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ABSTRACT 

Observations were made on 45 draft and 35 light mares 
during the breeding seasons of 1937 and 1938 at the United States 
Range Livestock Experiment Station, Miles City, Montana. 

The average length of the complete estrual cycle was 20.7 
days with a range of 10-37 days and the average duration of 
estrus was 5.3 days with a range of 1-37 days. Ovulation usually 
occurred 24-48 hours prior to the end of heat and most mares 
exhibited their maximum sex desire within 2 days of ovulation. 
The greatest number of follicles were 2_-3 em. in diameter on 
the 1st day of estrus and 3.5-5.0 em. on the day preceding 
rupture. Ovulation occurred in the left ovary in 60% of the 
cases and there was a tendency for follicles to be larger on the 
]eft ovary. Follicular fluid recovered from 10 follicles ranged 
between 6-112 cc. in volume and 20-75 gamma of estrone per cc. 

The vaginal and cervical mucosae were most vascular at 
the approximate time of ovulation and least congested 5-10 
days following the cessation of heat. The cervix w as usually 
greatly relaxed during estrus and contracted during interestrus. 
The vaginal epithelium was most active during estrus and the 
uterine epithelium usually reached its greatest height during the 
latter stages of estrus and the first 5-8 days of interestrus. The 
involution of the uterine epithelium was seldom complete by 
the onset of foal heat but was usually similar to that of the 
farrow mare by the end of the first estrus after parturition. 
The vaginal smear was of little value in the diagnosis of estrus. 

A study of the relation of various psychological and physio
logical phenomena to breeding results was made. Of 110 mares 
bred 69.0% conceived. Of the lactating mares 71.1% became 
pregnant as compared with 68.9% of the dry females. When 
26 mares were bred during foal heat 50% conceived, and of 19 
maiden mares 42.1% became pregnant. 
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Surveys made in all parts of the civilized world principally 
in Asia, Europe, the British Empire, and the United States 
have shown that lowered fertility in mares is a more serious 
breeding problem than is found in any other class of farm live-· 
stock. In order that adequate control of fertility and the correc
tion of sterility may be understood in any species. it is neces
sary that the psychological and physiological events of the 
estrual cycle and their relationships to ovarian, uterine, and 
vaginal changes be understood. This study was undertaken 
with these objectives in view and the results and their relation
ships will be presented in the following sections, namely: 

I. The Breeding Season, Estrus, and the Estrual Cycle 
II. Ovulation and Ovarian Changes 

III. Physiological Changes in the Genital Tract During 
the Estrual Cycle and Early and Late Pregnancy 

IV. Histological Changes in the Genital Tract During the 
Estrual Cycle and Early and Late Pregnancy 

V. The Relation of the Psychological and Physiological 
Phenomena of the Estrual Cycle and Breeding Efficiency. 

SECTION I.-THE BREEDING SEASON, ESTRUS, AND THE 
ESTRUAL CYCLE. 

Review of Literature 
Some breeds of horses show estrus at regular intervals 

thoughout the year and others exhibit seasonal variations. In
dividual mares of all types kept under ordinary farm conditions 
in the United States and on a reasonably high plane of nutrition 
exhibit reproductive phenomena throughout the year as evi
denced by the fact that foals are born in all of the calendar 
months. In some regions of the nation breeding has become a 
seasonal activity, not essentially because of physiological causes 
but for economic and geographic reasons. 

Aitken (1927) concluded from a study of draft mares under 
ordinary Iowa farm conditions that the mare had no limited 
breeding season. Heape (England-1900) found the mare to be 
polyoestrus with a tendency toward monoestrum and that the 
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breeding season might last from one to eight months, and 
Marshall (England-1922) stated that the sexual season extended 
throughout the spring and summer and was generally longest 
in the more domesticated breeds. Ewart (1915) found that in 
the British Isles the period of estrus tended to be shorter later 
in the season and that when food became less plentiful and 
less nutritious all external signs of estrus disappeared. Under 
favorable conditions, however, he observed that mares might 
become pregnant in winter. 

Kupfer (1928) found that estrus appeared in donkey mares 
only during the South African spring and summer (late October 
to early April). The occurrence of estrus in horses tended to be 
slightly more limited. Mare mules and jennets behaved as did 
the donkeys and horses under South African conditions. Young 
females usually ovulated only once each season and older females 
usually ovulated two or three times during the breeding season. 
Ewart (1915) observed that a pony imported to the British Isles 
from the Southern Hemisphere experienced estrus in the north
ern autumn. 

Satoh and Hoshi (1932) found that the semi-wild mare of 
Korea was monoestrus. The breeding season extended from 
April to September but the greatest number of conceptions 
occurred in May, June, and July. 

Hammond (1934) found some evidence of seasonal variation 
of estrual length but found no month of the year in which some 
mares were not in heat. The greatest number of females showed 
sexual activity in April, May, June, and July in the Northern 
Hemisphere. Heat tended to be of the greatest length in April, 
decreasing from 12.3 days in that month to 5.7 days in August. 

Wagner (1937) in studying breeding phenomena in the Wurt
temberg state stud (Germany) found that estrus occurred in 
practically the same ratio in all months. Krampe (1936) stated 
that in Germany three-year-old maiden mares came in heat 
only at the time of pasturage and that estrus not accompanied 
by ovulation occurred in the early spring. Uppenborn (1933) 
reported in the Trakehnen stud (Germany) estrus appeared 
during all seasons of the year. Gotze (Germany-1935) found 
that heat periods recurred throughout the year but that those 
in April and May were most favorable for conception. Topp 
(Germany-1937) observed that estrus occurred at regular inter
vals of 3-4 weeks throughout the year. 

Studies on the sexual maturity of mares are limited inas
much as breeding is usually dependent on the size of the female 
rather than the age at which puberty occurs. Kupfer (1928) 
first observed sexual maturity in South African donkey mares 
at one year of age. Many of the yearlings had functioning, 
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ovulating ovaries, but their uteri and external genitalia were 
not fully developed. The symptoms of estrus were frequently 
observed but were not always accompanied by ovulation. Os-. 
born (1937-personal communication) first noticed estrus in 
grade Thoroughbred and grade Belgian fillies in Montana at 
about 11 months of age. 

The psychological signs of estrus have been given little 
systematic study. Most workers have distinguished periods of 
receptivity and repulsion only and have not concerned them
selves with degrees of these manifestations. Marshall (1922) 
found that the clitoris and vulva often underwent a succession 
of spasmodic movements preceded by the discharge of small 
quantities of urine during heat. There were great variations in 
the expression of estrus among animals. Seaborn (1925) concluded 
that heat or estrus was divided into two phases, a preliminary one 
of refusal and delay and a subsequent one of acceptance, each of 
three days duration. Aitken (1927) found that most mares were 
willing to accept the stallion at any time during heat. Kupfer 
(1928) found that estrus in donkeys was characterized by a 
number of symptoms any one of which might be masked or 
altogether absent. The donkey mares in heat might first run 
from the stallion and then stand with head lowered and hind 
legs apart. Their lower jaws would move as though they were 
chewing and the labia majora would open and close. Micturition 
and the discharge of a slimy, blood-stained mucus from the 
vagina frequently occurred. Kupfer (1928) reported a phenom
enon sometimes observed but hitherto undescribed in the liter
ature: animals might show estrus for a single day, followed 
by several days with no symptoms with a subsequent return 
of heat for several days. Oldenburger (1935) noticed that mares 
used in heavy farm work showed an increase in sexual excita
bility and had rather prolonged periods of heat. No pathological 
change was observed and he concluded that excessive work and 
faulty management were responsible. 

Heat is not dependent upon ovulation, nor ovulation upon 
the manifestation of estrus, facts reported by many investigators 
-(Aitken-1926, 1927; Kupfer-1928; Satoh and Hoshi-1932, 
1933; Zivotkov-1933, 1934; Patrusev-1935; Wagner-1935; Mir
skaya and Salzman-1935; Beljaev-1936; Gotze-1936; Krampe-
1936; Salzman-1936; Caslick-1937; and McKenzie and An
drews-1937). 

Data on the duration of estrus and the estrual cycle (Table 
1) show considerable variation between breeds and in different 
regions of the world. Kupfer (1928), Shc.hekin (1930), Constan
tinescu and Mauch (1936) and Caslick (1937) have reported estrus 
of a single day's duration and Caslick (1937) has observed mares 



Table 1.- DATA REPORTED IN THE :LITERATURE ON THE DURATION OF THE ESTRUAL CYCLE IN THE MARE AND JENNET 00 

Estrus Estrual Cycle Interval between 

Authority Year Country Breeding Mean Range Mean Range Estrual Periods 
(daysl <days) (days) <days) Mean Range 

(days) (days) ~ 
Marshall 1922 Brit. Isles 7.0 28 H 

w 
w 

Seaborn 1925 France 3.0 24 0 
c:: 

Aitken 1926 u.s.A. Draft 7.0 4-21 22-23 20-35 ~ 
;p 

Kupfer 1928 Union of Donkeys Irregular 0 
?;) 

So. Africa Horses <cross- 1-3 periods H 

0 
bred So. African 1+ in breeding c:: 
and Oldenburg) season of ~ 

2-ll(l) 
6-7 months c:: 

Shchekin 1930 U.S.S.R. Trotters and 5.16-foaled 
?;) 

Percherons 6.22-sterile 1-12+(2) > 
r-' 

satoh and Hoshi 1933-34 Korea Korean 8,98 4-14 22.86 
J:rj 
X 

Thoroughbreds '"d 

Anglo-Arabs 7.53 3-59 22.79 9-124 
!') 
:;o 

Anglo-Normans 
H 

s: 
and others !') 

z 
Krat 1933 U.S.S.R. Thoroughbreds 12-25 

.; 

and Halfbreds 4.96 2-9 20.316 177.8%1(3) (/) 
.; 
> 

Lipping 1933 U.S.S.R. Thoroughbreds 4-5-foaled .; 

and Percherons 12+-sterile 16-27 0 z 
Golyatkins 1935 U.S.S.R. Trotters 7.7 2-12 

Hammond 1934-35 Brit. Isles Thoroughbreds 7.0 3-15 16 

Hammond 1938 Brit. Isles Welsh and 7.0 3-30 16 

Shetland Ponies 



Mirskaya and 1935-36 U.S.S.R. ·Orlov-Trotters 5.65 2-11 
Salzman Trotters 7.0 3-14 

Constantinescu 1936 Rumania Lippizan 4.83 21.68 
and Mauch Arabian 4,84 22.16 

Gidrans 4.02 1-16 22.41 9-33 
Nonius 4.42 24.29 

Trowbridge and 1936 U.S.A. Percherons 8.9 2-40 21.4 12.5 7-19 7-l 
r.J Moffett rn 
r.J 
> Euler 1937 Germany 2-5 7-107 1<1 
() 

::r: Vladescu 1937 Italy Mura 6,98 2-16 19.09 12.1 6-18 
to 

Caslick 1937 u.s.A. Thoroughbreds 1-103 4-83 c: 
t-< 

McKenzie and 1937 U.S.A. Belgians 5.54 1-27 20.8 10-35 15.26 6-29 
r.J ...; Andrews Grade Belgians H 

z and Grade 
Thoroughbreds w 

N 
\0 Means, Berliner 1938 u.s.A. Jennets 3·6 21-28 and Cowart 

Ul foaled= mares which foaled. 
<2> sterile = farrow mares. 
(3) 77.8% =frequency distribution. 

\0 
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to be in continuous heat for as long as 103 days. Information on 
the interval between heat periods is scattered and shows marked 
variation. Average values of 12.1 days (Vladescu-1937) to 
22-23 days (Aitken-1926) have been recorded and the range 
observed is between 4-83 days as reported by Caslick (1937). 

Factors other than season and . breed, as previously dis
cussed, have been shown to have some effect upon the estrual 
cycle. Ewar.t (1915) attributed a shortening and eventual dis
appearance of estrus late in the season to a lowered plane of 
nutrition, whereas Satoh and Hoshi (1934) reported that both 
the estrual period and the total cycle tended to be shorter in 
fat animals. Wagner (1937) observed a decrease of fertility in 
mares fed a ration which had been grown during a dry year. 

The previous reproductive activity of the mare lrnay in
fluence the estrual cycle to some extent, although the reports 
are conflicting in many cases. Krat (1933) found that young, 
half-bred and barren mares had slightly longer heat periods, 
while Kedrov (1938) reported prolonged estrus in suckling and 
brood mares during March and April. Lipping (1933) stated 
that mares with foals at side had estrual periods of 4-5 days 

Table 2.- DATA REPORTED IN THE LITERATURE ON THE OCCURRENCE AND DURATION OF 
FOAL HEAT 

Authority Year Country Breeding Foaling to l st Heat Duration of 1st Heat 
Mean Range Mean Range 
ldaysl ldaysl ldaysl ldaysl 

Krat 1933 U.S.S.R. Thoroughbreds 10.34 7-13 
Halfbreds 

Lipping 1933 U.S.S.R. Percherons 7-12 4-5 
Thoroughbreds 

Hammond 1934 Brit. Isles Thoroughbreds 4-7 10-13 

Hammond 1938 Brit. Isles Welsh and 4-7 
Shetland Ponies 

Satoh and Hoshi 1934 Korea Korean 
Thoroughbreds 

Angl o-Arabs 8.03 3-100 
Anglo-Normans 

and'others 

Gotze 1935 Germany 5-12 

Wagner 1935 Germany 9-18 
Gidrans 8.07 

Constantinescu 1936 Rumania Arabians 9.08 
and Mauch Lippizans 9.71 4-40 

Nonius 10.00 

Trowbridge and 1936 U.S.A. Percherons 6.33 5-8 8 .16 4-11 
Moffett 

Euler 1937 Germany 7-49 

Vladescu 1937 Italy 9.72 5-19 

Means, Berliner 1938 U.S.A. Jennets 4-12 1-6 
and Cowart 

McKenzie and 1937 U.S.A. Belgians 
Andrews Grade Belgians 7.25 2-12 

and Grade 
Thoroughbreds 
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and that non-foaling females had considerably longer periods 
(over 12 days in 50% of the cases). Caslick reported little 
variation in the cycles of foaling mares except prolongation 
of the 9th day estrual period and a long dioestrual period follow
ing the 9th day breeding. Constantinescu and Mauch (1936) 
studied the effect of age upon the duration of estrus and the 
length of the estrual cycle. Mares 4-11 years, 12-17 years, and 
18-24 years had cycles of 22.22, 23.24, and 22.76 days respectively, 
and estrus of 4.38, 4.51, and 4.04 days in the same order. 

Pregnancy does not preclude the appearance of estrus as 
reported biY Fleming (1878), Gonzaga and Ebora (1936), and 
Means, Berliner, and Cowart (1938). 

There. is considerable variation in the occurrence of foal 
heat as reported by various investigators throughout the world. 
The first heat after parturition has been observed from 2 days 
after foaling (McKenzie and Andrews-1937) to 100 days (Satoh 
and Hoshi-1934). The mean value of the interval to the first 
heat has been fairly constant, ranging from 6.33 days (Trow
bridge and Moffett-1936) to 10.34 days (Krat-1933). The ob
servations are summarized in Table 2. 

Materials and Methods 
The data on estrus, ovulation, and related phenomena in the 

mare were obtained at the United States Range Livestock 
Experiment Station, Miles City, Montana between April 20 
and July 10, 1937 and April 20 and July 15, 1938. Forty-two 
purebred and grade Belgian, 2 grade Percheron, 1 grade Shire, 
and 35 grade Thoroughbred mares were observed during this 
study. Some of the mares were followed during the entire 
period of observation in both 1937 and 1938 while others were 
studied for shorter intervals. Some of the animals foaled in both 
1937 and 1938, some were pregnant during one of the years, and 
others were non-pregnant during both years. The breeding, age, 
estrual history, and reproductive record of each mare for 1937 
and 1938 appear in Figure 1. All mares were teased once 
daily by active, healthy vigorous stallions in a manner that will 
be described under experimental results. 

The sexual behavior of the mare was classified by a method 
that will be subsequently discussed. Estrus was dated from 
the time a female first showed evidences of receptivity and 
ended when she passed into a non-receptive state. The estrual 
cycle was dated from the first day of estrus until the beginning 
of the following estrus. The interval between parturition and 
the first estrus following foaling (foal heat) includes the day of 
foaling and extends to the onset of estrus. 

Both the draft and light mares were maintained under 
range conditions and foaling occurred on the range. For this 



12 MISSOURI AGRICULTURAL ExPERIMENT STATION 

reason it was impossible to begin observations on all mares 
immediately after foaling, as will be seen in Figure 1. The 
females of each type tended to be uniform in breeding and con
formation, and all animals, with a few exceptions, were in 
excellent physical condition during the entire period of ob
servation. Some of the mares derived their entire maintenance 
from the range, others were given access to hay and small 
amounts of .oats for varying periods, but there was little dif
ference in the plane of nutrition of any of them. 

Explanation of Figure 1. 

