) found that 
implantation in the ewe took place near the 11th to 13th days of the 
cycle. The invasion of leucocytes at the time of beginning regression 
of the corpus luteum indicates regressive changes in the uterus at this 
time probably as a result of the removal of the action of the hormone 
of the corpus luteum. 

The most striking changes in the mucosa of the Fallopian tube 
during the estrual cycle are the changes in the height of the epithelium 
and the process of cellular extrusion. The observations were in general 
agreement with those of Snyder in the sow (1933) and in the human 
(1924). The epithelium was highest near the time of ovulation. The 
cytoplasmic projections appeared some time after ovulation and in
creased in prominence as the height of the epithelium decreased. The 
high, level epithelium of estrus is brought about by the action of the 
estrogenic hormone (Section V) and may serve to facilitate the passage 
of eggs and sperm through the tube. The occurrence 0 f cytoplasmic 
projections, resu.lting in cellular extrusion, appear to be a means of cell 
removal which may either be regarded as a holocrine type of secretion, 
as WaS suggested by Casida and McKenzie (1932) or simply as a process 
of cellular regression. The origin of these cells and the manner in which 
the low, ragged epithelium of proestrum is transformed into the high, 
level epithelium of estrus has not been determined. 
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Fig. 13.-litntls d\1ring carly tstrllS (1 hour). Nute LlIJ.;. of full gl<1nJulur 
Jc\'('iopmcnt. Ewe 1251n. x 20. 
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Fig. 14.-tJtl~ rlls dtlrin~ mid~llltcal ph,lst! (7 .9 days) , N o te folding of epithd ial surface. 
Ewe 2~b. ,20. '. 

Fig. l S.- llteri nt:: cpithldiull1 in case (I f abn ormal e<lrly regressi o n of the corpu~ 
luteum (7.4 days). Note invasio n of leucocytes. Ewe 23a. ,720. 

65 
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Fi.!!. 17.--Scctinn thrullgh the mid-region of 
till' F:dl np iall t.ube (15 .0 days). Ewe Sc. x GO. 

Fig. 19.;-Section front \raginal epithelium of 
!.warit.!ctomizcd C\\'C, Ewe 27. x 720. 

Fig. 18.-Scction through the uterine end of 
til<: Fallnpian tube (15.0 days). Ewe Sc x 60. 

Fig. 20.-Section from vaginal epitheli um of 
ovariec to mized ewe killed at end of artificially 
induced est r us. Ewe 30. x 720. 

Nott.: h ig!i(!I' epithelium of t:strus type in Fig. 20 as compared \\'jth castrate type in Fig. 19. 
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I"i g. 2L-,~SI·( 1.i l ll '1 fr.) !l1 ep it helium of Ct!ITix (I f 
O\':lri l' L' lomizeJ e\\"('. Ewe 27. x 720. 

Fi g. 22.- Sl'ctio n from ep it:1H_, liulll. o f cen"ix of 
o\' ~lricctomized t,:\\" <: k ill (~d at end of artilki,dlv 
i'nduct'd estrlts . Ewe 169. X 720. . 

Note in c l" ca:H: kl hcigll1: uf e pitheli u m in tre ated l!\\"e (Fig. 22) . 



Fig. 23.- Section from uterus of oY3riectomized ewe. Ewe Fig. 24.-Section from uterus of ovariectomized ewe killed at 
27. x 365. end of artificially induced estrus. Ewe 30. x 365. 

Note the higher glandular epithelium and the filled glands of the treated ewe (Fig. 24) as c0mparcd with the disorganized condi
tion in the castrate (Fig. 23) . 
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Fig. 25.-Section from the epithelium of 
the Fallopian tube of ovariectomized eme. 
Ewe 27. x 720. 

Fig. 26.-Section from the epithelium of 
the Fallopian tube of ovariectomized ewe 
killed at end of artificiallv induced estrus. 
Ewe 30. x 720. -

Fig. 27.-Section from the epithelium of 
the Fallopian tuhe taken from ewe after 82 
days of administration of Progynon-B. 
Ewe 169. x 720. 

Note the higher epith elia of the treated animals, expecially that fro m the eWe in ext remely prolonged estrus (Fig. 27). 
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Section V.---Experimental Induction and 
Alteration of Estrus and Ovulation 

71 

In previous sections the normal occurrence of estrus and ovulation 
and the accompanying histological changes in the genital tract have 
been described. The experimental alteration and induction of these 
phenomena and changes were attempted not only to obtain information 
to use for their artificial production in the control of fertility but also 
to obtain clues as to the manner in which the normal events are pro
duced. 

REVIEW OF LITERATURE 

No report has been made on the effect of the removal of the corpus 
luteum on the estrual cycle in the ewe. In the guinea pig, removal of the 
corpus luteum accelerates the appearance of the next ovulation and es
trus, Loeb (1911), Loeb and Hesselberg (1917) and Papanicolaou and 
Stockard (1920). It has been a common veterinary practice with the 
cow to accelerate the appearance of estrus and ovulation by squeezing 
out the corpus luteum. Hammond (1927) reported two cases: In one 
the corpus luteum was removed 6 days after the last heat, and estrus 
began after 53 hours and lasted 10 hours, but the follicle did not rup
ture. In the other case the corpus luteum was removed 7 days after the 
last heat, estrus followed in 48 hours and lasted 12 hours. In this case 
ovulation occurred. 

Cole and Miller (1935) have successfully brought ewes into estrus 
during anestrum by the injection of estrogenic hormone alone. The es
trogenic h~rmone used was obtained from mare urine collected between 
the 200th and 300th days of pregnancy. Five ewes came in estrus in 
1 to 3 days after injection of total doses of 400, 800, and 3200 rat units 
(3 cases). In six cases ewes failed to come in heat after total doses of 
100 (2 cases), 400, 800, and 1600 rat units (2 cases). These results in
dicate that estrus is induced with greater regularity with large doses 
although estrus may be induced with as little as 400 rat units. 

The induction of ovulation and estrus with the gonadotropic hor
mone of pregnant mare serum has been investigated by Cole and Miller 
(1933, 1934, and 1935). They found that 50 rat units was the minimum 
dose which would induce ovulation in the ewe. A single injection was 
found to be as effective as injections on 3 consecutive days. Doses of 
100 rat units spaced at 17-day intervals were necessary to produce es
trus and ovulation, but estrus was also induced by spacing injections 
at 7-day intervals. Cole (1936) reports that ovulation occurs about 
72 hours after injection in the ewe. The combined injections of estro-
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genic and gonadotropic hormones were not successful in the production 
of both estrus and ovulation (Cole and Miller 1934, 1935). 

Casida (1934) has induced ovulation in 3-5 month old lambs by in
jecting, subcutaneously, small doses of a pituitary extract, prepared as 
a partially purified follicular-stimulator. 

McKenzie and Bogart (1935) found that 70% of ewes injected 
with gonadotropic hormone of pregnant mare serum or Antuitrin-S 
during anestrum came in estrus as compared with 35% of the non
injected controls during the same time. 

Zavadowsky (1934) obtained ovulation in 90% of the cases with 
more than 2,000 sheep injected during anestrum with Prolan, anterior 
pituitary extract, and whole pregnancy urine. Ovulation was induced 
11 to 48 hours after injection. Ovulation was induced by injections 
during the estrual cycle but in the majority of cases estrus did not occur. 
The normal cycle was maintained. Six of eleven ewes bred 24 to 36 
hours after injection in mid-cycle became pregnant. 

Roux (1936) failed to induce normal estrus with injections of 
Prolan into Merino and crossbred ewes during anestrum. 

Although estrus and ovulation may be induced separately, it seems 
difficult to produce them together. More facts are necessary regarding 
their separate production before the proper dosages and time relation
ships can be worked out. The work reported here does not cover this 
subject exhaustively but some details are presented which may be help
ful in further experimentation. 

RESULTS 

Occurrence of Estrus after Unilateral Ovariectomy.-Single ovar
ies were removed from ewes during the estrual cycle. Data on the 
recurrence of estrus are given in Table 28 for those ewes in which there 
was no ripe follicle (in case of those removed during estrus) or corpus 
luteum in the remaining ovary. In 4 cases in which mature follicles (2) 
or corpora lutea (2) were present in .the remaining ovaries, the cycles 
which followed were all of normal length (16.08 to 16.97 days). This 
would indicate that the observed effects after removal of ovaries with 
the only mature follicle or corpus luteum are primarily due to the re
moval of that follicle or corpus luteum. 