Psychological reactions: 

B. -Purebred Belgian. 
G. B. -Grade Belgian. 
G. P . -Grade Percheron. 
G. S. -Grade Shire. 
G." T. -Grade Thoroughbred. 

3 
2 
l 
0 
1 
2 
3 
4 

~ or rBirth of a male or female foal. 
0 -Day of ovulation. 

3 very receptive 
2 moderately receptive 
1 mildly receptive 
0 phlegmatic 
1 passively resistant 
2 mildly resistant 
3 actively resistant 
4 very actively resistant 
Each small square represents 
day. 

- -Day of artificial rupture of a follicle. 
+ -Pregnant. 

-Non-pregnant. 

1 
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The Detection of Estrus.-Since one of the purposes of the 
present investigation was to study the sexual behavior of the 
mare at all phases of the estrual cycle it was necessary to 
determine more than whether or not the females were in a 
receptive state. The investigators were interested in learning 
if there were degrees of receptivity, if individual mares showed 
individual differences, if there were degrees of repulsion or 
resistance, and if there were any correlat ions between definite 
psychological and physiological conditions. 

Prior to April, 1937, the mares at the experiment station 
had not been accustomed to any definite type of routine teasing 
procedure. Some of them had been hand bred, some range 
bred, and still others subjected to both methods. A portion of 
the animals had been broken to harness and the remainder 
had been halter broken only. Some were thoroughly gentle; 
others were unused to restraint of any type and became nervous 
and frightened when tied or confined. The draft mares were 
accustomed to being in and around the stable but few of the 
light mares had ever been placed in a tie or box stall and 
showed symptoms of fear and uneasiness when in those sur
roundings. 

After some preliminary work it was decided that the needs 
of this experiment could best be satisfied by the teasing chute. 
The chute constructed was approximately twelve feet long, 
four feet wide and closed at the front by two gates, one of 
which opened directly forward and the other to the side. One 
side was formed by a solid board fence and the other by two 
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poles fastened to two posts firmly imbedded in the ground. 
The top pole was about three and a half feet and the bottom 
one about two feet from the ground. The gates at the front 
of the chute were valuable in restraining the foal during teasing, 
Figure 2, for females often failed to respond properly if their 
foals became separated from them. 

Fig. 2.-Foal entering teasing chute. Note gate used for restraining toal. 

As closely as it is possible to do so with biological material 
an attempt was made to measure the reactions of the mare in 
terms of a constant stimulus. Active, vigorous, healthy stallions 
were used for teasing. As soon as a male lost interest in the 
procedure he was returned to his stall and another stallion 
substituted. Daily differences in desire were observed among 
the 6 stallions used; males which were highly active on one day 
were sometimes indifferent on the following day, and it was 
further noticed that on some particular days all of the males 
teased vigorously while at other times all of them showed little 
desire. 

Behavior of the Mare at Various Phases of the Estrual 
Cycle.-For the purpose of classification of behavior eight types 
of response have been distinguished. Moving pictures of these 
types have been made and studied and the reactions character
istic of each type are described by the authors in the Proceedings 
of the American Society of Animal Production, .1937, pp. 64-70. 

Characteristic Behavior of the Mare During the Estrual 
Cycle.-The behavior of the mare at various phases of the 
estrual cycle was subject to marked individual variation, as will 
be observed in Figure 1, but certain characteristics were common 
to most mares. 
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The degree of resistance shown by most mares decreased 
slightly one or two days prior to estrus, and the maximum 
estrual response was not reached until one or tw o days pre
ceding ovulation. The corpus luteum was usually detected 
during or shortly after the period of the greatest sex desire; 
following ovulation there was a decrease in the receptivity of 
the mare with the cessation of estrus in one or two days. Most 
mares did not exhibit the maximum amount of resistance on 
the first day post-estrus but usually became increasingly re
pulsive to the stallion on the second or third days after the 
termination of heat. The response during the interest rual period 
was by no means ~onstant. Some mares deviated little from 
the actively resistant stage between heat periods, while others 
:fluctuated between the passively and very actively resistant 
conditions. The phlegmatic response was not characteristic of 
all mares and within the group of animals giving this reaction 
it was confined, for the most part, to the days immediately 
preceding and following estrus. A small number of animals 
was classified as phlegmatic at varying stages of the estrual 
cycle. These mares were given special attention during the 
teasing process and on some occasions when they were removed 
from the teasing chute and stallions were allowed to come in 
close contact with them still no definite sign of receptivity or 
repulsion could be elicited. 

"Split". Estrus.-"Split" estrus in the mare was characterized 
by an initial heat period of one or more days, follow ed by a 
non-receptive period usually of one or two days duration, and 
a subsequent return of estrus for one or more days. Twenty
eight cases of "split" estrus were observed in 1937 and 1938 and 
the findings are summarized in Figure 3. The phenomenon 
appeared among the females of both types and was not limited 
to any age group or to a particular year or portion of year, 
as will be seen in Figure 1. Follicles were found to be present 
during the initial heat period and to continue their development 
during the non-receptive interval. No detectable difference in 
the size of follicles in mares exhibiting "split" estrus as com
pared with those having an 'uninterrupted heat was observed, 
and ovulation occurred in all cases with the exception of four, 
namely: Flandreau in 1937 and Trixie, Fidget, and Idlewild 
in 1938. 

"Physiological" Estrus.-"Physiological" estrus, or silent 
heat as it is commonly called, was manifested by the ovarian, 
uterine, and vaginal changes characteristic of psychological 



Mare Type 

Mogg1e D 
Comnnc L 
Flandreau L 
lzu. D 
Fidget L 
Gypsy L 
Amy D 
Gretchen D 
Judy D 
Comnne L 
F1dget L 
Della D 
Forma D 
Ge~NrJIIff• L 
ldlew1ld L 
Flofo D 
Frau/em D 
lnga D 
Gent1an L 
Frau/em D 
Corona D 
Ellza D 
Annob./1• L 
Amelia L 
Dolly D 
Tr/)(lfl L 
E.lo13e L 
Conme L 
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Fig. 3.-The occurrence and duration of "split" estrus. D-draft. L-light. 
Solid bar estrus. Open bar-non-estrus. 

estrus but receptivity of the mare was absent. Since follicles 
were sometimes palpated at varying times during the interestrual 
period and were present at definite stages of pregnancy, "phy
siological" estrus as described in this paper will refer only to 
those periods in non-pregnant animals during which follicles 
were produced and ruptured, the vagina and cervix underwent 
the changes characteristic of estrus, but the female expressed 
no desire to mate. 

Eight mares exhibited 11 cases of "physiological" estrus in 
1937 and 1938. The complete daily psychological reactions of 
these females are given in Figure 1 and the findings are sum
marized in Table 3. Although an attempt was made to deter
mine the ovarian activity of mares not coming in heat at normal 
intervals, it is possible that ovulation may have occurred in 
this particular group of mares and in others at times unknown to 
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Table 3.- INCIDENCE OF "PHYSIOLOGICAL" ESTRUS 

Normal Physiological 
Mare Type Year Estrual Estrual 

Periods Periods 
<number) <number) 

Ida D 1938 0 1 

Jenny D 1938 0 1 

Alberta L 1938 0 1 

Amelia L 1938 0 1 

Gypsy L 1937 1 1 

Gypsy L 1938 0 1 

Gem L 1938 0 1 

Galena L 1937 0 2 

Galena L 1938 0 1 

Incense L 1938 1 1 

D-Draft L-Light 

the authors, and the material presented here represents only 
known activities. In only three of these mares, Amelia, Gypsy, 
and Incense, was estrus observed during the period of investiga
tion, and in these cases the response was not exactly typical. 
Amelia exhibited "split" estrus in 1937 and was only mildly 
receptive at the peak of intensity. Gypsy experienced "split" 
estrus; her maximal response was mild receptivity and a corpus 
luteum was not detected until the second day following estrus. 
Incense was in estrus on the day the corpus luteum was detected 
but was receptive for only one day and gave the mildly receptive 
reaction. These findings are limited to a two-year period but it 
is interesting to note that 9 of the 11 cases of "physiological" 
estrus occurred in mares between the ages of 2 and 6 years. 
Three of the mares were observed in both 1937 and 1938 and 2 
of these, Gypsy and Galena, gave the same response in both 
years, whereas Amelia varied somewhat from the mean in 1937 
as described above. 
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Factors Affecting :the Behavior of the Mare.-1. Familiw ity 
with the teasing procedure. Mares that had been accustomed neith
er to restraint nor to any regular teasing procedure did not 
give clearcut responses during the first few days of teasing. 
Some of the younger light mares showed considerable annoy
ance when first tied and devoted their entire efforts to escape 
rather than to the activities of the stallion. The sexual response 
was therefore masked either partially or completely in these 
females until they became accustomed to the procedure. 

2. Type of mare. Although individual draft and light mares 
showed the same degrees of maximum receptivity and resistance 
it was observed that a larger number of the draft mares reached 
the very receptive condition during estrus, Figure 1. Greater 
care was necessary when handling the grade Thoroughbreds 
than when working with the draft animals. 

3. Age of mare. Some fillies 10-11 months of age (not in 
the experimental group) and running with stallions of the same 
age were observed to respond as markedly during estrus as 
did aged mares which had been in the breeding herd for several 
seasons whereas some 10-12 year old animals were found to 
exhibit only mild signs of heat. Previous experience in a teasing 
procedure seemed to be of more importance than chronological 
age. Young mares, when carefully handled, appeared to have 
the necessary physiological organization to give the psychological 
response characteristic of older mares. 

4. Size of the follicle. Follicular size in itself is no index 
of the probable behavior of the mare. The size of the follicles 
of 8 mares showing 11 cases of "physiological" estrus was within 
the normal range, as shown in Table 4. Some mares with fol
licles as small as 1 em. on the day preceding the detection of a 
corpus luteum exhibited the maximum estrual response while 
other animals with follicles as large as 5 em. were only mildly 
receptive. Certain females failed to ovulate during estrus and 
follicles as large as 6 em., some of which ruptured shortly after 
the cessation of estrus and some of which persisted, were ob
served. Although follicular size does not account for the dif
ferences in intensity of heat between mares, individual mares 
usually exhibited an increase in sex desire as the follicle in
creased in diameter and the maximal response was recorded 
prior to ovulation. The size and development of follicles is 
presented in Section II. · 
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Table 4.- FOLLICULAR SIZE PRECEDING OVULATION IN MARES 
MANIFESTING "PHYSIOLOGICAL" ESTRUS 

Mare Type Year Size of Follicle 
Preceding Ovulation 

(em.) 

Ida D 1938 4.0 

Jenny D 1938 3.5 

Alberta L 1938 2.0 

Amelia L 1938 4.5 

Gypsy L 1937 3,5 

Gypsy L 1938 3,5 

Gem L 1938 2.5 

Galena L 1937 5,0 

Galena L 1937 4.0 

Galena L 1938 5.0 

Incense L 1938 4.0 

D- Draft L- Light 

Interval from Foaling to First Estrus.-The interval follow
ing parturition and preceding foal heat was observed in 28 
instances in draft and in 5 cases in the light mares (Figure 1) 
and a graphic representation of the frequency distribution of 
the total is shown in Figure 4. The duration of this period ranged 

zo 

15 

·~ I• 10 

s 

0 I 

INTERVAL FRoM FoAu NG To FtR5T EsTRus 
DRAFT AND LIGHT MARES 

Fig. 4-Frequency graph showing the length of the interval from foaling 
to the first estrus. 
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from 2-30 days with a mean of 11.4 days; 36% of the intervals fell 
between 8 and 12 days and 75% were included between the 4th 
and 14th days. In 1937 the longest interval observed was 13 
days but in 1938 6 draft mares did not manifest estrus until 21-
30 days following parturition. Rectal and vaginal examinations 
of these 6 draft mares were made at intervals of 5-7 days from 
foaling until they came in heat but evidences of "physiological" 
estrus were not detected. It would have been possible for 
ovulation to have takeri place during the interval between exam
inations and thus not observed. 

Duration of Es:trus.-Data on the duration of estrus in 40 
draft and 35 light mares, including all periods of "split" estrus, 
are presented in Figure 1 and summarized in Tables 5 and 6. 

Table 5,- DURATION OF ESTRUS IN DRAFT MARES 

No, of Duration of Range of Dura-
Cycle Periods Estrus tion of Estrus 

(mean days> (days> 

First* 58 5,1 1 - 14 

Second 49 5,1 2 - 10 

Third 15 5.7 1 - 10 

Fourth 5 5,0 1 - 7 

*Refers to first cycle during which a mare was ob
served after observations were begun in ApriL 

Table 6,- DURATION OF ESTRUS IN LIGHT MARES 

No. of Duration of Range of Dura-
Cycle Periods Estrus tion of Estrus 

(mean days) (days> 

First 34 5.3 1 - 27 

Second 22 6.2 1 - 37 

Third 8 4.4 2 - 10 

Fourth 5 5.2 2 - 10 

The combined findings for mares of both types are presented 
in Table 7. 
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Table 7,- DURATION OF ESTRUS IN DRAFT AND LIGHT MARES 

Type 
of 

Mare 

Draft 

Light 

All 

15 

zo 

/. 15 

10 

zs 

zo 

~ 
15 

/0 

5 

1.5 

zo 

IS 

% 
10 

No. of No, of Duration of Range of Duration 
Mares Periods Estrus of Estrus 

(mean days) (days) 

40 127 5,2 1 - 14 

35 69 5.5 1 - 37 

75 196 5,3 1 - 37 

LENGTH OF ESTRUS 

IN DRAFT AND LIGHT MARES 

DRAFT AND LIGHT MARES 

Z7 J7 

LIGHT MARES 

27 J7 

DRAFT MARES 

Fig. 5.-Frequency graphs showing the length of estrus. 
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Estrus ranged in length from 1-37 days with a mean of 5.3 
days and the frequency distribution of the combined data of 
both groups is graphically represented in Figure 5. Of all cases 
21% fell on the 5th day, the group of the greatest frequency, 
and 74.5% ranged between 2 and 8 days; 12% were less than 
3 days in length and 13.5% exceeded 7 days. The average dura
tion of heat in light mares was greater than that of draft mares 
(5.5 and 5.2 days respectively) but frequency distribution graphs· 
of the length of estrus of both groups reveal a slightly different 
picture (Figure 5). The group of the greatest frequency in the 
light mares (24.6%) fell on the 3r d day whereas 25.2% of the 
periods of draft animals were 5 days in length. In the light fe
males heat fell between 2 and 8 days in 67% of the cases and 
79% of the periods of heavy mares were included in the same 
range. Heat lasted less than 3 days in 15% of the cases in light 
mares as compared with 10% for the draft mares during the 
same period. The range in the duration of estrus was greater 
in the grade Thoroughbreds; 18% of the estrual periods in light 
mares were longer than 7 days while only 11% of those of the 
draft females exceeded a week. 

Length of the Estrual Cycle.-Data on the length of 90 
estrual cycles of draft and light mares are presented in Figure 
1 and are summarized by cycles for mares of both types in 
Tables 8 and 9. The combined data for draft and light mares are 
nresented in Table 10. 

Table 8.- LENGTH OF THE ESTRUAL CYCLE IN DRAFT MARES 

No. of Length of Range of Cycle 
Cycle Cycles Cycle Length 

(mean days> <days) 

First 42 20.0 10 - 29 

Second 16 20.6 17 - 29 

Third 5 20.2 18 - 23 

Table 9. - LENGTH OF THE ESTRUAL CYCLE IN LIGHT MARES 

No. of Length of Range of Cycle 
Cycle Cycles Cycle Length 

<mean days) (days) 

First 13 23.0 13 - 35 

Second 8 22.1 18 - 37 

Third 6 19.7 19 - 23 
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Table 10.- LENGTH OF THE ESTRUAL CYCLE IN DRAFT AND 
LIGHT MARES 

/. 

/. 

/. 

Type No. of 
of Mares 

Mare 

Draft 37 

Light 18 

All 55 

20 

/5 

10 

5 

0 I 

JO 

zs 

lQ 

15 

10 

5 

0 I 

Z5 

zo 

/!S 

10 

5 

0 I 

No. of Length of Range of Cycle 
Cycles Cycle Length 

(mean days> (days) 

63 20.1 10 - 29 

27 22.0 13 - 37 

90 20.7 10 - 37 

LENGTH or THE EsTRUAL CvcLE 

IN DRAF'T AND LIGHT MARES 

DRAF"T AND LIGHT MARES 

LIGHT MARES 

Fig. 6.-Frequency graphs showing the length of the estrual cycle. 
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The length of the estrual cycle for mares of both types 
was 20.7 days with a range of 10-37 days. A frequency distri
bution graph of these data (Figure 6) shows the same number of 
cycles to fall on 19 and 20 days, 17% in each case, and 76 lJi'o 
were included between the 17th and 24th days; 11% of the 
cycles were less than 18 days in length and 13% exceeded 23 
days. Although the average length of the cycle was greater 
in light mares, the largest group had cycles of 19 days in com-· 
parison with a 20-day cycle for the group of the greatest fre
quency in the draft females,. as shown in Figure 6. Thirty-two 
percent of the cycles of heavy mares were 19 days or less 
whereas in 48% of those of the grade Thoroughbreds the first 
days of successive estrual periods were less than 20 days apart. 
There was a wider range in the length of the cycle of the light 
mares; 63% fell between the 17th and 24th days, and 30% were 
longer than 23 days. Four draft females had cycles exceeding 
23 days in length. 