The intervals until the next estrus following the removal of the 
ovaries were of two characteristic lengths, 2-4 days and 19-22 days. A 
laparotomy was performed on ewe 24 at the estrual period after the 
short interval and ovulation was found to have taken place. The 
longer intervals were approximarly one cycle longer than the short in
tervals and may be explained as due to the occurrence of ovulation 
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without estrus after the shortened interval. The mean duration of 
estrus after the short interval (7 cases) was 17.4 hours which is definitely 
shorter than the normal duration of estrus (Section I). The length of 
the interval and the duration of the next estrus do not appear to be 
associated with the time of the cycle at which the ovary was removed, 
but the numbers are insufficient to allow conclusions on this point. 

TABLE 2B.-OCCURRENCE OF ESTRUS AFTER REMOVAL OF THE OVARY WITH THE ONLY MATURE FOLLICLE OR COR
pus LUTEUM. 

Time to 
Time from Follicle or Beginning Duration 

Date Beginning Corpus Luteum in of Next of Next 
Ewe No. Ovary Removed of Estrus Removed Ovary Estrus Estrus 

(hours) (days) (hours) H 39 _______________ 
L 1- 9-35 16.1 Mature follicle _________ 3.22 21 H 24 _______________ 
L 1- 9-35 20.9 Mature follicle _________ 2.27 24 R 55 _______________ 
L 11- 1-35 23.7 Mature follicle _________ 19.00 15 H 27 _______________ 
L 1- 9-35 28 . 8 Mature follicle _________ 3.20 12 H 35 _______________ L 1- 6-35 28.8 Mature follicle _________ 3.80 24 H 169 ______________ R 1-30-35 29.7 Fresh corpus luteum ____ • H 30 _______________ L 9-22-34 36.4 Corpus luteum _________ 19 . 25 21 

R 10--30--35 
(days) 

Corpus luteurn _________ 3.05 4 G 34 _______________ 4 .09 H 99 _______________ R 10--30-35 6.21 Corpus luteuffi _________ 21.34 31 G 47 _______________ R 10-30-35 7.02 Corpus luteum _________ 1.99 25 G 4L ______________ R 12-17-35 8 . 22 Corpus luteuffi _________ 22 . 36 23 G 16 _______________ 
R 12-19-35 10.33 Corpus luteum _________ 2.90 12 

*No more estrual periods occurre,d during that breeding ,season but ovulation was found to have taken place 
after approximately 3 or 4 days in the remaining ovary. 

After the first estrual period following unilateral ovariectomy, the 
duration of successive estrual periods and cycles was normal. 

In six cases ovaries with the only ripe follicles were removed during 
estrus. Those ewes in which the ovaries were removed at 28.8, 28.8, 
and 29.7 hours after the beginning of estrus were out of estrU:s after the 
operation. However, the same results would have been expected if the 
ovaries had not been removed (Section II). In two cases in which the 
ovaries were removed at 16.1 and 20.9 hours, the ewes remained in 
estrus for 8 and 16 hours respectively after the removal of the ovaries. 
In the case in which ripe follicles were present in each ovary, and in 
which one ovary was removed at 5.2 hours, the ewe was out of estrus 
after the operation. In another case in which one ovary had been re
moved previously, estrus ceased immediately after the removal of the 
last ovary at 1.5 hours after the beginning of estrus. Insufficient cases 
were examined to determine if the removal of the only ripe follicle 
early in estrus invariably terminates the estrual period. 

Induction of Estrus.-The artificial induction of estrus with 
Progynon-B was attempted on normal and ovariectomized ewes during 
anestrum and during the breeding season. Progynon-B* is the benzoic
acid ester of dihydro-follicular hormone. A rat unit was taken as the 
minimum amount which would induce estrual smears in a group of 6 

*The Progynon-B was supplied through the courtesy of Schering Corporation. Bloomfield, N . J. 
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ovariectomized rats. Estrus in the ewes was determined by teasing 
with rams at 3-hour intervals as was described in Section I. 

The object of the first series of injections wis to determine, by 
giving varying' doses of Progynon-B, the minimal optimum dose which 
could be expected to induce r,egularly, estrual periods of about normal 
duration. The results are given in Table 29. Estrus was induced with 
a dose as small as 520 rat units. Best results were obtained with doses 
from 900 to 1500 rat units. Within this range the average time from 
the first injection to onset of estrus was 42 hours and the average dura
tion of estrus was 47 hours. As the average duration of the induced 
estrual periods was somewhat longer than normal, it appeared that a 
dose slightly less than 900 rat units might give estrual periods of more 
nearly normai duration. There appeared to be no particular advantage 
in giving more than one injection. Thus, the minimal, optimum dose 
was estimated to be about 800 rat units given in a single injection. 

TABLE 29.-RESULTS OF hUECTIONS OF PROGYNON-B IN VARYING DOSES TO EWES DURING ANESTRUM. 

Time from 

Date No. of Interval Total 
1st Injec-

tien to 
of 1st Equal Between Dose, Rat Onset of Duration 

Ewe No. Injection Injections Injections Units Estrus of Estrus 

6- 9-35 
(hrs.) 

300 
(hr •. ) (hrs.) 27 ______________ 

3 8 
30 55 169 ______________ 

6-17-35 4 8 520 156 ______________ 6-17-35 3 8 600 17 9 24 ______________ 6-17-35 1 600 23 31 
79 _____________ _ 

6- 2-35 6 8 600 67 36 156 ______________ 6- 9-35 3 8 600 79 ______________ 
6-17-35 6 8 600 

20 69 24 ______________ 6- 9-35 3 8 700 
92- _____________ 

6-17-35 3 8 720 53 18 105 ______________ 
6-17-35 6 8 720 39 ______________ 
6-17-35 3 8 720 27 ______________ 
6-17-35 1 720 

107 ______________ 6-17-35 6 8 740 36 ______________ 
6-17-35 1 760 

25 37 70 ______________ 
6-17-35 1 -8 900 70 ______________ 
6- 9-35 3 900 29 59 

35 ______________ 
6- 2-35 6 8 1200 27 81 

35 ______________ 6-17-35 1 -8 1200 34 60 154 ______________ 
6-17-35 6 1200 44 48 30' ______________ 6-17-35 3 8 1200 56 6 

30' ______________ 6- 9-35 3 8 1200 85 24 20' ______________ 6- 9-35 3 8 1500 34 54 20' ______________ 6-17-35 3 8 1500 46 52 169 ______________ 6- 2-35 6 8 1800 
154 ______________ 

6- 2-35 6 8 2400 27 92 70 ______________ 
6- 2-35 6 8 2680 156 ______________ 6- 2-35 6 8 3000 

lEwe 30 was ovariectomized on 9-11-35. 
'Ewe 20 was underdeveloped sexually and had never been in estrus normally. 

The object of the next trial was to determine the kind of response 
which could be obtained by injecting Progynon-B in single doses of 800 
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rat units each. The results of a series of 52 injections are given in Table 
30. Only 44% of the injections were followed by estrual periods. The 
time from injection to the onset of estrus varied from 21 to 174 hours 
with a mean of 50 hours. The duration of the induced estrual periods 
ranged from 6 to 91 hours with a mean of 47 hours. Thus, the duration 

TABLE 30.-RESULTS OF INJECTIONS OF PROGYNON-B IN DOSES OF 800 RAT UNITS TO EWES DURING 
ANESTRUM. . 

Ewe No. 