Length of the lnterestrual Period.-Data on the length of 
the interestrual periods of draft and light mares appear in 
Figure 1 and are summarized in Tables 11, 12, and 13. 
Table 11.- LENGTH OF THE INTERESTRUAL PERIOD IN DRAFT 

MARES 

No. of Length of Range of' 
Cycle Periods Period Period 

<mean days) (days> 

First 50 14.6 7 - 19 

Second 16 15,7 12 - 27 

Third 5 16.2 15 - 19 

Table 12.- LENGTH OF THE INTERESTRUAL PERIOD IN LIGHT 
MARES 

No. of Length of Range of 
Cycle Periods Period Period 

(mean days) <days> 

First 21 15.8 5 - 29 

Second 8 17.5 13 - 33 

Third 6 15.8 15 - 17 
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Table 13,- LENGTH OF THE INTERESTRUAL PERIOD IN DRAFT 
AND LIGHT MARES 

Type 
of 

Mare 

Draft 

Light 

All 

zo 

" 'l.. 10 

5 

0 I 

Z5 
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'%. 15 

10 

5 

0 
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25 
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No. of 
Mares 

27 

18 

55 

ZJ4567 

No. of Length of Range of 
Periods Period Period 

(mean days) <days) 

71 14.9 7 - 27 

35 16.0 5 - 33 

106 15.3 5 - 33 

LENGTH OF THE INTERE5TRUAL PERIOD 
IN DRAFT AND LIGHT MARES 

DRAFT AND LIGHT MARES 

LIGHT MARES 

period. 
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The average duration of the interestrual period was 15.3 days 
with a range of 5-33 days. The values were fairly well grouped 
about the mean, as shown in Figure 7; 20% fell on the 15th day, 
73% were between 14 and 19 days, and only 6% of the interestrual 
periods were greater than 19 days in length. 86.5% were located 
between the lOth and 20th days. The interval between estrual 
periods was confined to a narrow range in the draft mares, as 
shown in Figure 7. The length of the interestrual period in the 
draft mare was 15 days in the group of the greatest frequency 
(24%) while in the light females (Figure 7) an equal number 
fell on both the 13th and 14th days (17%); 75% of the periods 
fell between the 12th and 19th days in the draft mares and 71% 
were included in the same interval in the light mares. Only 1 
draft mare (1.4%) had an interestrual period longer than 19 
days whereas 5 of the light mares (14.3%) had periods in excess 
of 19 days. · 

Ovulation and :the Dura:l:ion of Es:trus.-The ovarian changes 
will be discussed in detail in Sect ion II and only the more 
general relations between the duration of estrus and the time 
of ovulation will be presented here. Ovulation occurred in most 
mares 1-2 days prior to the end of estrus but in some cases not 
until 1-5 days after the animals had passed out of heat. As 
shown in Figure 1, ovulation took place in 11 instances in 8 
mares showing "physiological" estrus only, and it is evident 
that ovulation is not necessarily dependent on heat. 

Discussion 
Because of economic and geographic conditions the mares 

at the United States Range Livestock Experiment Station are 
bred between June 1 and• July 15, and foal during the latter 
part of April, May, and the first part of June. The data herein 
reported were gathered during the interval between April 20 
and July 15 in 1937 and again in 1938 and interpretation of the 
findings must be made with this point in mind. 

Information concerning the cyclic appearance of estrus 
throughout the year in farrow mares of this group is not avail
able but no mare failed to show either psychological or physio
logical changes during the periods of observation. 

The methods of studying and classifying the behavior of 
the mare during various phases of the estrual cycle have been 
outlined in detail. Seaborn (1925) reported that estrus was 
divided into two phases: a preliminary one of refusal and delay, 
and a subsequent one of acceptance. Aitken (1927) was unable 
to observe the reactions described by Seaborn and in this study 
the investigators also failed to notice behavior of that type. 
Kupfer (1928) reported that mares might show estrus for a 
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single day, followed by several days with no symptoms, and 
subsequently return in heat but he did not indicate the incidence 
of this phenomenon. The authors, as did Young (1937) in the 
guinea pig, have classified this behavior as "split" estrus, found 
that 31.1% of the mares showed this characteristic and that it 
appeared in 14.1% of all estrual periods. 

That ovulation occurs in the absence of estrus has been 
shown by numerous investigators, among them Aitken (1926), 
Kupfer (1928), Satoh and Hoshi (1932-1933), and others previously 
mentioned. Although the findings in this study are limited to a 
two-year period it is interesting to note that 9 of the 11 cases 
of "physiological" estrus occurred in mares less than 6 vears 
old and that 2 of them gave the same response in both years. 
The limited data do not permit any theories to be advanced but 
at least two explanations may be offered. This trait, if heritable 
and characteristic of a mare's behavior over a period of years, 
should tend to be eliminated, for animals showing it would not 
reproduce their kind under natural conditions. On the other 
hand, if, as many horse breeders believe, mares exhibit more 
pronounced sexual drive and regularity as they become older, 
"physiological" estrus may occur with less frequency in older 
animals. 

Although there is considerable difference in the interval 
between parturition and the first estrus as reported by various 
investigators, ranging from 2 days (McKenzie and Andrews-
1937) to 100 days, (Satoh and Hoshi-1934), only three workers 
reported intervals longer than 19 days. Six of the mares in
cluded in this study first showed evidences of estrus 21-30 days 
after foaling. Daily rectal examinations were not made but 
efforts to determine whether or not "physiological" estrus oc
curred in these mares were made at irregular intervals. Ovula
tion was not detected between the day of foaling and the first 
appearance of heat. Animals that had been found to manifest 
silent heat were usually examined per rectum daily in order 
that all ovarian changes might be determined; but since these 
mares were not at first suspected of ovulating in the absence 
of estrus it is possible that ovulation may have been missed by us. 

Uniform mean values for the length of the estrual cycle of 
all breeds have been reported by investigators in various regions 
of the world. The extreme range of 4-83 days is reported by 
Caslick (1937) but most mares tend to have cycles of 19-24 days 
in length. The average duration of the cycle, as was true of the 
length of estrus, was greater in the light mares: but, as was 
previously observed, there was greater variation in the light 
females. 
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Data on the mean length of the interval between successive 
estrual periods are more variably reported in the literature 
than are either the duration of estrus or the estrual cycle. 
Vladescu (1937) observed an average interval of 12.1 days as 
compared to Aitken's (1926) mean value of 22-23 days, and an 
extreme range of 4-83 days was reported by Caslick (1937). The 
average length of the interestrual period was 15.3 days in this 
study and 73% of the intervals fell between 14-19 days. The 
tendency for periods to be shorter than the mean length was 
greater than for them to be prolonged, and only 5.6% were of 
more than 19 days duration. 

SECTION II. OVARIAN CHANGES AND OVULATION 
In a species in which the estrual period is relatively long 

a knowledge of the time of ovulation is of major importance. 
This section of the work was undertaken with the hope of gath
ering information concerning the gross changes in the ovary, the 
time and rate of ovulation, and their relationship to other phe
nomena during the estrual cycle. 

Review of Literature 
Although direct observations have been made upon the 

process of ovulation in some mammals, the rabbit (Walton and 
Hammond-1928; Kelly-1931; Hill, Allen, and Kramer-1935; 
and Hinsey-1936), and the ewe (McKenzie and Allen-1933; 
and McKenzie and Terrill-1935, 1937), such studies have as 
yet to be made on the mare. 

Two methods of approach ha:ve been developed for deter
mining the time of ovulation in the mare. The first method has 
been based upon the fact that the percentage of conceptions 
following a single mating has a direct relation to the day of 
estrus, and this optimum day has often been designated as the 
day on which ovulation occurred. This method is subject to a 
certain amount of just criticism for there is no way of correcting 
for the length of time that spermatozoa survive in utero or the 
period during which the ovum is viable. The second method, 
and the one which is widely accepted at the present time, in
volves the palpation of the ovaries per rectum and the detection, 
by palpation, of the development and rupture of follicles and 
the subsequent development of corpora lutea. 

N agaev (1933) secured the most satisfactory results by insem
inating on the 2nd and again on the 5th day of heat. Wagner 
(1935) found that in 37% of the cases conception occurred on 
the 2nd day, in 50% following service on the 5th day, and in 
13% on the 9th day of. estrus. Neumann (1935) stated that there 
was considerable variation in the estrual cycle of the mare and 
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that mating on the 2nd-4th, 3rd-5th, or 7th-9th days of estrus 
was equally effective. Constantinescu and Mauch (1936) found 
that the highest per cent of pregnancies occurred following 
service on the 4th day of estrus in the first and second cycles 
after parturition. They reported on the Lippizan, Arabian, 
Gidran, and Nonius breeds and found no significant differences 
among them. In mares given more than one service a period 
the highest percentage of pregnancies was found among those 
bred on the 1st and 4th days of heat. Caslick (1937) attempted 
to determine the "ovulation period" by making an examination 
of the vulva, vagina, and cervix but did not correlate his 
findings with ovarian activity as determined by rectal palpation. 
When light mares with apparently normal estrual periods were 
bred on single days during estrus he found that of those mated 
on the 1st day of heat-63.1% conceived, 2nd day-65%, 3rd day 
-64.4%, 4th day-55.7%, 5th day-39.1 %, 6th day-28.5%, and 
on the 7th day-20%. Vladescu (1937) stated that mares should 
be bred on the 2nd day of heat and a second time after 3-4 days. 

The gross anatomy and the location of the ovaries of the 
mare have been described by Sisson (1921); Aitken (1926-1927); 
Kupfer (1928); and Topp (1937). The ovaries of the mare are 
kidney or bean shaped and vary greatly in size and shape in 
different subjects. Age, the stage of the estrual cycle, and 
pregnancy affect their conformation but they are usually from 
4-9 em. in length and 2.5-5.0 em. in thickness. One ovary is 
sometimes larger than the other. The ovary has two smooth, 
rounded surfaces, lateral and medial, two borders and two ex
tremities or poles. The attached bord0r is convex and enclosed 
in the mesovaria! region of the broad ligament; the free border 
is characterized by a depression, known as the ovulation fossa, 
which deepens with age. The anterior pole is rounded and 
related. to the fimbriated end of the Fallopian tube, whereas the 
posterior pole is rounded and attached to the horn of the uterus 
by the ovarian ligament. The position of the ovaries is not 
constant but in most mares they are located in the sub-lumbar 
region of the abdominal cavity ventral to and 8-15 em. posterior 
to the kidneys and 5-12 em. from the median plane. The ovaries 
are close to the dorsal wall of the abdominal cavity in young 
virgin mares and tend to move ventrally with age and succeed
ing pregnancies. In rare cases both ovaries may be on the same 
side of the median plane and are sometimes among the adjacent 
viscera. During pregnancy the ovaries are drawn downward 
and by 10-12 weeks are on a level with the pubis. At six months 
the ovaries are difficult to reach but can be palpated until 9-10 
months by first grasping the broad ligament and drawing the 
ovaries within reach. 
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Aitken (1926-1927) found that as many as 15 new follicles 
might appear during one cycle and that 8-9 yv-as the average. He 
observed that follicles not destined to rupture might reach a 
diameter of 5 em. and remain palpable for 1-35 days. Kupfer 
(1928) reported that a large number of follicles might mature 
in one or both ovaries at the same time but that usually only 
one, and rarely two, ruptured. Satoh and Hoshi (1933) found 
that two or more follicles might appear on one ovary but that 
only one ovulated. As evidence of double ovulation Uppenborn 
(1933) stated the incidence of twins to be 1.55% and Wagner 
(1934) reported 1.64%, while Mauch (1937) found twins to occur 
in 1.23% of the cases. Voloskov (1936) concluded that ovulation 
took place in both ovaries within an interval of 2-3 days in 
25-30 % of the animals studied. 

Aitken (1926) observed the average size of follicles before 
ovulation to be 5 em. Satoh and Hoshi (1933) found the average 
follicular size on the day preceding and the 1st day of heat to 
be 1.54 em. and the average maximal size to be 4.38 em. on the 
6-7th days of estrus. Mirskaya and Salzman (1935) reported 
that follicles ranged from 1-7 em. in diameter on the 1st day 
of heat and were 4.5-5.0 em. in diameter in the group of the 
greatest frequency on the day preceding ovulation. 

The physical condition of the follicle may or may not be 
of diagnostic value in predicting the time of ovulation. Aitken 
(1927) observed that some mature follicles were very tense as 
the time of ovulation approached but that others were decidedly 
slack. Mirskaya and Salzman (1935) found that at the beginning 
of heat the follicular capsule was very tight and became softer 
toward the time of ovulation and they concluded that the 
physical state of the follicle was a better indication of the 
approach of ovulation than the size of the follicle itself. Salz
man (1936) reported that about 12-24 hours before ovulation 
there was a change in the consistency of the ovary, that the 
intraovarian pressure decreased, and that the ovary became 
softened. 

The interval between the appearance of estrus and ovula
tion is extremely varied but the relation between ovulation 
and the cessation of heat is reported to be usually within a 
rather narrow range. Seaborn and Champy (1923) stated that 
follicles ruptured on the 5th-6th days of estrus. Aitken (1926-
1927) observed that ovulation occurred on the 4th-10th days of 
estrus when heat lasted for 4-11 days, and that estrus usually 
terminated 1-2 days, rarely 2-3 days, following ovulation. Satoh 
and Hoshi (1933) found that the average time between the detec
tion of a follicle and ovulation was 9.09 days and that estrus 
ceased 1.6 days after ovulation. The intensity of heat decreased 
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within 10 hours in most cases. Hammond (1934) reported that 
estrus was terminated in 1-2 days following the mechanical 
rupture of the follicle. Mirskaya and Salzman (1935) observed 
that mares remained in heat for 1-2 days after ovulation and 
reported only one case of 3 days. Zivotkov, Goncarenko, and 
Krivoscekov (1936) found that ovulation occurred on the 3rd-
6th days in the majority of adult animals and that the external 
symptoms of heat usually disappeared 1-2 days after ovulation. 

Aitken (1927) stated that ovulation always occurred through 
the ovulation fossa and that the wall of the follicle and capsule 
of the ovary were left intact. Kupfer (1928) studied the anatomy 
of large numbers of ovaries at various stages of the estrual 
cycle and found that young, sexually mature donkeys and 
horses ovulated on the free surface of the ovary as do cattle, 
sheep, goats, and pigs. The follicles were arranged in rows in 
the ovaries and particularly active follicular development was 
observed at the poles. The ovulation fossa (Ki.ipfer) is the 
result of unequal growth at the poles. These secondary growth 
processes result in a bending and deformation of the ovary and 
that portion of the ovary where ovulation takes place by prefer
ence is then found in a depression surrounded by a wall of 
ovarian tissue with a thick covering of connective tissue. The 
embryology and organogenesis of the horse ovary are such that, 
originally, ripe follicles may appear over the entire surface. 
Mirskaya and Salzman (1935) reported that follicles might start 
their development in any region of the ovary and after reaching 
a certain size they stood out markedly above the surface of the 
ovary and then migrated toward the ovulation groove where 
complete maturation and ovulation took place. 

Aitken (1926-1927) observed that it was sometimes difficult 
to distinguish between corpora lutea and follicles . The charac
ter of the corpora changed as they became older. Fresh corpora 
were often found to fluctuate because of their fluid-filled cavities, 
becoming elastic-like as the fluid coagulated and rough "like a 
mass of angle worms under a membrane" as the luteal tissue 
became folded. Corpora lutea were usually one-half to three
fourths of the maximal dimensions of the follicles they replaced 
and became noticeably reduced in size from the 6th-12th days 
until they could no longer be distinguished, usually during the 
1st part of the following heat period. Kupfer (1928) found that 
the wall of the burst follicle was soon surrounded by a wall of 
red tissue and the opening of the ruptured follicle closed. The 
center of a fresh corpus luteum filled with coagulated blood 
which was later transformed into a gelatinous mass. The corpus 
luteum was continuously reduced and withdrawn from the 
surface of the ovary and a superficial inspection of the surface 
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did not indicate whether or not the ovary had passed through 
many ovulations. 

The literature contains little information concerning dif
ferences in function of the right and left ovaries of the mare. 
Ovulation does not necessarily alternate between the ovaries 
(Aitken-1927); of 19 successive cycles 5 mares alternated 9 
times, repeated in the same ovary 6 times, and had twin ovula
tions 4 times. McKenzie and Terrill (1937) reported that in 
the ewe ovulation occurred 230 times in the right ov·ary and 179 
times in the left and that double ovulation appeared slightly 
more times in the same ovary than in different ones. The right 
ovary of cattle is functionally more active than the left. as 
reported by Stalfors (1916); Hammond (1927); Clark (1936); and 
Reece and Turner (1937). 

Mirskaya and Salzman (1935) observed that mares with 
small follicles showed the psychological signs of heat to the 
same degree as those with large follicles. In those mares with 
small follicles on the 1st day of heat, however, estrus tended to 
be longer than in mares with a large follicle at the beginning. 

Aitken (1926-1927) observed that many large follicles were 
present during the first few months of gestation but he did not 
find evidence of ovulation. After the 4th or 5th months the 
ovaries ceased to form follicles and became smaller than usual 
and very firm. Cole, Howell, and Hart (1931) reported that from 
conception until the 40th day the corpus luteum of pregnancy 
persisted and follicles of variable size were present in each of 
the ovaries. From the 40-150th days of pregnancy there was 
continued follicular development and several corpora lutea were 
present. Ovulation occurred in some cases. From the end of 
the 5th month until late pregnancy large follicles were com
pletely absent with a marked regression of the corpora lutea. 
At the end of pregnancy the ovaries were entirely lacking in 
corpora, although minute vestiges of old corpora lutea were 
observed in most cases. Follicles larger than 1 em. in diameter 
were seldom detected at that time. 

Ma:terials and Me:thods 
Ovarian changes were observed by palpation daily during 

estrus in 45 draft and 32 grade Thoroughbred mares. Examina
tions were made at intervals of 5-7 days during the interestrual 
period, during late and early pregnancy, and more frequently 
in certain critical cases. 

The location, size, and physical condition of the follicles and 
the development of corpora lutea were observed. Follicular size 
was estimated to the nearest half centimeter. There was un
doubtedly a difference in the extent to which individual follicles 
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protruded above the surface of the ovary and, although the 
method had limitations, it offered a reasonably accurate gauge 
of the size of the follicle and a highly precise method of deter
mining ovulation. 

~tr::.;::::::-=·~~·---------------~111! 

Fig. 8.-Follicle puncturing equipment. 1. Day type with 4 extra needle 
heads. 2. Missouri type. 

Ten follicles were artificially ruptured and the follicular 
fluid collected from 9 mares at various stages of the estrual 
cycle. As the follicular wall is not easily ruptured by the appli
cation of pressure drainage was accomplished by the use of a 
hypodermic needle and the supplementary equipment shown 
in Figure 8. Both instruments proved satisfactory for this work. 
The first was designed by Fred Day, M. R. C. V. S., of Cambridge 
University, England, and consists essentially of 2 hollow metal 
tubes, a series of detachable heads of various sizes, and a hypo
dermic needle. The needle is attached to the inner tube and can 
be retracted before the apparatus is used. The second instrument 
was assembled by the investigators and proved to be of value 
in working on mares difficult to restrain, for its flexibility allowed 
the animal to move without the needle becoming withdrawn 
from the follicle. Having selected a needle head of the approxi
mate diameter of the follicle, the needle is withdrawn and the 
first instrument inserted into the vagina. The ovary is then 
grasped through the rectal wall and moved to a position against 
the vaginal wall. By manipulating the instrument in the vagina 
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the follicle and the head of the apparatus are brought into close 
approximation, with the vaginal wall between; the needle is 
extended, the vaginal and follicular walls are pierced, and the 
fluid collected as it runs from the center hollow tube. The 
second apparatus is used by grasping the ovary per rectum with 
one hand, entering the vagina with the needle in the other 
hand, and, having located the follicle, piercing the vaginal and 
follicular walls and aspirating the fluid into a bottle. 

The term ovulation, although referring in a broad sense to 
the maturation processes of the ovum and follicle and the dis
charge of the ovum from the follicle, is used in these studies 
to refer to the rupture of the ovarian follicle. The day of ovula
tion, as previously discussed, is given as the day on which a corpus 
luteum was first detected. The interovulatory period is dated 
from the day following the detection of a corpus luteum and in
cludes the day prior to the palpation of a succeeding corpus 
luteum. 

Results 
Location of Follicles.-The ovaries of young mares were 

more regular in conformation than were those of mares of 12 
years or older. The so-called ovulatory groove is the result 
of a bending and deformation of the ovary with age and was not 
prominent in any but the older females. Follicles developed 
most frequently at the cranial and caudal poles of the ovary, 
and others were palpated in the more central regions. 

Process of Ovulal:ion.-The changes in physical condition 
undergone by follicles from the first day of estrus until the 
detection of corpora lutea were of two general types. Some 
were tense on the 1st day, became less tense on the 3rd or 4th 
days of estrus, and were again taut before ovulation; and still 
others were tense until prior to ovulation, when they became 
definitely flaccid. Practically all follicles regardless of size were 
taut and firm on the 1st day of estrus, and were best likened to 
a rubber ball well inflated with air. There was a certain degree 
of elasticity and the wall of the follicle was resilient to digital 

· pressure. Those follicles which remained tense throughout the 
period of examination often became extremely taut as the time 
of ovulation approached and were of drumhead firmness. The 
internal pressure became greatly reduced in some follicles prior 
to rupture and they were quite flaccid, as in the nature of a 
partly filled bladder. The difference in the physical condition of 
various follicles on the day preceding ovulation is undoubtedly 
explained, in part at least, by the fact that examinations were 
made at 24-hour intervals and some might have been several 
hours closer to rupture than others and yet have been described 
as of the day prior to ovulation. 
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Rupture occurred at the time of palpation in three cases. 
The follicles when first grasped were flaccid and when the fingers 
closed about them for the estimation of follicular size rupture 
took place. The process was similar to the bursting of a mem
branous sac partially filled with liquid, and the capsule seemed 
completely empty within a few seconds' time. There appeared 
to have been little pain involved for the animals showed no 
signs of discomfort when rupture occurred. Several examina
tions were apparently made very shortly after rupture. In these 
cases the entire region of the ovary where the follicle had been 
developing seemed flaccid, and the empty capsule could be 
palpated. In some instances there appeared to be a retention of 
some follicular fluid. 

Development of Corpora Lutea.-It is difficult to observe 
the development of the corpus luteum by palpation methods, and 
histological and cytological techniques must be applied if its 
development, regression, and function are to be understood in 
the mare. The corpus luteum was usually easily distinguished 
during the first 5 days following ovulation, but after that time 
it became difficult to locate with any degree of certainty. On 
the day on which the corpus luteum was first palpated it often 
seemed diffuse in nature and had the feeling of an irregularly
shaped sponge. In other cases it was already firm when first 
detected, had become smooth on the surface and firm in texture, 
but still retained its sponge-like character. These differences 
in physical properties are undoubtedly explained in the same 
way as were those of the follicles, for corpora lutea classified 
as of the same stage might have varied several hours in age. 
An accurate estimation of the size of the corpus luteum could 
not be made with the same ease as for the follicle. Most corpora 
lutea seemed to be about half as large as the follicle they re
placed and usually ranged between 1-3 em. in diameter. The 
corpus luteum did not continue to project above the surface of 
the ovary and usually was sufficiently withdrawn from the 
surface by the 7th-10th days following ovulation that it could 
not be located. The tendency of the corpus luteum to sink 
below the surface of the ovary seemed to hold for pregnant 
as well as non-pregnant mares; and the investigators hesitate 
to make positive diagnosis as to the presence and location of 
corpora lutea after 10-12 days of pregnancy, although in some 
cases masses which were apparently corpora lutea were pal
pated at longer intervals after breeding. 

Follicular Size.-A summary of the average daily size of 
all follicles which ruptured is shown for the left and right 
ovaries of both draft and light mares in Table 14. The average 
increase in follicular size from the first day of estrus until the 
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Table 14.- AVERAGE FOLLICULAR SIZE IN DRAFT AND LIGHT MARES 

Day of Estrus 

Type 
of 

Mare 

Draft 3.1 - 2.7 

Light 2.6 - 2.5 

All 2.9 - 2.6 

Day of Estrus 

Type Fol. 
of L 

Mare 

Draft 3.5 - 5.5 

Light 3.9 - 3.8 

All 3.8 - 4.6 

1L=Left Ovary 

2a=Right Ovary 

L R L 

3.6 - 2.8 3. 7 

3.0 - 2.5 3.0 

3.4 - 2.7 3.5 

L R L 

3. 0 - 5.8 

4.1 - 3.0 4. 7 

3. 9 - 4.8 4,7 

R L R L R L R 

- 3.0 3.7 - 3.6 3.9 - 3.6 4.2 - 3.8 

- 3,0 3. 2 - 3.0 3.3 - 3.3 3.0 - 3.1 

- ~.0 3.6 - 3.4 3. 7 - 3.5 3.7 - 3.5 

10 11 12 13 

R L R L R L R 

3.U 

4.0 3,0 

4.0 3,0 

43 

L R 

3. 9 - 3.6 

3.5 - 3.8 

3.7 - 3.6 

t.ime of ovulation was about 1 em. Some follicles underwent no 
change in size from the time they were first detected until 
ovulation occurred; others increased from an initial diameter of 
1.0-1.5 em. to 4-6 em. prior to rupture; and still others showed 
an increase, followed by a decrease in volume shortly before 
ovulation. 

The trends of follicular activity of the left and right ovaries 
of draft and light mares are shown in Figures 9 and 10. Not 
only were follicles more frequently present on the left ovaries of 
the mares of both types than on the right but there was also 
a tendency for the follicles to be of greater diameter on the 
left ovaries. The average diameter of follicles on the left ovaries 
of draft mares on the first day of estrus was 3.1 em. in contrast 
to a diameter of 2.7 em. of those on the right ovaries on the 
same day. The group of the greatest frequency was 2.5 c:t;n. on 
the left ovary and 2.0 on the right; 43% of the follicles 
on the right ovary were less than 2.5 em. in diameter ai! 
this time in comparison with 23.8% for the left ovary, and 
11.2% of the follicles on the left ovary exceeded 4 em. in di
ameter in contrast to 2% on the right. On the day preceding 
ovulation 5 em. follicles were most frequent on the left 
ovaries of draft mares and at this time 4 em. follicles were 
most numerous on the right ones. On the left ovary 45.2% of 
the follicles were larger than 4 em. whereas only 22% of those 
on the right ovary exceeded this diameter. 

There was little difference in the size of follicles on the 
left and right ovaries of light mares on the first day of estrus. 
Follicles on the left ovary averaged 2.6 em. and those on the 



44 MissouRI AGRICULTURAL ExPERIMENT STATION 

lO 

15 

i'. 
10 

l5 

lO 

/5 

% 
/0 

fOLLICULAR .SIZE IN DRAFT MARES 

LEFT OvARY 

O...V PRECEDING 

OVULATION 

LEPT OVARY 

FIRST DAv or EsTRus 

CIUiflmeftrJ 

I. 

Z5 

zo 

15 

10 

20 

15 

/0 

Centimeter~ 

RIGHT OvARV 

DAV PRECEDING 

OvuLATION 

RIGHT OvARY 

fiRST DAY or EsTRU3 

Fig. 9.-Frequency graphs showing follicular size in draft mares. 

right ovary were 2.5 em .. in diameter. The frequency distribu
tion of follicles of different sizes on the first day of estrus was 
somewhat similar. There was a greater percentage of 1 em. 
follicles on the right ovary; but the percentage of follicles of a 
diameter of 3 em. or greater was practically identical for left 
and right ovaries-51.5% and 50% respectively. On the day 
preceding ovulation there was a tendency for larger follicles to 
be present on the left ovary. Follicles of 3.5 em. w ere most 
frequent on both ovaries, but 62.2% of those on the left were 
greater than 3.5 em. in comparison with 47.7% of the same 
diameter or greater on the right ovary. 

The average follicular diameter was greater on both the 
left and right ovaries of draft mares on the first day of estrus 
than it was for the light mares. There was a higher percentage 
of 3.0-3.5 em. follicles on both ovaries of the light mares than 
on the ovaries of the draft mares but a greater percentage of 
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Fig. 10.-Frequency graphs showing follicular size in light mares. 

1.0-1.5 em. follicles was present in the grade Thoroughbreds. 
Large follicles occurred with greater frequency in the draft 
mares prior to ovulation. When the findings of both ovaries 
were averaged, 58.4% of the follicles were 4 em. or more in 
diameter in the draft mares on the day before the corpus luteum 
was detected, and only 33.3% were 4 em. or greater in the light 
mares. 

Ac:tivity of the Right: and Left Ovaries.-Ovulation occurred 
in the left ovary in 60% of the cases in draft mares and 61.6% 
of the cases in light mares. Although the number of consec
utive cycles during which a mare was observed was no greater 
than four, in no case did ovulation alternate between the left 
and right ovaries for more than three cycles, and in one mare 
ovulation occurred in the same ovary for four successive cycles. 

The complete failure of ovulation was seldom observed. 
Although follicles were frequently produced and resorbed be
fore reaching the point of rupture, in only 7 instances did 
ovulation fail to occur in at least one ovary during any one 
estrual period. Many mares produced more than one follicle 
and resorption occurred in 49 cases in mares of both types. 
A summary of the follicles produced and ruptured appears in 
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Table 15. Of 234 follicles produced on the left and right ovaries 
of draft and light mares 49, or 20.9% failed to rupture. Resorp
tion, however, occurred at the same rate in both ovaries. 

Table 15.- THE DEVELOPMENT OF FOLLICLES IN THE LEFT 
AND RIGHT OVARIES OF DRAFT AND LIGHT MARES 

Follicles Follicles Follicles 
Type Produced Ruptured Resorbed 

of Left Right Left Right Left Right 
Mare Ovary Ovary Ovary Ovary Ovary Ovary 

Draft 87 62 75 50 12 12 

Light 52 33 37 23 15 10 

All 139 95 112 73 27 22 

Two follicles were produced and ruptured during the same 
estrual period in 9 instances in 8 mares, as shown in Table 16. 

Table 16.- THE OCCURRENCE OF DOUBLE OVULATION 

Ovary in which 
Mare Type of Mare Follicles Developed 

Left Right 

Maggie Draft + + 

Chubby Draft + + 

Dolly Draft + 

Enid Draft + + 

.Enid Draft + + 

Havana Draft + + 

Connie Light + 

Georgette Light + + 

Idlewild Light + + 

As previously stated, 20.9% of the follicles palpated failed to 
rupture, while in but 3.8% of the cases twin ovulations were 
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observed. Although more than one follicle was often palpated 
on an ovary, two follicles seldom ruptured on the same ovary, 
as can be observed in Table 16. In only two cases did ovulation 
occur twice on the same ovary during the same estrual period
one mare, Enid, produced twin ova in both 1937 and 1938. 

Time of Ovula:tion.-Ovulation occurred over a wide range 
during the estrual cycle and rupture took place not only during 
estrus but following the cessation of heat. The time of ovulation. 
is shown for all mares in Figure 1 and, as will be observed, was 
extremely variable in relation to the beginning of estrus. In 
most mares the termination of estrus was fairly closely cor
related with the rupture of the follicle and for this reason the 
time of ovulation will be presented in relation to the end of 
heat. 
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Fig. H .-Frequency graphs showing the time of ovulation. 

LIGHT MARE3 

Ovulation occurred as early as 24 days prior to the cessation 
of estrus and as late as 5 days after the mare had passed out of 
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heat. Corpora lutea were most often detected on the last day 
of estrus and in 76.7% of the cases rupture occurred in the 
interval from 1 day before to 1 day after the end of heat. 
Ovulation was not dependent upon estrus, nor estrus upon ovu
lation. As discussed in Section I, mares which -exhibited "phy
siological" estrus ovulated in an apparently normal manner 
and conceived when artificially inseminated. In 50 instances 
corpora were not detected until the mares had gone out of 
heat, but since palpations were made at 24-hour intervals it is 
entirely possible that ovulation might have occurred during 
the latter stages of estrus in some of these. However, because 
in 9 cases rupture took place from 2-5 days after the mares 
refused to accept the stallion, there can be no doubt that post
estral ovulation can and does occur. 

Frequency distribution graphs of the time of ovulation of 
draft and light mares are shown in Figure 11. The time of 
ovulation in respect to the cessation of estrus was practically 
identical for both types of mare. 

The In:terovula:tory Period.-The period between successive 
ovulations extended over a wide range in both draft and light 
mares. The interovulatory periods of individual mares are 
shown in Figure 1 and the findings are summarized in Table 17. 

Table 17.- LENGTH OF THE INTEROVULATORY PERIOD IN 
DRAFT AND LIGHT MARES 

Type No. of No. of Length of Range of 
of Mares Periods Period Period 

Mare <mean days> (days) 

Draft 35 60 19.8 12 - 58 

Light 13 19 23,0 15 - 41 

All 48 79 20.6 12 - 58 
Frequency distribution graphs for draft and light mares, 

Figure 12, show that there was considerable deviation from 
the mean in both groups. The most frequent interval was 18 
days in the draft mares and 71.4% fell between 16-23 days. 
The average length of the interval between successive ovula
tions in the light mares was 23 days, but only 5.3% of them fell 
on that day. The group of the greatest frequency had a 17-day 
interval, and 57.8% of the cases were between 16-23 days. Al
though the draft females exhibited a greater. range their inter
ovulatory periods were more closely grouped than in the grade 
Thoroughbred mares. 
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LENGTH OF' THE lNTEROVULATORY PERIOD 
IN DRAFT AND LIGHT MARES 
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Fig. 12.-Frequency graphs shoyving the length of the interovulatory period. 