15 ______________________________________ _ 
15 _______________________________ ___ ____ _ 
24 ______________________________________ _ 
24 _______________ _______ _____ ___ ___ __ ___ _ 
24 __ ____________________________________ _ 
24 __ __ _______ ___________________________ _ 
35 ______________________________________ _ 
35 ______________________________________ _ 
35 _______ _______________________________ _ 
35 ____ __ __________ _________________ _____ _ 
36 ____ ___ ______________________ ______ ___ _ 
36 ___________________________ _______ ____ _ 
36 __ _________________ __ __________ ___ ____ _ 
39 ______________________________________ _ 
48 _________ ___ __________________________ _ 
48 ______________________________________ _ 
48 ______________________________________ _ 
70 ______________________________________ _ 
70 ______________________________________ _ 
70 ___ _________ __ ________________________ _ 
70 _______________ _______________________ _ 
79 ______________________________________ _ 
79 ______________________________________ _ 
79 _______________________________ _______ _ 
79 _______________________ _______________ _ 
86 ______________________________________ _ 
86 ________ ______________________________ _ 
86 ____________________________________ __ _ 
92 ______________________________________ _ 
92 ___ ____ ________ _____________ __________ _ 
92 ______________________________________ _ 
92 ____ ___ _______ ________________________ _ 

105 _________ _____________________________ _ 
105 ______________________________________ _ 
105 ______________________________________ _ 
105 ______________________________________ _ 
107 ______________________________________ _ 
107 ______________________________________ _ 
107 ___ ___ __ __ _______________________ _____ _ 
107 ______________________________________ _ 
156 ______________________________________ _ 
156 ______________________________________ _ 
156 ______________________________________ _ 
156 ______________________________________ _ 

201 _____ - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - --20 ______________________________________ _ 
20 ______________________________________ _ 
20 ____ __________________________________ _ 
30' ______________________________________ _ 
30 ______________________________________ _ 
30 __ __ _______ __ _________ __ ______________ _ 
30 ______________________________________ _ 

Date of 
Injection 

7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7-30-35 
6-24-35 
7- 2-35 
7-16-35 
7- 30-35 

Time from 
Injection 
to Onset 
of Estrus 

(hr •. ) 

25 
26 
51 
33 
56 

21 
174 

39 

23 

54 

45 

89 
26 
45 

39 
51 
32 

102 

29 
50 

32 

91 
40 

lEwe 20 was underdeveloped sexually and had never been in estrus normally. 
'Ewe 30 waR ovariectomized on 1-20-35. 

Duration 
of Estrus 

(hro.) 

4S 
90 
48 
56 
22 

72 
27 
59 

48 

9i 

26 

-6 
90 
67 

52 
42 
30 
24 

16 
85 

38 
30 
-6 

of estrus was about the same as with the larger doses but the percentage 
of response was much lower. It would appear that the size of the dose 
has a greater effect on the percentage of response than on the duration 
of· the induced estrus. There is also the possibility that the poor re-
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sponse in the second trial might have been improved by glvmg the 
doses in more than one injection. 

From the data in Table 30 it appears that when the time from in
jection to onset of estrus is short, the duration of estrus is long; and 
when the time from injection to estrus is long, the duration of estrus is 
short. The correlation between the time from injection to onset of 
estrus and the duration of estrus, for the 23 cases given in Table 30 
was negative (r = -.373), but was not significant. 

The artificial induction of estrus was attempted during the breed
ing season to determine if estrus might be induced at all times of the 
cycle and also to determine how the normal cycle might be altered by 
such treatment. Unfortunately the injections were given near the end 
of the breeding season and thus 8 of the 20 ewes were injected after 
their last estrual periods of the season. Doses of 1000 rat units of 
Progynon-B were given in 5 injections of 200 rat units each, at 6-hour 
intervals. 

The results of injections of Progynon-B to ewes during the breeding 
season are given in Table 31. The normal estrual period was prolonged 
in one of two ewes injected during estrus. Two ewes injected just after 
the end of estrus came back in estrus in slightly over 24 hours. In one 
of these the current estrual cycle was prolonged. Of 11 ewes injected 
from the 3rd to 10th day after the onset of estrus, only one came in es
trus following the injections and this ewe had no more estrual periods 
in this season. Of the 7 ewes that came back in estrus 3 had cycles of 
normal length, 3 had cycles slightly shorter than normal, and in one the 
cycle was double the normal length. 

Four ewes which were injected on the 13th and 14th days all had 
estrual periods at about the normal time. One of these ewes remained 
in estrus considerably longer than normal. The following cycle was ab
normal in each case. One was shortened and the other two were 20 
and 21 days in length. 

Estrus was induced in the ovariectomized ewes during the breeding 
season with considerable regularity (Table 31b). Ewe 20 which was in
cluded in this group was 4 years old and had never been in estrus 
normally. At slaughter her genital organs were found to be infantile. 

Ewes 30 and 169 were slaughtered at the end of artificially induced 
estrual periods and ewe 27 (uni~jected) was killed at the same time. 
Ewes 27 and 169 had been ovariectomized for 5 months and ewe 30 for 
13 m~nths. Estrus had been induced artificially in all three ewes 33 
and 75 days previous to the date of slaughter (Table 31b). 

In the uninjected castrate, ewe 27, histological evidences of regres
sion were found in each of the genital organs. In the vagina the epithe-



TABLE 31.-RESULTS OF INJECTIONS OF PROGYNON-B IN EWES DURING THE BREEDING SEASON.I 

Date of Day of 
Ewe No. Injection Cycle 

(a). Normal Ewes: IB ______ ___________ 1-25-36 0.3 
70 _________________ 2-27-36 1.3 
39 _________________ 2-27-36 1.7 

154 _________________ 1-25-36 2.0 
15 _________________ 1-25-36 3.0 39 ______ ___ ________ 1-25-36 3.0 36 _________________ 1-25-36 4-.0 105 _________________ 12-14-35 5.0 

10L _______________ 12- 14-35 6.0 24 _________________ 2-27-36 8.0 28 _____ __ __________ 1-25-36 8.0 154 _________________ 12-14-35 9.0 

39 _________________ 12-14-35 9.0 156 _____ ___ _________ 1-25-36 10.0 107 _________________ 2-27-36 10.0 24 ___ __ _____ ____ ___ 1-25-36 13.0 
70 _________________ 1- 25-36 14 .0 107 __ c ______________ 1- 25-36 14.0 
99 ____________ _____ 2-27-36 14.0 
92 _______ ______ ___ _ 1-25-36 17 . 0 

(b). Ovariectomized and 
Other Ewes: 20' _____________ ___ 12- 14-35 

27' _____ _____ ______ 12-14-35 30' ___ __ ___________ 12- 14-35 
169' ________________ 12-14-35 20 _________________ 1-25-36 27 _________________ 1- 25-36 30 _________________ 1-25-36 169 _______________ __ 1-25-36 
30 _________________ 2-27-36 169 _______ __________ 2-27-36 

Time from 
lot I nj ection 

to Onset 
of Estrus 

(hr •. ) 

0 

0 

28 

27 

96 

82 

27 
49 
54 

111 

35 
33 
33 
33 

39 
46 
27 
36 
24 

Duration 
of 

Estrus 

(hrs.) 

97 

26 

49 

15 

34 

30 
3B 
83 

15 

51 
59 
39 
54 

36 
30 
49 
12 
24 

Notes 

Normal estrus ended 3 hours after first injection-next cycle was 
16.7 days in length. 

Injected during normal estrus. Remained in estrus 4-2 hours after 
1st injection-end of breeding season. 

First injection was given one hour after end of normal estrlis-end 
of breeding season. 

During cycle of IB.7 days in length. 

During cycle of 17.7 days in length. 
During cycle of 17.1 days in length. 
End of breeding season. 
End of breeding season. 

During cycle of 17,4 days in length. 
End of breeding season. 
End of breeding season. 
During cycle of 15.8 days in length. 

During cycle of 15.3 days in length. 
During cycle of 33.5 days in length . 
During cycle of 15.0 days in length. 
Coincided with normal estrus-next cycle was 21.0 days in length. 

Coincided with normal estrus-next cycle was 15.3 days in length. 
Coincided with normal estrus-next cycle Was 20.4 days in length. 
Coincided with normal estrus-normal estrus probably prolonged-

end of breeding season. 
End of breeding season. 

Slaughtered 2-29-36. 
Slaughtered 2-29-36. 

lEach ewe was injected with a total of 1,000 rat units given in 5 injectiona of 200 rat units at 6-hour intervals. 
tEwe 20 was underdeveloped sexually and had never been in estrua normally. 
'Ewe 27 was ovariectomized on 9-11-35. 
'Ewe 30 was ovariectomized on 1-20-35. 
'Ewe 169 was ovariectomized on 9-10-35. 
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lium was low (average of about 82 micra), the basement membrane was 
indistinct, and leucocytes were prevalent (Fig. 19). In the cervix the 
epithelium was extremely low (average of about 15 micra), the epi
thelial cells took a dark stain and were indistinct (Fig. 21). 

The epithelium of the uterine glands was low, the cells took a dark 
stain, the lumina of the glands were practically closed and the stroma 
was dense (Fig. 23). In the mucosa of the Fallopian tube the epithe
lium was low (average of about 18 micra). Cytoplasmic projections were 
present but were not very prominent (Fig. 25). 

In the injected castrate ewes the recovery from the castrate condi
tion was remarkable. In the vagina the epithelium was much higher 
(average of about 110 micra) and the cells near the basement membrane 
were crowded and the nuclei were perpendicular to the basement mem
brane (Fig. 20) as contrasted to the· unorganized conditon in the cas
trate (Fig. 19). The epithelial cells of the cervix were more than twice 
the height of those in the castrate (average of about 32 micra) and 
plump nuclei were located near the basement membrane (Fig. 22). 
The uterine stroma was more edematous, the glandular epithelium was 
higher and the lumina of the glands were much larger (Fig. 24). In the 
Fallopian tube the epithelium of the injected castrate ewes was higher 
(average of about 25 micra) and the surface of the epithelium was 
more nearly level (Fig. 26) than in the castrate ewe. 

The histological picture in the genital organs of the injected cas
trate ewes approached that of the normal ewe in estrus as described in 
Section IV (Compare Figs. 10, .S-day stage, and 20; 11, .S-day stage, 
and 22; 16, .S-day stage, and 26). 

Four ewes were kept in practically continuous estrus during anes
trum by the daily injection of 200 rat units each of Progynon-B for 82 
days. One ewe came in estrus on the second day of injections and re
mained in estrus for 105 days or 24 days after injections ceased. The 
other 3 ewe~ were in estrus somewhat irregularly at first. One ewe did 
not come in estrus until after 13 days. After about 2 weeks of continu~ 
ous estrus the behavior of these ewes became very much like that of the 
male. They became more active and restless and would tease other 
ewes, using the same actions as were described for the ram (Section I). 
They would mount and ride ewes in heat. Such behavior has not been 
observed in the normal ewe in estrus. A section from the Fallopian tube 
of one ewe at the end of injections is shown in Fig. 27. Note the high, 
level epithelium with an occasional cytoplasmic projection. Two of 
these ewes · were observed during the following breeding season. The 
occurrence of estrus was irregular in one ewe throughout the season. 



Ewe 
No. 

15 
15 
15 
15 

56 
56 
56 
56 
86 
48 

16 
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In the other ewe the occurrence of estrus was normal during the latter 
part of the breeding season. 

Induction of Ovulation.-The object of this investigation was to 
determine the time of ovulation after injection of pregnant mare serum 
in the ewe during anestrum. Pregnant mare serum was given subcu
taneously in single injections of 300 to 400 rat units. A rat unit was 
taken as the smallest amount which would induce ovulation in the im
mature rat. Laparotomies were performed in some cases at the time 
of injection and at intervals afterward to observe the ovarian response. 

Ovulation was obtained in 5 of 11 cases (Table 32). The time of 
ovulation after injection was less than 36 and less than 48 hours in two 
cases, between 35 and 60 hours in one case, and after 37 and 72 hours 
in the other two cases. Estrus was obtained in only one of the 11 cases. 
The ovulation rates for the induced ovulations varied from 1 to 3 with 
an average of 2. 

TABLE 32.-INDUCTION OF OVULATION I~ THE EWE BY THE USE OF PREGNANT MARE SERU~[. 

Date of Dose 
r njection (Rat units) 

4--12-35 300 
4--28-35 330 
5-16-35 400 
6- 1-35 400 

4--14--35 300 
4--30-35 330 
5-16-35 400 
6- 1-35 400 
5- 7-35 400 
6-12-35 400 

6-12-35 400 

Estrus Sti mulation 

_____ • ___ ._._.____ One follicle ruptured in less than 48 hours. 
._ •• _ ...• _._._ ..• _ One follicle ruptured in less than 36 hours. 
__________________ No ovarian changes. 

{42 hr. till onsec ____ } No ovarian changes before 72 hours-3 large corpora 
21 hr. duration_____ lutea present at 17 days. 
__________________ No ovarian changes. 
_______ ._. ___ ._.__ No ovarian changes. 
_._._. _____ .______ No ovarian changes. 
._ ... _ ..... ___ ._.. Ovary greatly enlarged after 16 days. 
__________________ No ovarian changes. 
._ ... _. ___ •. _ .• __ . No change before 37 hours-2 large corpora lutea found 

at 16 days. 
._ ••• _ .•...•. _._.. 3 follicles ruptured between 35 and 60 hours. 

DISCUSSION 

The interval after removal of the only mature follicle or of the only 
corpus luteum until the next ovulation and estrus (2-4 days) was very 
similar to the interval from the time of beginning regression of the cor
pus luteum until the time of estrus and ovulation in the normal cycle. 
Thus, the removal of the influe~ce of either the ripe follicle or the corpus 
luteum seemed to start off the series of interactions between the anterior 
pituitary and the ovary which resulted in estrus and ovulation. 

The percentage response in the artificial induction of estrus depends 
to a certain extent on the amount of hormone given. Thus, the occur
rence of ovulation without estrus at the beginning and end of the breed
ing season may be due to the production of smaller amounts of estro
genic hormone at these times. The amount of hormone necessary to 
induce estrus regularly, induced estrual periods of longer duration than 
normal. This might have been due to the inefficiency of the method of 
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administration as compared with that in the normal animal. The du
ration of the induced estrual periods appeared to be independent of the 
size of the dose. Thus, within certain limits the hormone was probably 
excreted from the body in about the same length of time regardless of 
the size of dose given. Variations in the time from injection to onset 
of estrus and in the duration of estrus may have been largely due to 
variations in the rate of absorption from the site of injection although 
in a single case in which an aqueous solution of Progynon-B was in
jected directly into the blood stream, the time from injection to onset 
of estrus (25 hours) was only slightly shorter from those in which the 
hormone w~s injected subcutaneously in a solution of oil. 

Injections of Progynon-B during the breeding season showed that 
estrus was induced with difficulty during the estrual cycle. The effect 
on the current estrual cycles was variable. One case of an injection 
early in the cycle resulted in prolongation of the cycle. Injections during 
the luteal phase in some cases resulted in cycles shorter than normal, 
indicating that the life of the corpus luteum may have been shortened. 
The 20-21 day cycles following injections on the 13th and 14th days 
of the cycle may have resulted from interference with ovulation although 
no dii'ect evidence was obtained. 

The induction of male behavior in the ewe by continuous injec
tions of Progynon-B cannot be explained with information now at hand. 
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Summary and Conclusions 

SECTION I. 

1. Observations on the occurrence of estrus are reported for 344 
ewes (Hampshire, Shropshire, Southdown, Rambouillet, and grade) 
observed during seven breeding seasons from 1929 to 1936. 

2. In general, the breeding season extended from September to 
January. In groups having a longer breeding season there was a ten
dency for both the beginning and the end of the breeding season to be 
extended and vice versa. Lambs had a shorter breeding season than 
mature ewes. 

3. The signs of estrus are described. Intensity of heat was ex
tremely variable, tending to vary with individuals rather than with any 
other factor. The beginning and end of estrus were either abrupt or 
gradual. There was a tendency for a larger number of estrual periods 
to be initiated between midnight and noon than between noon and 
midnight. 

4. The duration of 1,235 estrual periods ranged from 3 to 73 hours 
with a mean of 2:9.33 hours. 

5. Of 1,038 estrual cycles, 938 were within the range of 14 to 19 
days in length with a mean of 16.72 days. 

6. There was no significant correlation between the duration of 
estrus and the length of the preceding or subsequent estrual cycles. 
There were significant negative correlations between the duration of 
estrus and the preceding and succeeding intervals (time between end 
of one estrus and onset of next). 

7. The 100 cycles which fell outside of the range of 14 to 19 days 
were considered as abnormal. Evidence is presented which indicates 
that ovulation without estrus, failure of ovulation and luteinization, 
and prenatal death of the embryo are probable immediate causes of 
some of the abnormal cycle lengths. 

SECTION II 

8. A total of 219 laparotomies were performed during and following 
estrus on ewes (74) under local anesthesia to observe the rupture of the 
Graafian follicle and other ovarian changes. 