Development of Follicles during Interestrus, and Early and 
Late Pregnancy.-Follicles of 1-6 em. in diameter were occas
ionally palpated during interestrual periods but in most cases 
follicles could not be detected with a high degree of certainty 
until 1-2 days before the onset of estrus. Rectal examinations 
were made on selected mares at 5-7 day intervals during the 
first 50 days of pregnancy. Follicles were occasionally palpated 
between the 20th-25th days of pregnancy and in one case a 2 
em. follicle was detected 5 days after the cessation of estrus in 
a mare which subsequently proved to have conceived during 
that particular estrual period. Observations on most mares 
were of necessity discontinued .after the first four weeks of 
pregnancy and it was impossible to gather data during the 
period of most active ovarian activity-40-150 days of pregnancy. 
The ovaries of a limited number of mares were palpated during 
the month preceding parturition but no follicles were detected. 
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One mare aborted during the 9th month of gestation and when 
examined two days later she was in estrus and had a 1.5 em. 
follicle on the left ovary. It is not known whether or not this 
follicle was present before abortion occurred but it made its 
appearance more rapidly than for the average mare after par
turition. 

Artificial Rupture of Follicles.-Follicular fluid was drawn 
from 10 follicles in 9 mares by the methods previously described. 
Determinations of the volume, pH, specific gravity, color, con
sistency, and taste were made immediately following the col
lection of the fluid. The material was examined in small por
tions under a binocular microscope in an attempt to recover 
ova but none was obtained. The samples were then packed, 
without refrigeration, and sent to Columbia, Missouri, where 
photometric determinations of the amount of estrogens present 
were made. The daily behavior of each mare and the day on 
which the follicles were ruptured artificially are shown in 
Figure 1. The characteristics of the follicular fluid are sum
marized in Table 18. 

The amount of fluid that might have escaped into the 
abdominal cavity when the walls of the follicles were punctured 
is not known but it is believed that the fluid lost in this manner, 
or the material left within the follicle, was small. In most 
cases there is reasonably close agreement between the estimated 
size of the follicle and the volume of fluid recovered. A 2 em. area 
was detected on the left ovary of Floto 5 days following the 
cessation of heat. Although rupture had taken place on the 
left ovary in the preceding estrual period the area had the char
acteristics of a follicle rather than a corpus luteum; and it was 
decided that the fluid should be withdrawn. Only 6 cc. were 
recovered and, since follicles of an estimated 2 em. diameter in 
Folly and Jolly yielded 35 and 40 cc. of fluid respectively, there 
is some doubt as to whether or not the area ruptured on Floto 
might have represented a follicle of less than 2 em. diameter 
or a corpus luteum. 

The psychological and physiological phenomena of the es
trual cycle of the mare and their relationship to the estrone 
content of the follicular fluid and the urine are presented in 
another publication* and are summarized in this paper by 
means of brief case histories and Table 18 and Figure 13. 

Idlewild came in estrus for the 1st time during the obser
vations of 1938 on May 3 but did not ovulate. On June 6 the 
same follicle which had been present on May 3 was artificially 
ruptured and 100 cc. of fluid were recovered. As shown in 
*Mayer, D. T., Andrews, F. N., and McKenzie, F. F., The estrin content of 
the follicular fluid and urine of the mare and its relation to phenomena of 
the estrual cycle. Endocrinology, 27, 6, pp. 867-872, 1940. 



Table 18,- CHARACTERISTICS OF FOLLICULAR FLUID 

Consistency Taste Estrone Total Estrone Sex 
Date Estimated Volume Temp. at per cc. In Fluid Behavior at time 

Mare Collected Size of Fluid pH Specillc Time of Color (gamma) Recovered of Rupture 
Follicle Recovered Gra'lity Reading (gamma) 

(em,) fcc,) (OC,I 
.)lightly Sl!ghtly 7-J lnga 6fl6f38 6,0 112 7.65 1,015 30 Straw Sticky Salty 25.50 2856.00 Non-estrus M Sl!ghtly Slightly 'J) 

Idlewild 6/6/38 5.5 100 8.05 1.020 27 Straw Sticky Salty 25.00 2500.00 Estrus :'1 
Slightly Sltghtly > 

Isle t 6/6/38 4.0 72 7.80 1.020 . 26 Straw Sticky Salty 25.00 1800.00 Es trus :;<:) 
() Slightly Slightly H 

Helen 6/6/~8 3.5 71 7.80 1.021 26 Straw Sticky Salty 26.25 1863.75 Estrus .... 
Slightly Slightly 

td jolly 6/7/38 2.0 40 8. 00 1.022 17 Straw Sticky Salty 35.00 !400.00 Estrus 
Slightly Sltghtly C: 

Jenny 6/10/38 2.5 35 7,80 1.020 25 Straw Sticky Salty 20.50 717.50 Non-es trus• r-
l' 
M Trixie 

left Slightly Slightly j 
ovary 6/22/38 3,0 38 7,60 1.012 32 Straw Sticky Salty 20.00 760.00 Estrus z 
right Slightly Slightly 
ovary 6/22/38 3.0 31 7.60 1.009 32 Straw micky Salty 21.50 852,50 Estrus VJ 

Slightly SlightlY N 
Folly 6/7/38 2.0 35 8.10 1.020 17 Straw Stickyt Salty 21.00 735. 00 Non-estrus <0 

Slightlv Slightly 
Floto 6/7/38 2.0 6 7.90 1.020 17 Straw Stickyt Salty 75.00 450.00 Non-estrus 

t - Small amount of blood present 
* - In physiological heat 

ln 
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Figure 13, rupture was accomplished on the 3rd day of estrus 
and the fluid contained 25 gamma of estrone per cc. or a total 
of 2500 gamma. Heat was terminated on the day following 
rupture and recurred in 16 days. 

BEHAVIOR OF DRAFT AND LIGHT MARt:5 

PRcctoiNCO AND FOLLOWING THE ARTIFICIAL RuPTURE oF FoLLICLE5 

lJ u c:n;:rL...J lJ L:J ~ L 
~15~ 

....., 
[ ~ L 

fMo 
r31"5-J 

~U.nn.~Jn= 
Folly 

Jo//'1 

J•nny 
JUtJ cu::::w:JU~U~ 

lnga 

TriX/~ 
u u L,_ 

• tlenok4 fh. arhfJcJal rupfur• of a fo//,c/~ 

Fig. 13.-Behavior of draft and light mares preceding and following the 
artificial rupture of follicles. 

Islet was first observed in estrus on June 3 and a 3 em. fol
licle was present on the left ovary at that time. The follicle in
creased to 4 em. in diameter on the 4th day of estrus and was 
artificially ruptured. Estrus continued for 3 days following 
rupture although other follicles could not be detected, and a 
second estrual period was begun 15 days after the cessation of 
heat. The :total estrone content of the 72 cc. of :fluid recovered 
was 1800 gamma, or 25 gamma per cc. 

Helen-A 3.5 em. follicle was present on the left ovary on 
the first day of estrus: This follicle (3.5 em.) was ruptured on 
the 2nd day of heat and 71 cc. of :fluid were recovered. Estrus con-
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tinued for 1 day following rupture, and a second heat period was 
initiated 15 days following the end of tr).e preceding estrual 
period. Photometric assay showed 26.25 gamma of estrone per 
cc. and a total of 1863.75 gamma in the recovered material. 

Floto was in heat from May 30-June 1 inclusive and a corpus 
luteum was detected on June 2. Five days following the end 
of estrus a 2 em. follicle was palpated on the left ovary and on 
the following day rupture was accomplished and 6 cc. of fluid 
were withdrawn. The mare was in a non-receptive state at the 
time of rupture and remained in that condition for the remainder 
of the experimental period. A subsequent pregnancy test re
vealed that conception had occurred at service given between 
May 30-June 1, and the follicle had been ruptured during early 
pregnancy. The fluid contained 75 gamma of estrone per cc .. 
and a total of 450 gamma. 

Folly foaled on May 17 and showed no evidences of psy
chological estrus for 29 days following parturition. On the 20th 
day after foaling a 2 em. follicle was palpated on the left ovary 
although the mare was in a non-receptive state and did not 
exhibit the vaginal changes characteristic of estrus. This follicle 
was ruptured on the 22nd day after foaling, including the day 
of parturition, and 35 cc. of fluid were secured. The material 
assayed 21 gamma of estrone per cc. and the total content was 
735 gamma. 

Jolly-Forty cc. of fluid were recovered from a 2 em. follicle 
on the 1st day of estrus. The mare was receptive only on the 
day of rupture and the succeeding estrual period followed in 
19 days. The follicular fluid contained 35 gamma of estrone 
per cc. and 1400 gamma were present in the material recovered. 

Jenny did not exhibit psychological estrus during the ob
servation period of 1938 but did evidence "physiological" estrus. 
On June 10, 35 cc. of follicular fluid were recovered; a chemical 
assay showed it to contain 20.5 gamma of estrone per cc. and a 
total of 717.5 gamma. Jenny was classified as actively resistant 
on the day of rupture but the vagina and cervix showed the 
changes characteristic of normal estrus. 

Inga was observed in heat on May 5 and a corpus luteum 
was detected on the right ovary on the 3rd day of estrus. 
Receptivity continued and a 3.5 em. follicle was palpated on the 
left ovary on the 6th day of heat. Estrus was terminated on 
the following day but the follicle did not rupture. Six days 
after the cessation of heat the follicle was estimated to be 6 
em. in diameter and 112 cc. of fluid containing 25.5 gamma per 
cc. were recovered. 

Trixie foaled on May 6, 1938 and was in heat when brought 
in from the range on May 28. Estrus continued irregularly, as 



54 MISSOURI AGRICULTURAL ExPERIMENT STATION 
• 

shown in Figure 13, and on June 22, 38 cc. of follicular fluid 
were drawn from a 3 em. follicle on the left ovary and 31 cc. 
of fluid were obtained from another 3 em. follicle on the right 
ovary. The follicle on the left ovary had been palpated for 24 
days when it was drained and the fluid contained 20 gamma of 
estrone per cc. The follicle on the right ovary had been present 
for 3 days and its fluid contained 27.5 gamma per cc. Estrus 
continued irregularly, as shown in Figure 13, and 1.5 and 2.5 em. 
follicles were subsequently produced. 

Discussion 
Mirsk.aya and Salzman (1935) and Salzman (1936) reported 

a softening of the follicular capsule prior to ovulation; Aitken 
(1927) observed, as did the investigators in this study, that some 
follicles were tense and others decidedly slack as the time of 
ovulation approached. 

It was sometimes difficult to palpate corpora lutea for 
more than one or two days after the rupture of follicles and the 
findings of Aitken (1926-1927) and Kupfer (1928) that corpora 
lutea are 'continuously reduced and withdrawn from the sur
face of the ovary were substantiated. 

There has been rather close agreement among investigators 
as to the size of follicles at various stages of their development. 
Mirskaya and Salzman (1935) reported a range of 1-7 em. on 
the first day of estrus and a diameter of 4.5-5.0 em. in the group 
of the greatest frequency prior to ovulation. Follicles ranged 
from 1.0-7.5 em. on the first day of heat in mares observed in 
this study and were most frequently 4-5 em. on the day preced
ing rupture in draft mares and 3.5 em. in light mares. The 
average follicular diameter preceding ovulation was not as great 
as those reported by Aitken (1926) and Satoh and Hoshi (1933) 
at the corresponding time but the dimensions of the follicles in 
the groups of the greatest frequency corresponded to their aver
age values. 

Differences in the functions of the left and right ovaries 
have not hithertofore been reported for the mare. It was found 
that in this group of mares there were not only more follicles 
produced on the left ovary but there was a tendency for those on 
the left tc be of greater diameter than the follicles on the right 
ovary. As with other species, there was no rigid pattern for 
the order of ovulation. 

The development of more than one follicle during estrus 
has been reported by several investigators but their findings 
are similar to those reported in this paper in that usually only 
one and rarely two ruptured. Two follicles ruptured in but 
3.8% of the cases whereas 20.9% of the follicles palpated were 
resorbed. Voloskov (1936) reported, however, that ovulation 
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occurred in both ovaries within an interval of 2-3 days in 25-30% 
of the mares he studied. 

As previously shown by other investigators, ovulation was 
more closely correlated with the termination rather than the 
onset of estrus and 76.7% of the corpora lutea were detected 
on the day preceding and the day following the end of heat. 
Corpora lutea were detected in some mares 3-6 days prior to 
the end of heat and in other females ovulation did not occur· 
until they had passed into a non-receptive state. This latter 
phenomenon has been designated as post-estrual ovulation and 
has not been described in the literature. Mares which do not 
ovulate during estrus, although probably proportionately few 
in number, are a serious problem to horse breeders. Stallion 
spermatozoa are likely to lose their fertilizing capacity in the 
female tract within 24-36 hours and if ovulation does not occur 
within that interval the chances of conception are greatly re
duced. 

The development of follicles during interestrus and early 
and late pregnancy was observed and the findings were in agree
ment with those of Aitken (1926-1927) and Cole, Howell, and 
Hart (1931). 

The relationships between the development of follicles, 
ovulation and the termination of estrus, and the onset of the 
succeeding heat period are by no means throughly understood 
in the mare. Heat is usually terminated 1-2 days following 
ovulation and a second estrual period follows in 15-16 days. 
Hammond's finding (1934) that estrus ended in 1-2 days follow
ing the mechanical rupture of the follicle corresponded with 
the observations of others on the relation of ovulation and the 
cessation of receptivity and seemed to offer possibilities for 
further investigation. The results following the artificial rup
ture of 10 follicles of 9 mares were variable, as previously de
scribed. Five of the animals were in estrus when the follicles 
were drained. Estrus was terminated in 2 cases on the day 
following rupture, continued for one day in a third instance and 
for 3 days in a fourth mare. In none of these mares were other 
follicles palpated immediately following rupture, yet one, Islet, 
remained receptive to the stallion for 3 days. 

Trixie, the fifth animal which was in heat at the time of 
rupture varied widely irom the mean. Estrus was terminated 
on the second day following the rupture of two follicles but 
was resumed after 24 hours and continued for 3 days; small 
non-palpable follicles might account for behavior of this type. 

The interval between follicular rupture and the onset of 
the succeeding heat period was subject to some variation and 
ranged from 5-19 days. When the follicles were drained during 
estrus, however, the interval was 16 days in two instances and 
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18 and 19 days in two others. 
Photometric assay of the estrone content of the follicular 

fluid does not seem to offer a complete explanation of the sexual 
behavior of the mare. Idlewild exhibited a high degree of sex 
desire when 100 cc. of fluid containing 2500 gamma of estrone 
were recovered yet . Inga was classified as very actively resistant 
when 112 cc. of material containing 2856 gamma of estrone were 
secured. The relation between the estrone content of the fol
licle and the reaction to the stallion seemed to be of some sig
nificance when Jenny, Folly, Jolly, Helen, and Islet were com
pared. Jenny and Folly were not in estrus and their follicular 
fluids were low in estrone per unit and total volume. Jolly was 
mildly receptive and had a lesser total content of estrone than 
did Helen and Islet which exhibited medium receptivity. 

SECTION 111.-PHYSIOLOGICAL CHANGES IN THE 
GENITAL TRACT DURING THE ESTRUAL 

CYCLE :AND EARLY AND LATE 
PREGNANCY 

Review of Li:tera:ture 
During various phases of the estrual cycle and pregnancy 

the genital tract undergoes rhythmic changes. Phenomena simi
lar to those described in the sow (McKenzie-1926), in the cow 
(Hammond-1927), and in the ewe (Casida and McKenzie-
1932; McKenzie and Terrill-1937) have been reported in the 
mare by various investigators. 

Marshall (1922) observed that the genitalia were always 
swollen and congested during heat and that a glutinous secre-

. tion was generally emitted from them. Seaborn (1925) found 
that the uterine mucosa was rosy in color and covered by a 
small amount of nearly colorless fluid on the first day of estrus. 
On the day of ovulation he found that there was a small amount 
of free fluid in the uterus and that the amount of moisture 
decreased as the animal passed out of heat. Aitken (1926-1927) 
observed great variation in vulvar changes during the estrual 
cycle. The vulva was usually small, wrinkled, and light in 
color and the mucous membrane pale and dry during the inter
estrual period while at the peak of heat it was pendant, smooth, 
relaxed and the mucous membrane reddened and moist. Tem
perature, exposure, and the mental state of the mare affected 
the size and color to such a degree that Aitken concluded that 
the changes were not reliable in the diagnosis of heat. Kurosawa 
(1931) described the vaginal mucosa as hyperaemic and shiny 
during proestrus and estrus, and that there was a decrease in 
vascularity and shine during postestrus. There were usually 
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large amounts of thin, clear mucus during proestrus and estrus, 
and a decrease in volume with an increase in the viscosity of 
mucus during postestrus. Chernov (1933), Patrusev (1935) and 
Mirskaya and Salzman (1935) reported findings of a similar 
nature. Caslick (1937) placed considerable importance upon 
vaginal changes and determined the "ovulation period" by them. 
He observed only one mare to pass through a true estrual period 
with a dry vagina, but found that individual mares might vary 
greatly in the degree of congestion and amount of secretion. 
Wind-sucking and bacterial infection altered the normal vaginal 
changes. 