9. The process of ovulation, which is described in detail, consisted 
of a swelling out of the mature Graafian follicle, the formation of a clear 
area near the apex, and the pushing out from this clear area of a tiny 
cone, from which rupture occurred allowing the liquor folliculi contain
ing the ovum to flow away. The appearance of the rupture was vari-
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able, sometimes with a spurt, or with just a break in the follicular wall 
allowing the contents to flow out. Bleeding within the follicle usually 
followed the rupture. 

10. The time of ovulation varied from earlier than 12 hours after 
the onset of estrus to later than 41 hours after the ons-et of estrus. 
The mean preovulatory period for the various groups was closely similar 
to the mean duration of estrus. 

11. Ovulation was found to occur as early as 11 hours before the 
end of estrus and as late as 6 hours after the end of estrus. In general 
ovulation was found to occur near the end of estrus: 

12~ The time of ovulation is definitely ass~ciated with the duration 
of estrus when compared between breed groups. 

13. The time between double or twin ovulations varied from 0.37 
to 7.30 hours with a mean of 1.73 hours between each of double ovu
lations. 

14. The ovulation rate varied from one to three and the means of 
the various groups ranged from 1.06 to 1.52. 

15. The preovulatory period ·was longer when two follicles rup
tured than when only one did, but the length of estrus or of the estrual 
cycle was unaffected. 

16. The ovaries of mature ewes were larger than those of lambs 
and yearlings, but there were no definite changes in ovarian size during 
a single breeding season. 

17. The numbe'r of small follicles on the surface of the ovary was 
quite variable withi~ and between individuals but showed a tendency 
to decrease toward the end of the breeding season. 

18. Ovulation occurred in both ovaries in every animal observed 
but more often in the right ovary. There was no definite pattern for 
the order of ovulation between the two ovaries. 

SECTION III 

19. Hampshires had longer estrual periods than Shropshires, South
downs, and Rambouillets. Hampshires also had longer preovulation 
periods (onset of estrus to ovulation time) and higher ovulation rates 
than Rambouillets. 

20. Lambs and yearlings had shorter estrual periods, shorter pre
ovulatory periods and lower ovulation rates than mature ewes. There 
were slight decreases in ovulation rate and in duration of estrus, and an 
increase in cycle length in older ewes (5 to 8 years). 

21. Significant individual differences within breed and age groups 
were found in the length of the estrual cycle, duration of estrus (only in 
group H'35), preovulatory period, and ovulation r-ate. 
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22. During the course of the breeding season there was an increase 
in the length of the estrual cycle. The duration of estrus was shorter 
during the first and last months of the br~ding season. The preovula
tory period decreased during the breeding season, and the ovulation 
rate was lower during the latter part of the breeding season. 

23. Ovulation without estrus occurred in 16 of 17 cases approxi
mately one cycle prior to the first estrus of the breeding season, and in 
9 of 15 cases approximately one cycle after the last estrus of the breeding
season. 

24. Sterile copulation tended to shorten the duration of estrus but 
had no effect on the length of the estrual cycle, preovulatory period,. 
or rate of ovulation. 

25. Ewes kept on a low plane of nutrition had a shorter breeding
season, longer estrual cycles, shorter preovulatory periods, and lower 
ovulation rates but showed no difference in the duration of estrus when 
compared with similar ewes kept on a high plane of nutrition. 

SECTION IV 

Vagina 

26. The stratified epithelium of the vagina reached its greatest 
height during estrus and postestrum following a period of rapid growth 
and decreased to lowest height during late luteal and early proestrual 
stages. , 

27. Cornification and desquamation of the superficial layers of the 
vaginal epithelium, though present during most of the cycle, were 
greatest in postestrual stages. 

28. Leucocytes were most abundant in the vaginal mucosa during
the luteal phase of the estrual cycle. 

29. Edema of the stroma of the vagina and congestion of the 
stromal blood vessels were greatest during proestrual and estrual stages. 

ICervix I 

30. Sections of the cervix stained with thionin to demonstrate 
mucus showed the least amount of mucin material in the cervical epi
thelial cells during estrus and the greatest amount in late luteal stages. 

31. In mid- and late luteal stages many of the cells were distended 
with secretory products, and the nuclei were crowded to the basal por
tions of the cells. 

32. Mucus was most abundant in the cervical lumen in proestrual 
and early estrual stages. 

33. The consistency of the cervical mucus was thick and sticky in 
early proestrum but it became more fluid during estrus. 
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Uterus 
34. Edema of the stroma and congestion of stromal capillaries 

were greatest in estrual and postestrual stages. 
35. There was increased growth and coiling of the uterine glands 

during postestrual and early luteal stages, reaching the height o"f devel
opment in the mid-luteal stage, followed by regression of the basal por
tions of the glands in proestrual and early estrual stages. 

36. Folding of the epithelial surface was marked and invariably 
present in mid-luteal stages. 

37. Leucocy.tes were found in the stroma and epithelium in far 
greater numbers at the time of beginning regression of the corpus 
luteum. 

Fallopian Tubes 
38. The height of the tubal epithelium, as measured to the level 

of the basal granules of the ciliated cells, was greatest during estrual 
and post-estrual stages and decreased to the lowest height at the erid 
of the h~teal phase. 

39. Cytoplasmic projections were lowest during estrual and post
estrual stages and increased in prominence during the luteal stage. 

40. Extrusion of the projecting cells from the tubal epithelium 
took place in late luteal and proestrual stages. 

SECTION V 

41. The removal of the ovary with the only mature follicle or the 
only corpus luteum, during the estrual cycle, resulted in ovulation and 
usually estrus after 2-4 days. The duration of estrus after these short 
intervals was definitely shorter than normal. 

42. Estrus was induced during anestrum with as low as 520 rat 
units of Progynon-B, but the most regular response was obtained with 
900 to 1500 rat units. 

43. Only 44% of 52 cases of ewes given single injections of 800 rat 
units of Progynon-B came into estrus. The time from injection to 
onset of estrus varied from 21 to 174 hours with a mean of 50 hours. 
The duration of the induced estrual periods ranged from 6 to 91 hours 
with a mean of 47 hours. 

44. Injections of Progynon-B during the breeding season in normal 
ewes were effective in inducing estrus only when given near the time of 
normal estrus and were followed by irregularities in the current es
trual cycles. 

45. Histological evidences of regression were found after ovari
ectomy in each of the genital organs studied, chief of which were marked 
decreases in the height of the epithelia. 



RESEARCH BULLETIN 264 85 

46. The induction of estrus with Progynon-B in ovariectomized 
ewes was accompanied by marked recovery from castrate condition, 
consisting chiefly of marked increases in the height of the epithelia of 
the genital organs. 

47. The behavior of ewes kept in continuous estrus by daily in
jections of Progynon-B became very similar to that of the male. 

48. Ovulation was induced in anestrual ewes with pregnant mare 
serum in 5 of 11 cases. The time of ovulation after injection varies 
from less than 36 hours to more than 72 hours. 

The observations and results are discussed and interpreted with 
regard to their b~-aring on the explanation of the normal production of 
~strus and ovulation, and with regard to the extent which various fac
tors may affect estrus and ovulation. 



86 MISSOURI AGRICULTURAL EXPERIMENT STATION 

BIBLIOGRAPHY 
Aitken, W. A .. Som~ Ob.rervations on tlu Outrous Cycle and Reproductive Phenome'na of th~ Mar~. In 

Journal of the American Veterinary Medical Association, New Series, XXIII (1927), pp. 481-491. 
Allen, E., McKenzie, Fred F., Kennedy, ]. W., and Beare, W. K., Estl1lal Periods, Ovar·ian ChangtJt

and Tubal Ova in Shup. I n Anatomical Record XLVIII Supp!. (1931) p. 9. 
Alongi, G., Sulfa comparsa dci "calore" ! sulia lora durata in alcuni animali dontStici (cavclla, vacca, 

paora, cagno, scrofa, capra) di varie d'Italia. In Rass. Studi Sess. Eugen., IV (1924), pp. 85-91. 
158-165. Cited from Grant (1934). 

Assheton, R., The morphology of tlz! ungulate piaanta, particularly the devtlopment of that organ in th~ 
shup. and nott'S upon the placenta of the elephant and hyrax. I n Philosophical Transactions of 
the Royal Society of London, B, CXCVIII (1906), pp. 143-220. 