Cervical tone has been shown to be a rather reliable indica
tion of estrus. In the period immediately pre~eding and during 
heat there is a gradual relaxation of the cervix, increased 
hyperaemia, and a complete loss of rigidity in some cases. 
During diestrus the cervix is tightly closed (Aitken-1926; 
Kurosawa-1931; Mirskaya and Salzman-1935; Patrusev-1935; 
Caslick-1937; and McKenzie and Andrews-1937). 

Excessively acid conditions in the female reproductive tract 
have frequently been advanced as causes of sterility or infer
tility in the domesticated animals. Little qualitative and less 
quantitative information is available on this point in the mare. 
Kurosawa (1931) reported that the vaginal mucus was always 
alkaline. Dybing (1935-1936) made pH determinations with the 
Wulff-Folie colorimeter on fresh mare tissue recovered from a 
slaughter house. The mean pH values of the vestibulum were 
7.9, the vagina-7.4, the cervical canal-6.9, and the uterus..,.-
6.7. In 28 cases where fresh corpora lutea were present the 
mean pH of the uterus was 6.4 and in 52 cases where no fresh 
corpus luteum was present the average was 6.9. 

· The temperature relationships of the estrual cycle have 
not been investigated in the horse. The average rectal tempra
tur of the mare is 10.0.0° F. with a range of 99.1-100.8° F. (Fon
taine-1919, as reported by Dukes-1935). Rubenstein (1938) 
and Rubenstein and Lindsley (1937) studied the relationships of 
ovarian activity, vaginal smears, basal body temperature, and 
the basal metabolic rate in the human. The lowest temperatures 
were found to occur in the ovulative phase and the highest in 
the premenstrual phase. When observations of the basal meta
bolic rate were made on the same subjects it was observed that 
the B.M.R. fluctuated widely but regularly during the menstrual 
cycle; the lowest values occurred in the ovulative phase and 
the highest in the premenstrual phase. · · 

The condition of the vulva, vagina, and cervix during preg
nancy has been studied by several investigators and the findings 
have been closely similar (Aitken-1926; and Kurosawa-1931) .. 
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As early as 15 days after copulation the speculum may be 
difficult to introduce. The vulva is usually tight and pale and 
the vaginal walls are covered with a heavy, viscid mucus. The 
cervix becomes closed and a grayish-white, sticky, dry mucus 
is found at the orifice. Caslick (1937) observed the gross changes 
of involution in the mare. The fetal membranes were usually 
passed within an hour and by the end of a few hours the entire 
genital tract was closed through contraction. There was a thick
ening of the "serum" and cellular content of the uterus; a choco
late-colored, gluey, dry secretion was forced into the vagina from 
the uterus and the genital canal practically sealed. Lysis began 
in 72 hours and the secretion was dissolved and resorbed in the 
following 48 hours. He found the genital tract to be normal on 
the 6th day after foaling and described a pale or pinkish vaginal 
mucosa covered by a slight amount of a clear mucous secretion 
at this time. 

Materials and Methods 
Vaginal examinations of selected draft and light mares 

were made on the odd days of estrus in 1937, daily during heat 
in 1938, at 7-day intervals during the inter-estrual period in 
1937, and at 5-day intervals in 1938. Examinations were also 
made at 7-day intervals during early and late pregnancy in 1937 
and at 5-day periods in 1938. 

The mares were restrained in a standing position by means 
of casting hobbles and the stocks shown in Figure 14. The tail 
of each animal was bandaged, and the tail-region and vulva 
thoroughly washed with a warm 0.8% solution of creolin. The 
labia were wiped out with a piece of absorbent cotton wrung 
first in the disinfectant solution. When not in use a vaginal 
speculum was kept in a second 0.8% solution of creolin and was 
lubricated* before being inserted into the vagina. The equip
ment used is shown in Figure 15. 

The color changes of the labia vulva and the vaginal mucosa 
were studied in 1937. Color standards which exactly duplicated 
the condition in the mare could not be secured but Munsell 
color charts of Red, Red Yellow-Red, and Red-Purple Red were 
selected. These charts were made of a series of color discs 
ranging in color value from 2-8 and in color chroms from 2-10. 
Value is defined as the luminosity of a color, by which, for ex
ample, light red differs from dark red. Chroma is defined as 
color purity or intensity, by which for example a pure or 
spectral red differs from broken or grayish red. The recording 
of a reading R 5j l0 would mean, therefore, red, value 5, chroma 
*Lubricating Jelly 
Gum Tragacanth 6 gm. Boric Acid Sat. Sol. 5 cc. 
Glycerin 10 cc. Water 100 cc. 

Mix gum and glycerine thoroughly before adding water and boric acid. 
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Fig. 14.-The stocks. 

10. A value of 5 indicates a color darker than a value of 8, and 
a chroma reading of 4 indicates a more intense color than a 
reading of 10. The color of the labia was estimated when the 
lips of the vulva were wiped out with cotton and the color of 
the vaginal mucosa was observed under artificial light conditions 
as soon as the vaginal speculum was inserted. 

Rectal and vaginal temperatures were secured in 1937 with 
clinical thermometers immediately following the color estima
tion of the vulva and before inserting the speculum. No attempt 
to secure basal body temperatures was made for the animals 
were being maintained under range conditions, and in a highly 
active state. Readings were taken between 9 A.M. and 4 P.M. 
and a record of the time of each reading was made. 
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Fig. 15.-Equipment used in vaginal examinations. 1. Speculum. 2. Tail 
bandage. 3. Tongue depressor and glass slide. 4. Head lamp. 

Estimations of the degree of vascularity of the vaginal and 
cervical mucosae were made in both 1937 and 1938. Three rela
tive standards-low, medium, and high vascularity-were made 
up, as shown in Figure 16, and the estimations were made as 
soon as the vaginal speculum was inserted. 

Low vascularity. Medium vascularity. High vasculari t;r. 

Fig. 16.-Charts used in classifying degrees of va scularity. 

The amount and viscosity of the secretions recovered from 
the anterior vagina and cervix were estimated when samples of 
these secretions were withdrawn for hydrogen-ion determina-
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tions. The amount was recorded as low, medium, or high, depend
ing on the ease with which the material could be drawn by 
aspiration into a pipette. The viscosity was relatively estimated 
as low, medium, or high. 

Hydrogen-ion determinations were made with a Leeds and 
Northrup potentiometer, a quinhydrone electrode, and a satur
ated calomel cell. To facilitate the application of this method 
to small amounts of material, the pipettes, electrodes, and half
cell shown in Figure 17 were constructed. The pH of the ma
terial was expressed to the nearest 0.05 from a chart adapted for 
each degree Centigrade. 

2 

Fig. 17.-Equipment used in determining hydrogen-ion concentration. 
1. Pipettes assembled for aspiration. 2. Pipettes assembled 
with electrodes. 3. Assembled half-cell with pipette and 
electrode. 

The degree of cervical tone was estimated by digital palpa
tion and recorded by an arbitrary standard, in this order
completely relaxed, slightly contracted,. slightly relaxed, and 
contracted. 
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Results 
Color of Labia Vulva and Vaginal Mucosa.-Although the 

color charts available were not particularly well adapted for 
this study and observations were not continued during 1938, 
certain trends were evident. 

Changes in the color of the labia were not as marked as 
those in the vaginal mucosa. As the time of foaling approached 
the depth of color increased in most cases, although some mares 
showed little change. The greatest intensity of color was ob
served on the day following parturit ion and readings of R 5j 10 
were made in some mares at that time. Foaling was sometimes 
accompanied by varying degrees of trauma and undoubtedly 
accounted for some of the differences in color. The labia of 
most mares showed more color during estrus than during the 
interestrual period but other mares exhibited little change dur
ing the estrual cycle. Those females which were examined 
during foal heat showed the greatest intensity of labial color 
in nearly all instances and when comparisons of the first and 
second estrual periods after foaling were made in a few mares 
the color intensity was less during the second period. 

More definite color changes were observed in the vaginal 
mucosa than in the labia. During the last seven weeks of preg
nancy color intensity ranged from pale to marked color (R 8j 6-
R 5j10). The most intense colors were recorded on the day fol
lowing parturition-from R 6j 8-R 5j 10-and were apparently 
correlated with the degree of trauma experienced during foal
ing. As was found in the labial examinations, color was most 
intense during the first estrual period after parturition. Color 
ranged from pale to distinctly red (R 8j 4-R 5/ 10) on the 1st 
day of heat and R 8j 6-R 5.f10 on the 3rd day of estrus. Some 
mares showed an increased intensity on the 3rd and 5th days 
of heat and others showed little change throughout the period 
of sexual receptivity. Following the cessation of estrus there 
was a decrease in color intens~ty and the lowest values were 
usually recorded between the 6th-14th days of the interestrual 
period and ranged from R 8j 4-R 6j 10 during that time. The 
lowered color intensities observed during the interestrual period 
were usually maintained or still further decreased between the 
3rd and 7th weeks of pregnancy. 
. Although there was a definite tendency for the intensity of 
the color of the labia vulva and the vaginal mucosa to be great
est during estrus and least during interestrus the high degree 
of individual variation observed prevents the phenomenon from 
being of any diagnostic value. Some mares failed to exhibit 
noticeable color change at any phase of the estrual cycle and 
others showed a higher color intensity during the interestrual 
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period than did some mares during estrus. Some of the older 
mares with gaping labia and highly relaxed vaginal walls ex
hibited high color intensity throughout the estrual cycle and 
estrus could not have been detected by color changes alone. 
Differences between draft and light mares were not apparent. 

Vascularity of the Vaginal and Cervical M ucosae.-Changes 
in the vascularity of the mucous membranes of the vagina and 
cervix were more marked than were the changes in color. 
Examinations made from 4-7 weeks prior to parturition usually 
revealed medium vascularity of the vaginal mucosa. During 
the last 3 weeks of pregnancy small arteries and veins, arterioles 
and venules, and the capillary network became increasingly 
prominent and a high degree of vascularity was usually recorded. 
In some cases high vascularity was observed during the 4th 
week preceding foaling and in others medium vascularity was 
found as late as the 3rd week before foaling. The vaginal 
mucosa was most highly vascular after parturition and the 
blood vessels continued to be very prominent from foaling until 
the end of the first estrual period. With rare exceptions rhythmic 
vascular changes were observed during the estrual cycle. The 
highest values were recorded during estrus and there was a 
tendency for the maximal degrees of vascularity to coincide with 
the approach of ovulation. Following the rupture of the follicle 
and the cessation of heat there was a decrease in vascular con
gestion and minimal values were observed between the 5th-10th 
days of the interestrual period. As early as the 3rd week of 
pregnancy a marked decrease in vascularity, as compared with 
the estrual condition, was observed and the vaginal mucosa had 
a blanched appearance in some cases and might have been 
described as cyanotic. Examinations were terminated after 
the first 7 weeks of pregnancy, and low degrees of vascularity 
were observed up until that time. 

The Munsell color charts designate color in terms of hue, 
value and chroma. Hue is determined by the dominant wave 
length of the color, for example, red, yellow, purple, red yellow
red, red purple-red, etc. Value is defined as color brightness or 
luminosity by which, for example, light red differs from dark 
red. Chroma is defined as color purity by which, for example, 
spectral red differs from grayish red. A reading of R 5jl0 would 
be translated R = red hue; 5 =value, in this case a bright red; 
and 10 = chroma, in this instance a rather pure red containing 
little gray. A reading of R 8/ 4 would indicate red hue; 8 = 
value, a light pinkish red; and 4 = chroma, a red containing 
appreciable amounts of gray. 

The cervix, or that part of it projecting into the cavity of 



64 MISSOURI AGRICULTURAL ExPERIMENT STATION 

the vagina-the portio vaginalis uteri-underwent vascular 
changes similar to those of the vaginal mucosa. An increase of 
cervical vascularity was observed from 3-7 weeks prior to 
parturition and ranged from medium to high during the last 
2 weeks of gestation. The greatest amount of vascular con
gestion usually occurred immediately following foaling, especial
ly in those mares in which trauma accompanied parturition. 
Varying degrees of vascularity were recorded during the estrual 
cycle but in the greatest number of mares congestion was most 
marked during heat, and tended to increase as the time of 
ovulation approached. During estrus the portio vaginalis uteri 
was sometimes studded with small red spots apparently caused 
by an extravasation of blood. The degree of vascularity de
creased following ovulation and the termination of estrus, and 
the lowest values were observed between the 5th-10th days of 
the interestrual period. 

Individual mares showed little vascular change in the 
vaginal and cervical mucosae during the estrual cycle and some 
showed a higher degree of vascularity during non-estrus than 
did others during estrus. Those mares which manifested only 
"physiological" estrus tended to exhibit the same vascular 
changes as did those females which were receptive to the stallion. 
In some instances greater vascular congestion was observed 
during the first estrual period after foaling than during succeed
ing ones. Marked differences between draft and light mares 
were not evident but there was a slight age variation. Certain 
of the older mares with tendencies toward wind-sucking and 
the accumulation of urine in the vagina exhibited a higher 
degree of vascularity than did those mares entering the breeding 
herd for the first time. 

Amount and Viscosity of Vaginal and Cervical Secretions. 
-With the exception of the glandulae vestibulares majores and 
minores, secretory glands have not been demonstrated in the 
vaginal mucosa of the mare, and vaginal secretions are referred 
to in the sense that they were recovered from the anterior 
vagina. 

It was often difficult to insert a vaginal speculum between 
the 3rd and 7th weeks preceding parturition because of the 
adherence of the vaginal walls. Large amounts of a pinkish
white mucilaginous substance which adhered to the speculum 
and which could be drawn into a pipette only with great dif
ficulty were present. During the last three weeks of pregnancy 
the vaginal walls tended to become separated and the gummy 
material was replaced by a less viscid substance. Between the 
1st-5th days after foaling large amounts of sticky, highly viscous 
material, sometimes containing blood and other times having a 
chocolate~colored appearance, were recovered from the vagina. 
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This type of secretion had usually disappeared by the 1st day 
of foal heat and was replaced by the material characteristic of 
the estrual cycle. Most mares showed cyclic changes during 
the cycle. There was an increase in the amount of fluid which 
could be recovered from the vagina 1-2 days before the onset of 
heat and on the 1st day · of estrus medium to large amounts of 
a thin, highly lubricatory substance could be secured by aspir
ation. The maximal volume and the lowest viscosity were 
usually recorded as the time of ovulation approached; and fol
lowing rupture and the termination of heat the secretion de
creased in amount and increasecl in viscosity. The volume was 
least and the viscosity greatest between the 5th-10th days of 
the interestrual period. 

As early as the :3rd week of pregnancy changes were observed 
in the va.e:inal mucosa. There was a tendency for the walls to 
adhere and for a sticky, mucilaginous secretion to gather on 
the vaginal speculum. This material was not as abundant nor 
as viscous as was that found during the last few weeks of 
gestation, but it was of a similar nature and proved to be of 
some value in the early physical diagnosis of pregnancy. 

Rhythmic changes in the nature of the secretion recovered 
from the cervix were observed during early and late pregnancy 
and during the estrual cycle. The orifice of the cervix was 
closed by a thick, sticky mucus which could be recovered in 
only smaJl amounts until 7-14 days before parturition. The 
material became less viscous 1-2 weeks before foaling, could 
be more easily drawn into a pipette, and took on the charac
teristics of a lubricant rather than a seal. Immediately following 
parturition and during the next few days the substance recov
ered from the cervix was of the same nature as that described 
for the vagina during the corresponding period and was appar
ently a part of the involutionary process of the uterus. 

The cervical secretion varied during the estrual cycle in 
much the same way as did the fluid drawn from the vagina. 
There was an increase in secretory activity 1-2 days preceding 
estrus which reached its peak at the approximate time of ovula
tion. As the volume increased the viscosity decreased; and 
during the 3rd-5th days of heat large amounts of a thin, clear 
secretion with high lubricating properties was usually observed. 
In most cases the minimal volume and maximal viscosity were 
recorded during the 5th-10th days of the interestrual period. 

Pregnancy changes were often apparent as early as the 3rd 
week following the cessation of estrus, and at that time small 
amounts of a dry, highly mucilaginous substance were difficult 
to recover. The cervix was not explored beyond ·its external 
orifice during early and late pregnancy, for palpation seemed to 
induce uterine contractions in some mares; rather than risk 
possible abortion when such reactions were observed further 
examinations were abandoned. 



66 MISSOURI AGRICULTURAL ExPERIMENT STATIO:N 

Cervical Muscle Tone.-During late pregnancy the cervix 
was tightly contracted and sealed by a mucous plug, as previ
ously described. There was a gradual relaxation 1-2 weeks 
preceding parturition and complete relaxation shortly before 
foaling. During the interval from foaling to the first estrus 
there was a gradual reappearance of cervical tone; but the 
cervix characteristically showed maximal relaxation on the 
1st day of foal heat. 