Bell, A. G., Sheep Breeding Experiments. In Science, N. S., XXXVI (1912), pp. 378-384. 
Berliner, Victor R., Studies on Reproduction. Part I: Factors Influencing Fertility in Shup and 

Swine. Thesis (1934), University of Alberta. 
Bonfert, A., Contributiuni la st1ldiul vietti sexual! a oilor. In Bulet. Assoc. Gen. Med. Vet. Roumania. 

XLV (1933) pp. 215-233. Abstract in Animal Breeding Abstracts II (1934) p. 114. 
Bowstead, J. E. 1'1" Effut of Breeding Immature Ewes. In Scientific Agriculture, X (1930), pp. 

429-459. 
Carlyle, W. L., and McConnell, T. F., Some Observation! on Sheep Breeding from the Experiment Sta

tion Flock Ruords. In Wisconsin Agricultural Experiment Station Bulletin, 95 (1902) pp. 1-19. 
Caslda, Lester Earl, and McKenzie, Fred F., The Oestrous Cycle of the Ewe: Histology of the Genital 

Tract . I n Missouri Agricultural Experiment Station Research Bulletin 170, 1932. 
Casida, L. E., Ovarian Stinw.latioll in Immaturt Farm Animals. Abstract in Proceedings American 

Society of Animal Production, 1934, pp. 144-145. 
Chapman, A . B., and Lush, J. L., Twinning, Sex Ratios, and Gtnttic 1/ ariability in Birth Weight in 

Sheep. In Journal of Heredity, XXIII (1932), pp. 473-478. 
Chapman, A. B., Analysis oj Variation! in the Sexual Cycle and Some of its Component Phases. Ph.D_ 

Thesis (1935), University of Wisconsin. 
Clark, Richard Turnbull, Studi" on the Physiology of Reproduction in the Sheep. I. The Ovulation 

Rate oj tl" Ewe as Affected by the Pla"e oj Nutrition. In Anatomical Record, LX (1934), pp. 
125-134. 

Clark, Richard Turnbull, Studies on the Physiology oj Reproduction in the Sheep. I I. The Clevag~ 
Stag!! oj the Ovum. In Anatomical Record, LX (1934) pp. 135-159. 

Cole, Harold Harrison, and Miller, Robert Frederick, The raginal Smear of the Ewe. In Proceed
ings of the Society for Experimental Biology and Medicine, XXVIII (1931), pp. 841-843. 

Cole, Harold Harrison, and 1\.1iller. Robert Frederick, Data On Reproduction in the Shu-po In An~
tomical Record, LlI Supplement (1932a), p. 49 (Abstract). 

Cole, Harold Harrison, and Miller, Robert Frederick. Paginal Smear of the Euu. In Anatomicat 
Record, L1I Supplement I (l932b), p. 50 (Abstract). 

Cole, Harold Harrison, and Miller, Robert Frederick, Tlu Changes in tJu RepToductirJ~ Or.gans of the 
Ewe with Some Data Bearing on Their Control. In American Journal of Anatomy, LVII (1935). 
pp. 39-97. 

Cole, Harold Harrison, and Miller, Robert Frederick, The (/ftct of gonad-stimulating hormo1tt, of 0(1-
trin, and oj the two combined upon the ewe during anoutrum. In Anatomical Record, LVIII 
Supple. (1934), p. 56 (Abstract). 

Cole, Harold Harrison. On tlu Biological Propertiu oj Mart Gonadotropic Hormone. American Jour
nal of Anatomy. LIX, pp. 299·331. July, 1936. 

Corner, G. W., and Amsbaugh, A. E., Oestru! and Ovulation in Swine. In Anatomical Record, XII 
(1917), pp. 287-291. 

Darlow, A. E., and Hawkins, L. E., The Oestru! Cycle in the Sheep. In Proceedings of the American 
Society of Animal Production, (1931) pp. 205-207. 

Darlaw, A. E., and Hawkins, L. E., The Influence of Nutrition on the Oestrous Cycle in thl/' Ew" In 
Proceedings of the American Society of Animal Production, (1932), pp. 173-176. 

Darlow, A. E .. and Hawkins, L. E., Tht Infiut11.u of Nutrition on Reproduction in Sheep. In Pro
ceedings of the American Society of Animal Production (1933), pp. 186-189. 

Dempsey, Edward W., Hertz, Roy, and Young, William C., The hormonal production oj sl/'xual rae-p
tivity in the female guinea pig. In Anatomical Record LXIV Supple. (1936), p. 13. 

Dry, F. W., A Note on Length of OestroU! Cycle and Duration of Pregnancy in Romney Ewes. In 
New Zealand Journal of Agriculture, XLVII (1933), pp. 386-387. 

Elpatjevskii, D., (The Influence of Meteorlogical FactOr! On the ManiJestion of Heat in Sheep). 
vodstvo, No.7 (1934), pp. 32-34. Abstract in Animal Breeding Abstracts, II (1930), 

Fisher, R. A., Statistical Methods for Research Work"s. Edinburgh, Oliver and Boyd, Fifth 
edition (1934). 

Ovce
p. 323. 
revised 

Gill, D. A., Length of Oestrous Cycle and Duration of Pregnancy in Ewe;. In New Zealand Journal 
of Agriculture, XLVII (1933), pp. 305-307. 

Grant, R., Occurrence of Ovulation Without Heat in the E'we. In Nature, CXXXI (1933), p. 802. 
Grant. R., TIlt Pigmentation 0/ tht Uttrin: Mucosa of tht Ewe. In the Veterinary Journal 

LXXXIX (1933), pp. 271-274. 
Grant, R., Studie; on the Phy!iology of Reproduction in the Ewe. Part I . Tiu Symptom!, Periodicity. 

and Duration of Ontru!. Part I I. Changes in the Vagina and Cervix. Part I I I. Gross Change> 
in the Ovarie!. In Transactions of the Royal Society of Edinburgh, LVIII (1933-1934), pp. 1-47. 

Green, Willard \Vynn, and Winters, Lawrence Merriam, Studies on tht Ph;ysiology of Reproduction 
in the Shup. I I I. The Time of Ovulation and Rate of Sperm Traoel. In Anatomical Record. 
LXI (1935), pp. 457-469. 

Hammond, John, The Physiology of Reproduction in the Cow. Cambridge, Cambridge University 
Press, 1927. 

Hammond, John, Further Observations On the Factors Control/ing Fertility and Foetal Atrophy. In 
Journal of Agricultural Science, XI (1921), pp. 337-366. 

Hammond, John, Qudqun progru n01!.fJtlltment faits dans la scitnu relative a'ia reproduction des cht
vaux. I n Special Report of the 16th Cangres I nterna t d' Agriculture, Budapest, June, 1934. 

Hammond, John, Oestrus and Of)ulation .in the Mart. In Summaries of Communications, XV Inter
national Physiological Congress (1935), pp. 142-143. 



RESEARCH BULLETIN 264 87 

Hawkins. L. E., and Darlow, A. E., lIisto[ogy of tlu R(producti'{)~ Tract in tlu E':a( Du,ring tltt Oestrous 
Gycle. In Proceedings of the American Society of Animal Production,(1933), pp. 274-277. 

Heape, W., Note on the Fertility of Differc·nt .Bruds of Sltup, with Remarks on tlte Prevalence of Abor
tion and Bar"nness The"in In l'roceedings of the Roy.l Society B., LXV (1899), pp. 99-111. 

Hemmingsen. Axel M., Studie.s on the Oestrous-producing Hormone (Ot'Strin). In Skandinavisches 
Archiv Fur Physiologie LXV (1933), p~. 97-250. 

Hemmingsen, Axel M., and Kararup, N. B., SMjting tl" Oestrous Cycle in the Rat Twei.- lIours by 
Artificial Day- Ni/!.Iz.t RC'l)trsal. In Summaries of Communications. XV International Physio
logical Congress (1935), p. 150. 

Hill, R. T., Allen, Edgar, and Kramer, T. C. , Ginemicrographic Studies oj Rabbit Ooulation. In Ana
tomical Record, LXIII (1935), pp. 239-245. 

Hinsey, Joseph C., Oz·ttlation in the Rabbit (uu:cha1U'sms infJolvtd). In Anntomical Record, LXIV 
Supple. (1936), p. 22. 