The changes in cervical muscle tone during the estrual 
cycle were more marked than any of the other uterine or vaginal 
physiological phenomena studied. In most mares there was a 
gradual relaxation of the cervix 1-2 days before the onset of 
heat. Cervical tone ranged from completely relaxed to con
tracted on the 1st day of estrus but was slightly relaxed to 
slightly contracted in most cases. As the time of ovulation 
approached, maximal relaxation usually occurred and uterine 
exploration could have been made with little difficulty. Fol
lowing the rupture of the follicle there was a gradual increase 
in muscular tone, and the highest degrees of contraction were 
observed between the 5th-10th days of the interestrual period. 

Following conception there was a progressive cervical con
traction. As early as the 3rd week in some cases the cervix 
became more prominent and could be palpated as a firm, slightly 
tortuous structure 5-7 em. in length. These changes were suf
ficiently definite to assist materially in the early diagnosis of 
pregnancy. 

Individual differences accounted for certain variations from 
the mean. In some mares cervical relaxation began as early as 
4-5 weeks prior to foaling. The investigators observed only a 
slight contraction in the cervix of one mare estimated to be 
5-6 months pregnant; and a few mares, which apparently were 
in an anestrual condition, exhibited the high degree of contrac
tion usually characteristic of pregnancy. However, these isolated 
observations do not warrant the formulation of any theories. 

The relationships of the physiological phenomena which 
have been discussed are presented in graphical form in Figure 
18. These curves have been drawn to show the changes and 
relationships in most mares and no attempt has been made to 
include the range of the data at various stages of the estrual 
cycle. 

The pH of Vaginal and Cervical Secre:tions.-Hydrogen-ion 
determinations of 1626 samples of vaginal and cervical secre
tions recovered at various phases of the estrual cycle and during 
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early and late pregnancy have shown that, although there is a 
considerable range in the pH of these materials during any 
particular period, there is a definite trend. When the pH of the 
vaginal secretions of all draft mares was compared with that 
of the light mares it was found that higher degrees of alkalinity 
were usually associated with the draft mares. The pH of the 
vaginal secretions of draft and light mares are graphically pre
sented in Figure 19. There was a tendency for the most alkaline 
readings to be made prior to ovulation (about the 4th-5th days 
of estrus) and for the pH to decrease following the rupture of 
the follicle and the cessation of heat. A pH of 8.45 was observed 
in a single draft mare on the lOth day of estrus and explains 
the shape of the curve at that time. Since the average length 
of heat was 5.3 days, the points of the graph after the 8th day of 
estrus represent relatively few samples. The average vaginal 
pH for both draft and light mares on the 1st, 2nd, 3rd, 4th, 
and 5th days of estrus was 8.02, 8.22, 8.08, 8.23 and 8.05 respec
tively. The range of pH of all mares on the 1st day of heat was 
7.15-8.65 and on the 4th day of estrus, 7.10-8.85. 

The non-estrual data are also presented in Figure 19 and 
include the readin_gs of both the interestrual period and early 
pregnancy. With the exception of a few isolated readings the 
data from 20-42 days represent the findings during early preg
nancy. The lowest vaginal pH was usually observed between the 
5th-10th days of the interestrual period and was .rather similar 
for both draft and light mares. The average vaginal pH for all 
mares 5, 10, and 15 days following the cessation of heat was 
8.02, 7.95, and 7.93 respectively. The changes in hydrogen-ion 
concentration during early pregnancy were not marked and 
the average pH of vaginal secretions at the 21st, 28th, and 35th 
days was 7.45, 7.59, and 7.63 respectively. 

Data on the pH of the cervical secretions of draft and light 
mares are presented in Figure 20. As was found in a study of 
the vaginal fluids a higher degree of alkalinity was usually 
observed in the draft mares, although the range for both groups 
was practically the same. The highest pH values were usually 
observed shortly before ovulation, and following the rupture of 
the follicle there was a gradual downward trend, with the 
lowest readings between the 5th-10th days of the interestrual 
period. The average cervical pH of all mares on the 1st, 2nd, 
3rd, 4th, and 5th days of estrus was 7.75, 7.88, 7.82, 7.98, and 7.90 
respectively. The range was 6.45-8.45 on the 1st day of heat and 
6.70-8.55 on the 4th day. The average pH for all mares 5, 10, and 
15 days following the cessation of heat was 7.93, 7.75, and 7.81 
respectively. The hydrogen-ion concentrations of the cervical 
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Fig. 19.-The pH of the vaginal secretions during the 
estrual cycle and early .pregnancy. 
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secretions during early pregnancy were similar to those obtained 
during interestrus. The average pH at the 21st, 28th, and 35th 
days was 7.33, 7.33, and 7.51 respectively. 

The average pH readings of the vaginal and cervical secre
tions of all mares are compared in Figure 21 and represent the 
summary of the combined data of Figures 19 and 20. The simi
larity of the shape of the curves is marked; the trend of both 
was the same, and there is a tendency for the vaginal secretions 
to be consistently more alkaline than the cervical secretions. 
The difference in the pH of the two types of secretions was 
greater during estrus than nonestrus. 

The data gathered during late pregnancy were of necessity 
limited and are graphically presented in Figure 22. Since the 
day of parturition cannot be predicted with any degree of 
certainty, attempts to include several animals in a group when
ever samples were taken were not always successful. Conse
quently the points of the graph are based on from 1-4 deter
minations in each case, and individual variation may account 
for the results. The vaginal secretion ranged between a pH of 
6.90-8.65 and the cervical secretion between 6.95-8.25. As was 
observed during the estrual cycle, the vaginal fluids tended to 
be more alkaline than those recovered from the cervix. 

During the interval from foaling until the onset of estrus 
(Figure 22) 45 samples of vaginal and cervical secretions were 
studied. The data do not lend themselves to extensive interpre
tation but there was a tendency for the alkalinity of both the 
vaginal and cervical secretions to decrease following parturition. 

Rectal and Vaginal Temperatures.-Although it was realized 
that if the temperature of the horse underwent cyclic changes 
during the estrual cycle that those changes would be minute 
in character and that the basal body temperature of horses 
maintained under range conditions could not be determined, an 
attempt was made to study the phenomenon in 1937. Nine 
hundred forty-seven rectal and vaginal readings were taken at 
various phases of the estrual cycle and during early and late 
pregnancy. There was marked individual variation, some of 
which was undoubtedly due to physiological causes and some 
of which was probably the result of external factors such as 
excitement and fright, movement prior to observation, and 
environmental temperature. 

When the readings were grouped in Table 19 a tendency 
for certain relationships to exist became apparent, but since 
the data are limited, definite conclusions cannot be drawn. The 
average rectal temperature of draft mares during late pregnancy 
was approximately the same as that of lactating animals during 
interestrus. The highest rectal readings were made on the day 
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Period 

4-48 days before 
foaling 

1 day after foaling 

Estrus 

Interestrus and 
early pregnancy 

4-48 days before 
foaling 

1 day after foaling 

Estrus 

Interestrus and 

Table 19.- RECTAL AND VAGINAL TEMPERATURES 

Dry Draft 

Temp. Cases 
~ .Nl!. 

100.7 94 

100.45 86 

100.33 98 

W ~TEMPERATURES 

Pregnant and 
Lactating Draft 

Temp. Cases 
9 N2.. 

100.64 39 

101.39 12 

100.77 46 

100.66 46 

Dry Light 

Temp. Cases 
£1' N2.. 

100.60 58 

100.42 54 

W) YAQINA.L.. TEMPERATURES 

100.24 39 

100.7 12 

100. 37 46 100.72 58 

Lactating Light 

Temp. Cases 
~ li2.. 

100.80 

100.66 

100.61 22 

100.75 

100.47 

early pregnane: 100.15 87 100.31 46 100. 58 54 100.41 22 

following parturition. The rectal temperatures of dry and lac
tating draft and light mares were higher during estrus than 
during interestrus and those of the lactating mares tended to 
be higher than those of he dry mares. Draft females tended to 
have higher rectal temperatures than light ones. The range in 
rectal temperature during estrus was 99.0-104.0°F. and 99.0-
101.90F. during interestrus. 

The average vaginal readings (Table 19) for all groups were 
greater during estrus than during interestrus and those of the 
lactating draft mares were higher than those of the dry draft 
mares. With the exception of the non-lactating light mares, the 
average rectal temperatures were greater than the average 
vaginal tmperatures. The range in vaginal temperature during 
estrus was 99.0-108.0°F. and 99.0-101.8°F. during interestrus. 

Discussion 
The color changes of the labia vulvae, although indicative 

of a trend, were subject to wide individual variation. Aitken 
(1926-1927) reported that temperature, exposure, and the mental 
state of the mare affected the size and color of the vulva and 
he concluded, as in this study, that these changes were not a 
reliable measure in the diagnosis of estrus. 

Several investigators have reported changes in the color 
and congestion of the vaginal and uterine mucosae but the 
observations have been largely qualitative. Seaborn (1925) found 



RESEARCH BULLETIN 329 75 

the uterine mucosa to be rosy on the 1st day of estrus; Kurosawa 
(1931) described the vaginal mucosa as hyperaemic and shiny 
during proestrus and estrus; and Chernov (1933), Patrusev (1935), 
and Mirskaya and Salzman (1935) reported increas~d congestion 
during heat. Caslick (1937) considered the vaginal changes to 
be of sufficient importance for their use in the determination of 
what he called the "ovulation period". The results of this work 
indicate that while color changes of the vaginal mucosa undergo 
rhythmic variation in most mares they do not offer a reliable 
means for the detection of heat in individual cases. On the 
other hand the degree of vascularity or congestion, although 
influenced, as reported by Caslick (1937), by wind-sucking and 
bacterial infection, was a more reliable guide in the physical 
diagnosis of estrus. 

There was complete agreement in the literature reviewed 
as to the changes in cervical muscle tone during the estrual 
cycle. With the exception of the psychological and ovarian 
phenomena, the rhythmic changes in the tone of the cervical 
muscles were the most marked and most constant of the ob
served events. It was found that in those mares which failed 
to exhibit psychological estrus complete relaxation of the cervix 
was always accompanied by a palpable follicle in at least one 
ovary. Although, in the absence of a qualified practitioner, the 
layman will undoubtedly be unable to ascertain the optimum 
time of insemination in such mares by ovarian palpation, the 
observant breeder can at least increase the chances of con
ception if he is aware of the changes in cervical tone. This same 
phenomenon offers possibilities in the detection of so-called 
"false heat", where the psychological manifestations of estrus 
appear in the absence of the physiological changes. The recog
nition of this condition not only conserves the energy of the 
stallion but often prevents injury to pregnant mares which, 
while apparently willing to accept the male, are not in the 
proper physiological state for copulation. 

The available literature on the hydrogen-ion concentration 
of the secretions of the reproductive tract of the mare does 
not permit extensive comparisons with the findings in this 
study. Dybing's work (1935-1936) is not strictly comparable in 
either materials or methods. His determinations were made on 
a Wulff-Folie colorimeter rather than a potentiometer and on 
secretions recovered from slaughter-house tissue rather than 
from living animals. He reported the mean values of various 
levels of the reproductive tract irrespective of the stage of the 
estrual cycle, although he did observe the presence or absence 
of fresh corpora lutea. His mean pH values of the vagina-7.4-
and the cervical canal-6.9-were within the range of those 
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observed in this study but were distinctly less alkaline than 
were the average values recorded during early or late pregnancy, 
following parturition, or during estrus or interestrus in the 
particular group of mares. Of 1626 determinations made in this 
study only 38 were below a pH of 7.0, whereas Dybing found 
the average pH of the cervical canal to be 6.9. 

Rubenstein and Lindsley (1937) and Rubenstein (1938) found 
that in the human there was a relationship between basal body 
temperature, basal metabolic rate, and ovarian activity, and 
that the lowest temperatures and B.M.R. occurred during the 
ovulative phase of the menstrual cycle. In the mare the highest 
rectal temperatures were observed during estrus, the ovulative 
phase of the estrual cycle of the mare. The phenomena associated 
with ovulation in the human and the mare cannot be strictly 
compared for the human does not experience the period of 
marked sexual receptivity characteristic of the mare, but the 
comparison and contrast of the two species is of interest from 
the physiologic point of view. Fontaine (1919) reported the 
average rectal temperature of the mare to be 100.0°F. with a 
range of 99.1-100.8°F . A range of 99.0-104.0°F . was observed 
during thi~ study in mares showing no external evidence of 
pathological disturbances and both the rectal and vaginal tem
peratures were consistently above 100.0°F. 

SECTION IV.-HISTOLOGICAL CHANGES IN THE GENITAL 
TRACT DURING THE ESTRUAL CYCLE AND 

EARLY AND LATE PREGNANCY. 
Review of Literature 

Histological procedures involving the removal of tissues at 
necropsy has placed limitations upon those working with the 
larger species, but the discovery of the vaginal smear method 
of studying cyclic changes in the guinea pig (Stockard and 
Papanicolaou-1917), and the application of the biopsy method 
to the human as a means of investigating reproductive processes 
(Dierks-1927; O'Leary-1929-1931; Bartelmez-1933; Davis and 
Hartman-1935; Rock and Bartlett-1937; and others) have open
ed new methods of approach. 

There is little agreement in the literature concerning the 
type of vaginal smear characteristic of various phases of the 
estrual cycle of the mare. Chernov (1933) reported large num
bers of leucocytes during estrus, whereas Kurosawa (1931) found 
few or none at that stage, and Wagner (1934) and Barulin and 
Burcenko (1935) reported that leucocytes might or might not 
be present during estrus. Voloskov (1936) stated that vaginal 
smears were not conclusive since fairly large numbers of leucocy
tes were always present. 
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The presence of ciliated epithelial cells in the vaginal 
smears of pregnant mares has been reported by Kurosawa (1931), 
Barulin and Burcenko (1935) and Luetin (1936) and is the basis 
of a pregnancy test. 

Considerable attention has been given to the cyclic changes 
of the genital tract of the sheep (Marshall-1903; Casida and 
McKenzie-1932; Grant-1934; Cole and Miller-1935; and Mc
Kenzie and Terrill-1937), the cow (Murphey-1923-1926; Ham
mond-1927; and Cole-1930), and the sow (Corner-1921; Mc
Kenzie-1926; and Wilson-1926), but little specific information 
is available concerning the microscopic anatomy of the mare. 

Seaborn (1925) studied the uterine mucosa of the mare and 
found that on the 1st day of estrus the superficial epithelial 
cells showed degeneration, that there was collagenous degener
ation of the stroma, and an increase in the number of leucocytes. 
On the 3rd day of heat there was an increase in the degener
ation of the stroma and a ,great increase in the number of lymph
ocytes. Two days following estrus there was a lessening of the 
proportion of stroma to glandular tissue, a decrease in the de
generation of the stroma and a reduction in the number of 
lymphocytes. Lymphocytes were further reduced in numbers 
and the surface epithelial and gland cells were more regular in 
form 8 days following heat. Fourteen days after estrus the uter
ine surface was covered with cuboidal cells containing a small 
amount of cytoplasm. The proportion of stroma was small and 
there was almost a total absence of lymphocytes. 

Although there was not complete agreement on all points, 
the findings of McKenzie on the sow (1926) and those of Mc
Kenzie and Terrill (19:37) on the ewe are fairly representative 
of those of other workers on farm animals. The stratified epith
elium of the vagina was found to reach its greatest height during 
estrus and postestrus and to decrease to its least thickness dur
ing the late luteal and early proestrual stages. Edema of the 
stroma and congestion of the stromal blood vessels were greatest 
during proestrus and estrus and leucocytes were most numer
ous during the luteal phase. The vascularity of the uterine 
mucosa was greatest during the estrual and postestrual stages. 
The height of the glandular epithelium was greatest during the 
postestrual and early luteal phases and there was increased 
growth and coiling of the glands at that time. Leucocytes were 
present in the stroma and epithelium at all stages but were 
most numerous in early estrus in the sow and at the beginning 
of the regression of the corpus luteum in the ewe. 

Materials and Methods 
Vaginal smears were obtained from the lateral wall of the 

anterior vagina 5-15 em. posterior to the cervix during various 
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phases of the estrual cycle and early and late pregnancy. The 
vaginal material, with its fluid and cellular components, was 
secured by drawing a wooden tongue depressor across the va
ginal mucosa and transferring the material obtained to a clean 
glass slide. The smears were allowed to dry and to fix in the · 
air and were subsequently prepared for study by several dif
ferent procedures. Some of the slides were stained in methylene 
blue, some in Wright's blood stain, some in Ziehl's carbol
fuchsin, some in genetian violet, and others in Ehrlich's acid 
hematoxylin. Large amounts of vaginal mucus were present in 
some smears and the slides were allowed to clear for 10 minutes 
in a 2.0% solution of chlorazene before being stained. 