Humphrey, G. C., and Kleinheinz, F., OburvationJ on Sheep Breeding from Records of tlu Uni'lUrsit'Y 
Flock. In 24th Annual Report of the Wisconsin Agricultural Experiment Station (1907), pp. 
25-40. 

Ivanow, E. I., (Correlation betwan Orwlation and lIeat in Sheep). Preliminary Communication. 
From the Zootechnical Station, Askania-Nova (1913). (Translation through the courtesy of 
M. V. Cytovich, University of Edinburgh.) 

Johansson, I var, Multiple Births in Shup. I n Proceedings of the American Society of Animal Pro
duction. (1933), pp. 285-291. 

Jones, Sarah V. H., and Ronse, james E., Th< Rdation of Age oj Dam to Obscro!d F«undity in Do
l1uJticated Animals. I . Alultiple Birtlu in Cattle and Sheep. In Journal of Dairy Science, III 
(1920), pp. 260-290. 

Kelly, G. Lombard, Direct ObJtrfJatiotl of RUfture of tIl! Craafian Follicle in a J'lammal. In Journal 
of the Florida Medical Association, X VI (1931), pp. 422-423. 

Kupfer, Max, The Se,,:ual Cycle of Female Domest-icattd 111ammals. Tlu Ovarian Changes and the 
Periodicity of OeJtrum in Caule, Shttp, Coats, PigJ, Donkey.f, and H orJeJ. (Oburvations on Ani
mals in Central Europe and South Africa.) In Thirteenth and Fourteenth Reports of the Direc
tor of Veterinary Education and Research. Part 11 (1928), pp. 1209-1270, and Supplement. 

Kusnetzowa, N., Milowanow, V., Neumann, 0., Nagaew, V., Skatkin, P., (The Artificial In.semina
tion of Gattle and Shup) . U. S. S. R. (1932). 

Langlet, ]. F., Die Bedeutung, Abhangigkcit und """bung der Fruchtbar"eit bei Sch"f(l'. In Z. 
Schafz., XXIII (1934), pp. 2-9. Abstract in Animal Breeding Abstracts, II (1934), pp. 326-
327. 

Lewis. Lowery L., Tlu T itality of Reproductit'e Cells. I n Oklahoma Agricultural Experiment Station 
Bulletin 96, 1911. 

Loeb, L., Ub er die Bedeutung des CorpuJ [/tuum fur die Periodi:,itat des se':Cuellen Zyklus beim fluib 
l£chen Saugetierorganis1nuJ. In Deutsche Medizinische Wochenschrift, XXXVI[ (1911), p. 17 

Loeb, L., and Hesselberg, c., The cfLanges in th~ pregnant g'l~inea pig, tfte ejfat of lu.tein iniections, 
and tlu correlation beiruen tlu cycle of the uterUJ and tlte o7Jarin and the c'yell! of tfte mammary gland
In journal of Experimental Medicine, XXV (1917), p. 305. 

Long, Joseph A., and Evans, Herbert McLean, The OestrOllJ Cycle ·in tht Rat and its AJJociaud Phe
nomena. In Memoirs of the University of California, VI (1922). 

Marshall, F. H. A., TIlt Oestrous Cycle and the Formation oj the Corpus L71teu1n in the Sluep. In 
Transactions of the Royal Society B., CXCVI (1903), pp. 47-99. 

Marshall, F. H. A., Fertility in Scottish Sheep. In Proceedings of the Royal Society B., LXXVII 
(1905), pp. 58-62. 

Marshall, F. H. A., Fertility in ScottiJIz Sheep. In Transactions of the Highland Agricultural So
ciety of Scotland, 4th Series, XX (1908a), pp. 139-151. 

Marshall. F. H. A., Tlte Effects of E 'nvironme7lt afld Nutrition upon Fertility . In Science Progress, 
11 (1908b), pp. 369-377. 

Marshall, F. H. A., and Hammond, John, The Ph)'siology oj Animal Breeding ",itlt Special Rejer",,, 
to the Problem of Fertility. In Ministry of Agriculture and Fisheries Research Monograph No. 
2 (1932). 

Marshall, F. R., and Potts, C. G., Flushing and Otlter Means oj Increasing Lamb Yields. In United 
States Department of Agriculture Bulletin No. 996 (1924), 

McKenzie, Fred F., and Edgar Allen, Ovulation and Tubal Ova in the Ewe. Missouri Agricultural 
Experiment Station Bulletin 328 (1933), p. 14. 

McKenzie, Fred F., and Phillips, Ralph ",.,T., Some Observations on the EJtru.al Cycle in Sheep. In 
Proceedings of the American Society of Animal Production (1930), pp. 138-143. 

McKenzie, Fred F., Allen, Edgar, Guthrie, I\4ary J., Warbritton, Virgene, Terrill, C. E., Casida, 
L. E., Nahm, Laura J .• and Kennedy, J. W.O Reproduction in tlu Ewe. A Preliminary Report. 
In Proceedings of the American Society of Animal Production (1933), pp. 278-281. 

r,,1cKenzie, Fred F., and Phillips, Ralph W., Dettrmininf!, Fert-Uity in the Boar. In Missouri Agri
cultural Experiment Station Bulletin 328 (1933), p. 13. 

McKenzie, Fred F., and Bogart,Ralph, Alt(1'ing the Breeding Season of the Bute. In Missouri Agri
cultural Experiment Station Bulletin 358 (1935), pp. 17-18. 

McKenzie, Fred F., and Terrill, C. E., O'lJulation in the Ewe. In Anatomical Record, LXI Supple
ment (1935), pp. 58-59. 

McKenzie, Fred F., and C. E. Terrill, The Time of Ovulation i'n the Sow. In Missouri Agricultural 
Experiment Station Bulletin 358 (1935). 

McNutt, G. W.o Th~ Corpus Lu.te1l.Tn of the 0.,,<; Ovary in. Relation to tILe OeJtrou.s Cycle. In Veterinary 
Practitioner's Bulletin, Iowa State College (1926), pp. 79-122. 

Mihaila, M., Beitrag Uln Studi"", des Sc.<uallebel!' der Schaff. Diss. Bukarest (1934). 488. (Ruman
isch). Abstract in Zeitschrift Fur Zuchtung B, XXXIll (1935), pp. 127-128. 

Mirskaia, L. M., Relation Between Oestrus and Ovulation in th~ il;/art. In Summaries of Communi
cations, XV International Physiological Congress (1935), pp. 275-276. 

Nahm, Laura J., and FredF. McKenzie, The Cells oj the Adrenal Corte" of the E,", During the Es
trual Cycl( and Pregnancy. In Missouri Agricultural Experimental Station Research Bulletin 
251 (1937),20 p. 

Neumann, O. F., Artificial lnumination oj Farm ~4nimals. In Society for Reconstruction of Agri
culture, 3 (1936), p. 125 (in Russian). 

Nichols, j. E., Fertility in Sheep. In the Journal of The Ministry of Agriculture, XXXI (1924) 
pp. 835-843. 



88 MISSOURI AGRICULTURAL EXPERIMENT STATION 

Nichols, J. E., Fertilit}· in Soutlldo"'n Shup. In The Journal of Agricultural Science, XVI (1926a) 
pp. 365-375. 

Nichols, J. E., Fertility in Sheep. In The J ourna l of the Ministry of Agriculture, XXXIII (1926b) 
pp. 218-225. 

Nikoljskii, N. F. , !l1'1logoplodie 'lL karakuljskoi parody O:JCC. In Trudy Inst. Hibrid. Askania Nova, 
I (1933, pp. 251-267. Abstract in Animal Breeding Abstracts, II (1934), p. 121. 

Okulicev, G., (The [nfiuell ce of Feeding E,ceJ on Their Fertility. ) In Ovcevodstvo, No.9 (1934), 
pp. 33-37. Abstract in Animal Breeding Abstracts, I I (1934)., p. 329. 

Papanicolaou, G. N., and Stockard, C. R.o Effect of underfeeding Oft ov'ulatiofl and ~strOUS rhythm. in 
guinea pigs. I n Proceedings of the Society for Experimental Biology and Medicine, XVI I 
(1920), p. 143. 

Pearl, R aymo nd , Note Re~a,di"g the Relation of Age to Fec"nd·ity. In Science N. S. XXXVII (1913), 
pp. 226-228. 

Polovzcva, V., and Fomcnko, M., (The Dttermination of tlte Time of Oz'ulation in tlu Sheep by Ya~inal 
Smears. 1 In Probl. Zhivotn. No.5 (1933), pp. 95-100. . 

Quinlan, John, and Mare, G. S., The Physiologictd Clzangu in the Ovary oj the l\/erino Shup in Sou.th 
Africa, and Tlldr Practical Application in Brading. [n Seventeenth Report of the Director 
of Veterinary Service and Animal Ind ust ry, Union of South Africa (1931), pp. 663-703. 

Quinlan, John, Mare. G. S., and Roux, L. 1. , The ritality of the Spermato':.oon in tlu Genital Tract 
oj the llfaino E~l'e, ":l.'ith Special Refert'1ue to its Practical Application in Bruding. I n Eighteenth 
H .. eport of the Director of Veterinary Services and Animal I ndustry, Union of South Africa (1932) 
pp. 831-870. 

Richter, Fridolin, lind Rittau, l\1aria Der Fagillalcycl1ls be£/L SelLa]. In Archiv Fur Tierernahrung 
und Tierzucht., B. I X (1933), pp. 232-242. 

Robe rts, I, lmer, Fertility in Shropshire Sheep. In Journal of Agricultural Research, XXII (1921), 
Pl'. 231-234. 

Roux, Lucien L ., Sex Ph,'si%g)' of Sheep. In Onderstepoort Jour. Vet. Sci. and An. Ind., 
6,2, April 1936, I'P. 465-717. 

Sanctis. A. Dc, Periodi di calore 0 di frega in alcuni mammiJeri. In Rass. Studi Sess. z Eugen, VI 
(1926), pp. 10-18. Cited from Grant. 

Satoh j S .• and H oshi, S., A Stud), oj Reproduction i,t tIl( iHare, II. A Study on til( Oestrus. In Jour
nal Japanese Society Veterinary Scit!nce. XII (1933), pp. 200-223. Abstract in Animal Breeding 
Abstracts I (1934) , p. 231. 

Schmaltz, R., Das Gesclttechtslebcll der lla'ltssougelieTt!. 3 aufiage. Bt!rlin, Schoetz (1921). 
Sciferlt', E., liber Art-und .4ltcrsmerkmale der -:ceibliclun Gnc/dalLtsorganc llnJeru Hallssau/!.etitre. 

Pferd, Rind. Kalb, Schaf, Ziege, Kaninc/u "lt, llfursc/L'=t.'einclltnl, Schweirr, Hund und Kat'U. In 
Zeitschrift for die Gesamte Anatomic, Abt. I, Cl (1933 ). pp. 1-80. 

Smirnov , L., (Multiple Births in Romano, Sheep) . In Probl. Zhivotn. No.8 (1935), pp. 7-19. 
Snedecor, George v.r' ., Calc Illation and Intcrpretat1.·on oj Anal}'sis of Farianu and Covariance. Ames, 

Iowa, Collegiate Press (1934). 
Snyder, Franklin F. , Changes in tILe Fallop ian Tube D"urillg the Ovulation Cycle and Early Pregnancy. 

In J oh ns Hopkins Hospital Bulletin, XXXIV (1923), pp . 121-125. 
Snyder. Franklin F .. Change! in tAt Ilu1Jtan O':Jiduct Durin~ the AlelLstrual Cycle and Pregna"ncy. In 

Johns Hopkins Hospital Bulletin, XXXV (19241. pp. 141-146. 
Terrill. C. E., Estrus and Ovulation in tlu E':t'e. A Prtlim .znar)' RelJort. I n Proceedings of the Ameri

can Society of Animal Production (1935), pp. 153-158. 
Vilhjelmsson. Cited from Grant (1934). 
Villegas, Valente, Tlte Trend oj Sexual and Reproducti~'e S('as01ls Among Horses, Cattle, Water BuJ-

Jalot's, Shup and Goats 'lwda Los Banos Conditions: ~1 P.reliminary Report. I n the Phillipine 
Agriculturist, XVII (1929), pp. 477-485. 

\Valton, A., and Hammond, John, OburfJations on O:'u.lat-il"JJ1, in tlu Rabbit . In British Journal of 
Experimental Biology, VI (1928), pp. 190-204. 

Warbritton, Virgene, The Cytology of th< Corpora Llttea of the E,"e. In J ou rnal of Morphology, LVI 
(1934), pp . 181-202. . 

\Varbritton, Virgcne, and Fred F. Mc.Kenzie, The P£tuitaT')' Gland of Ewes in rarions Phasc.r of Re
production. In Missou ri Agricultural Experiment Station Research Bulletin 257 (1937). 

White, R. G., and Roberts, .J. A. F., Fertility alld Sex-ratio in Welsh Mountain Shup. I n Welsh 
Journal of Agriculture, II I (1927), pp. 70-79. 

Witschi, Emil, and Pfeiffer, Carrol A., The Hormonal Gonuol of Oestrus, Ovulation and Mating in 
the Femai< Rat. In Anatomic.1 Record, LXI V (1930), pp . 85-107. 

Woodman, Herbert Ernest, and Hammond, John, The .1.1111.cou.J Secretion oj tlu Cuvix of the Cow. In 
Journal of Agricultural Science, XV (1925), pp. 107-124. 

Wriedt, Chr .• Z,:(:illi1l.gs1t tld Drillin~sgebu.rten bei Schafen. In Zeitschrift fuer Tierzucht ung und 
Zuchtungsbiologie, II (1925), pp. 67-72. 

Young William C., Meyers, Hugh I., and Dempse y. Edward W., Some Data from a Correlated Ana
tomical, Physiological and Beha':J'io ristic Study oj the Reproductif) e Cycle in tlu Female Guinea Pig. 
In American Journal of Physiology, CV (1933), pp. 393-398. 

Young, William C., Dempsey, Edward W., a.nd Meyers, Hugh I., Cycl£c Reprodu.ctive Behavior in the 
Femal, Guinea Pig. In Journal of Comparative Psychology. XIX (1935), pp. 313-335. 
Zavadowsky, 1\1. M., (Arbitrarily Stimulated OvulatiolL and Estrus i'n .4.nimal FarnlJ). In Probl. 

Zhivotn. No.4 (1934). pp. 108-118. 
Zupp, B. A .• The Cycl"ic Secretory Phenomena oj Ontrlts 'i,t tlu Co-:c (Bos Tauru.s ). In Veterinary 

Practitioner's Bulletin, Iowa State College, VIII (19261, pp. 12.1-152. 


	age000264p0000a
	age000264p0001
	age000264p0002
	age000264p0003
	age000264p0004
	age000264p0005
	age000264p0006
	age000264p0007
	age000264p0008
	age000264p0009
	age000264p0010
	age000264p0011
	age000264p0012
	age000264p0013
	age000264p0014
	age000264p0015
	age000264p0016
	age000264p0017
	age000264p0018
	age000264p0019
	age000264p0020
	age000264p0021
	age000264p0022
	age000264p0023
	age000264p0024
	age000264p0025
	age000264p0026
	age000264p0027
	age000264p0028
	age000264p0029
	age000264p0030
	age000264p0031
	age000264p0032
	age000264p0033
	age000264p0034
	age000264p0035
	age000264p0036
	age000264p0037
	age000264p0038
	age000264p0039
	age000264p0040
	age000264p0041
	age000264p0042
	age000264p0043
	age000264p0044
	age000264p0045
	age000264p0046
	age000264p0047
	age000264p0048
	age000264p0049
	age000264p0050
	age000264p0051
	age000264p0052
	age000264p0053
	age000264p0054
	age000264p0055
	age000264p0056
	age000264p0057
	age000264p0058
	age000264p0059
	age000264p0060
	age000264p0061
	age000264p0063
	age000264p0064
	age000264p0065
	age000264p0066
	age000264p0067
	age000264p0068
	age000264p0069
	age000264p0070
	age000264p0071
	age000264p0072
	age000264p0073
	age000264p0074
	age000264p0075
	age000264p0076
	age000264p0077
	age000264p0078
	age000264p0079
	age000264p0080
	age000264p0081
	age000264p0082
	age000264p0083
	age000264p0084
	age000264p0085
	age000264p0086
	age000264p0087
	age000264p0088