Table 20.- ANIMALS FROM WHICH TISSUES WERE EXCISED FOR HISTOLOGICAL 
STUDY. 

Mare 

DRAFT 

Flora 

Ruby 

Dry 
or 

La ct. 

D 

L 

Molly L 

Mable L 

Amy L 

Cleojoan L 

Dolly 

Dot 

Della 

Dora 

Enid 

Folly 

Fay 

Farina 

Flo to 

L 

L 

L 

L 

L 

L 

L 

L 

L 

Number of 
Vaginal 

Biopsies 

8 

17 

11 

12 

9 

12 

11 

13 

12 

18 

Number of 
Uterine 

Biopsies 

9 

6 

6 

4 

11 

4 

4 

5 

6 

6 

3 

8 

Dry Number of 
Mare or Vaginal 

Lact. Biopsies 

DRAFT 

Fraulein L 14 

Helen 

Islet 

Inga 

Jolly 

Jenny 

Judy 

Josie 

LIGHT 

Trixie 

Canar!a 

Idlewild 

TOTAL 

26 Mares 

D 

D 

D 

D 

D 

D 

D 

D 

D 

D 

2 

2 

2 

11 

10 

12 

2 

9 

234 

Number of 
Uterine 
Biopsies 

9 

2 

2 

2 

12 

10 

13 

2 

10 

153 

Vaginal tissue was obtained by the biopsy method during 
various phases of the estrual cycle and early and late pregnancy. 
The tissue was excised from the lateral wall of the anterior 
vagina 5-15 em. posterior to the cervix by the use of the instru
ments shown in Figure 23. Samples of the uterine endometrium 
were obtained at various phases of the estrual cycle by the use 
of the same instruments, and an attempt was made to excise the 
tissue from the lateral wall of the uterus 15-20 em. from the 
external os of the cervix. All tissues were immediately fixed 
in Bouin's picro-formol solution and were subsequently de-
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1 

Fig. 23.-Biopsy punches. 1. Uterine specimen forceps. 2. Vaginal and 
uterine specimen forceps. 

hydrated in dioxan, imbedded in paraffin, sectioned at 8-10 
micra, and stained in Ehrlich's acid hematoxylin and eosin. 
Measurements of the various regions of the vaginal and uterine 
mucosae were made with an eye-piece micrometer at a mag
nification of 352x and each recording was the average of 10 
separate measurements. 

Results 
Vaginal Smears.-Cornified and nucleated epithelial cells 

and mono and polymorphonucleated leucocytes were usually 
present during all phases of the estrual cycle. There were, how
ever, marked differences among individual mares and between 
different cycles in the same mare in respect to the relative num
bers of the cells of each type which were present at any given 
period of the estrual cycle. The largest numbers of cells of all 
types were usually recovered during estrus and the least were 
found between the 5th-10th days of the interestrual period. In 
most mares estrus was not characterized by the preponderance of 
cells of a single type, and all combinations of the relative num
bers of leucocytes and epithelial cells were recorded. 

There was no leucocytic condition typical of any particular 
phase of the estrual cycle or early or late pregnancy. Smears 
made on one day of estrus often showed large numbers of 
leucocytes while those made on another day of heat contained 
few leucocytes, irrespective of the time of ovulation. There was 
not only considerable variation between various phases of the 
cycle of different mares but marked differences between cor
responding phases of the cycle of the same mare. The smears of 
some mares contained large numbers of leucocytes during one 
heat period and a nearly complete absence during a following 
estrual period. 
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When cornified epithelial cells alone were studied, no 
apparent relation between ovulation and the appearance of cor
nified cells could be detected. They were somet imes abundant 
during the first part of estrus, at other times were most numer
ous during the latter stages of heat , and in other cases were 
numerous during interestrus. Scattered cornified cells were 
recovered during both early and late pregnan cy but were 
seldom present in as large numbers as were leucocytes and 
nucleated epithelial cells. 

A study of nucleated epithelial cells alone revealed that 
this ce tl type was recovered during all phases of the estrual 
cycle and early and late pregnancy. In some cases nucleated 
epithelial cells were numerous during estrus, irrespective of the 
time of ovulation, and in other cases were numerous during 
in terestrus. 

When all three cell types w ere considered still greater 
variation was found. Although large numbers of all cell types 
were observed during estrus it was seldom that all three types 
were recovered on any one smear. When leucocytes were abun
dant, cornified and nucleated epithelial cells were usually scant; 
when large numbers of cornified or nucleated cells were pres
ent, leucocytcs were usually few in number. The vaginal smear 
was of little value in the diagnosis of estrus or the estimat ion of 
the probable time of ovulation in this particular group of mares. 
No one cell type, or combination of cells, was char acteristic of 
any one phase of the estrual cycle, and estrual smears w ere often 
very similar to those made during in terestrus. 

No attempt to d.iagnose pregnancy by means of the vaginal 
smear was made, but the mucus aggregates and the ciliated 
cells described by other workers were found to be present during 
early and late pregnancy. However , in at least some mares, 
the appearance of the so-called ciliat ed cells was sporadic and 
smears made at 5-7 day intervals during pregnancy w ere some
t imes very dissimilar. 

Changes in :the Vaginal Mucosa during :the Estrual Cycle 
and Early and Late Pregnancy.-The epithelium of the vaginal 
mucosa of the mare is of the stratified squamous type and was 
observed to undergo rhythmic changes during the estrual cycle. 
The maximal epithelial height w as usually recorded during 
estrus and ranged between 34.4-88.2 micra at that time. The 
minimal epithelial height was usually observed between the 5th-
15th days of the interestrual period and during early and late 
pregnancy. The non-estrual range of epithelial thickness was 
25.6-95.1 micra. The number of cell layers in the vaginal epi
thelium increased during estrus and ranged betw een 5-10 cell 
layers whereas the minimal number of cell layers was usually 
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observed between the 5th and 15th days of the interestrual 
period and during early and late pregnancy. The non-est rual 
range of number of cell layers was 4-9. 

The data do not permit a complete study of the relation of 
sexual behavior and epithelial height, but series of tissues ex
cised from mares exhibiting "split" and "physiological" estrus 
showed that epithelial thickness was not markedly altered in 
individuals showing these conditions. No age difference in the 
thickness of the vaginal epithelium was observed. 

For descriptive purposes th~ stratified squamous epithelium 
of the vaginal mucosa of the mare may be separated into three 
layers; a basal layer of germinal epithelium, a middle zone 
made up of a varying number of more or less irregular poly
hedral cells, and a superficial layer of flattened squamous cells. 
Shortly prior to and during estrus the basal layer became more 
prominent and there were evidences of increased activity. 
Mitotic figures, although observed at all stages of the estrual 
cycle, were most frequent during heat. The nuclei stained more 
deeply, became more crowded, tended to become elongate in 
shape, and were arranged with the long axis perpendicular to 
the basement membrane. The basal layer, usually composed of 
a single row of cells during the period of least activity-,-5th-10th 
days of the interestrual period-,was characterized by 2 or 3 
layers of cells with deeply staining, crowded nuclei during 
estrus-the most active period. The polyhedral cells of the mid
dle zone made up the bulk of the vaginal epithelium. These 
cells contained a relatively larger amount of cytoplasm than 
did those of the basal or superficial layers, had prominent oval 
nuclei, tended to reach their maximal size during estrus, and 
to be smallest between the 5th-10th days of the interestrual 
period. Distinct layers of flattened cornified cells were never 
prominent, although there was a tendency for more cornified 
cells to appear during estrus than at any other time. As was 
observed in a study of the vaginal smears, cornified cells were 
usually scarce and there was no comparison between the estrual 
smear of the rat and the mare. A study of the sections of the 
vaginal mucosae of the mare, presented in Figures 24-40 in
clusive, affords a rather clear explanation for this fact. 

During the first 40 days of pregnancy, as shown in F igures 
37-40, the condition of the vaginal epithelium was very similar 
to that observed during estrus. The germinal layer was usually 
prominent and composed of 2 or more rows of cells with deeply 
staining, elongate nuclei. The middle zone was made up of 
large polyhedral cells with prominent nuclei, and a few squamous 
cells were present in the superficial layer. There was some 
variation in the thickness of the vaginal epithelium during the 
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Fig. 24.-(x450) Cleojoan: Vaginal epi
thelium 45 days before foaling. Note 
the lack of prominence of the basal 
layer and the generally loose arrange
ment of the cells. 

Fig. 26.-(x450) Della: Vaginal epi
thelium 7 days before foaling. Note 
the further increase in epithelial 
height, the crowding of the cells in 
the basal layer, and the elongation of 
the nuclei. Observe the leucocytes 
subjacent to the epithelium. 

Fig. 25.-(x450) Della: Vaginal epi
thelium 14 days before foaling. Note 
the increase in epithelial height and 
the prominence and crowding of the 
basal layer. 
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Fig. 27.-(x450) Amy: Vaginal epi
thelium 3 clays after foaling. Note the 
presence of leucocytes. 

/ 

Fig. 29.-(x450) Amy: 3rd day of foal 
heat. Note the presence of leucocytes. 

... ·. 
- ·------·~-· -~~----'---'"--' 

Fig. 28.-rx450) Amy: lst day of foal 
heat. Observe the scarcity of leuco
cytes and the presence of a few cor
nified cells on the surface. 
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Fig. 30.-(x450) Amy: Vaginal epi
thelium 5 days after estrus. Note the. 
uresence of a few leucocytes, the size 
~f the epithelial cells, and the prom
inence of the nuclei. 

Fig. 32.-(x450l Amy: Vaginal epi
'. thelium 15 days after estrus. Note· 
the increased epithelial height and the 
lack of crowding in the basal layer. 

Fig. 31.-(x450l Amy: Vaginal epi
thelium 10 days after estrus. Note 
the decreased epithelial height and cell 
size and the lack of prominence of 
Lhe nuclei. 
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last 46 days of pregnancy. In some mares, the epithelium was 
of the same thickness as was usually recorded during estrus, and 
in others it was of less height. Although the data in late preg
nancy are limited, there seemed to be an increase in the activity 
of the vaginal epithelium during the last three weeks of gesta
tion, as shown in Figures 26-28. The germinal layer became more 
prominent during the 3-week period before foaling and was 
made up of 1 or 2 rows of cells with deeply staining, elongated 
nuclei. 

Leucocytes were usually present, although sometimes in 
verv small numbers, in nearly all of the tissues studied. There 
wa~ considerable variation between mares and between different 
areas of a tissue from a single mare; and, while one microscopic 
field was practically devoid of leucocytes, a second was often 
characterized by their dominance. Leucocytes appeared in 
greater numbers, and with more variability, in the stroma than 
in the epithelium, but were numerous in the epithelium in 
some cases. During the estrual cycle leucocytes were most fre
quent, both in the stroma and in the epithelium during estrus, 
and were least numerous between the 5th-10th days of the 
interestrual period. There were exceptions, how~ver, and in 
individual cases more leucocytes were present during interestrus 
than during heat. As was observed in a st11dy of the vaginal 
smears, leucocytes were often numerous on one day of estrus 
and less abundant on a second day, with no apparent relation 
to ovulation. The variation in the tissues, however, was not as 
marked as in the smears. Shortly following parturition and in 
the interval preceding foal heat leucocytes were usually present 
in large numbers. During early and late pregnancy leucocytes 
appeared in variable numbers. They were very scant in some 
sections and numerous in others, as shown in Figures 37-40 and 
25-26. 

The prominence and congestion of the stromal blood ves
sels were observed to undergo rhythmic changes during the 
estrual cycle. The blood vessels were most congested during 
estrus and least congested at about the lOth day of the inter
estrual period. Blood vessels were not prominent during the 
first or last 7 weeks of pregnancy and were usually comparable 
to those of the interestrual period. 

Changes in the Uterine Mucosa following Parturitio·n and 
during the Estrual Cycle.-In a species in which estrus closely 
follows parturition, as the horse, the involution of the uterus 
proceeds at a rapid rate, but the endometrium had seldom com
pletely involuted by the onset of foal heat. Of 9 mares in which 
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Fig. 33.-(x4501 Jenny: Va
ginal epithelium, "physiolog
ical" estrus, follicle present. 
Note the crowding of the 
basal layer and the elonga
tion of the nuclei. 

Fig. 35.-(x450) Jenny: Va
ginal epithelium 5 days after 
detection of a corpus luteum. 
Note the decrease in epi
thelial height and the absence 
of leucocytes. 

Fig. 34.-(x450) Jenny: Va
ginal epithelium, fresh cor
pus luteum present. Observe 
the increase in epithelial 
height and the crowding of 
the basal layer. Few leuco
cytes are present. 

Fig. 36.-(x450) Jenny: Va
ginal epithelium ·10 days after 
the detection of a corpus 
luteum. Note the absence of 
leucocytes and the slight ~n
crease in the height of the 
epithelium. 
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37.-(x450) Floto: 
ginal epithelium 20th day of 
pregn an cy. Note the thick
ness of the epithelium, the 
slight crowding in the basal 
layer, and the absence of 
leucocytes. 

Fig. 39.- (x450) Floto: Va
ginal epithelium 30th day of 
pregnancy. Observe the pres
ence of leucocytes, the de- . 
crease in epithelial height, 
and the lack of crowding in 
basal layer. 

Floto: Va
ginal epith elium 26th day of 
pregnancy. Note the height 
of the epithelium, the crowd
ing in the basal layer, an d 
th e tendency for the elonga
tion of the nuclei. 

F ig. 40.-(x450) Floto: Va
ginal epithelium 40th day of 
pregnancy. Note th e scar city 
of }eucocytes, and the elon
gate nuclei in the basal lay er . 

87 
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estrus began on or sooner than the lOth day after foaling the 
endometrium of only one, Enid, was fully comparable to that 
of a farrow mare on the 1st day of estrus. In some cases the 
mucosa appeared to be completely restored to the farrow con
dition by the 3rd or 5th day of estrus, and in others involution 
seemed to continue until about the 5th day of the interestrual 
period. In the case of 6 mares in which the first heat following 
parturition was initiated between the 20th-29th days after foal
ing the endometrium had apparently been fully restored to the 
farrow condition between the 13th-25th days after the birth of 
the foal. 

For descriptive purposes the endometrium of the postpartum 
mare may be said to consist of three regions: the surface epi
thelium; a region of highly proliferated and somewhat diffusely 
arranged glandular epithelium; apd the stroma proper, made up 
chiefly of connective tissue and the uterine glands. During 
involution the surface epithelium passed through a period of 
degeneration and subsequent restorat ion and the sub-epithelial 
region of diffuse glandular cells underwent marked disinte
gration and eventually disappea:J;ed. The newly proliferated 
surface epithelium rested upon the stroma proper, and the 
endometrium characteristic of the farrow mare was reestablished. 

A section excised from Molly on the 1st day after foaling, 
Figures 41 and 42, showed an endometrium with a surface nearly 
completely covered with epithelium ranging from cuboidal to 
tall columnar in height and with prominent oval nuclei in a 
basal position. Immediately subjacent to the surface epithelium 
was a prominent region of highly proliferated glandular epi
thelium made up of broad cuboidal and low columnar cells. 
There were evidences of vacuolar degeneration of some of the 
glandular cells and leucocytes were present in large numbers. 
The uterine glands of the stroma proper were composed of tall 
columnar cells with crowded darkly staining nuclei. In a tissue 
taken from Flora on the 2nd day after foaling, Figures 43 and 
44, the surface was nearly completely covered with epithelial 
cells ranging from cuboidal to tall columnar, but there were 
many areas of highly degenerated epithelium and leucocytes 
were very numerous. The region of proliferated glandular epi
thelium was prominent; the cells were mostly of the cuboidal 
type and many were in the process of degeneration. The uterine 
glands of the stroma proper were made up of columnar cells 
with large prominent nuclei, although there were evidences of 
degeneration in some cells. On the 3rd day following parturition 
a biopsy from Amy showed a surface nearly completely covered 
with tall and short columnar cells with prominent oval nuclei 
-Figures 45 and 46. The sub-epithelial region was prominent 



ResEARCH BuLLETIN 329 

Figures 41 lx450) and 42.-(x94) Molly: Endometrium 1 
day after foaling. Note the surface cuboidal cells, the 
depth of the proliferated area, and the scarcity of leuco
cytes. 

Figures 43 (x450) and 44.-(x94) Flora: Endometrium 2 
days after foaling. Note the short surface columnar cells, 
the abundance of leucocytes. and the depth of the pro
liferated area. 

89 
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Figures 45 (x450l and 46.-(x94l Amy: Endometrium 3 
days after foaling. Note the height of the surface epi
thelial cells, the large number of leucocytes, and the dis
organized appearance of the area subjacent to the surface. 

Figures 47 (x450l and 48.-(x94l Dora: Endometrium 4 days 
after foaling. Note the decrease in the number of leuco
cytes and the lessened amount of degenerating area. 
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and the glandular cells were made up of both cuboidal and 
columnar cells in some areas. Leucocytes were prominent. The 
uterine glands of the deeper stroma were composed of tall 
columnar cells with dark, basal nuclei and a sprinkling of de
generating cells. The surface was nearly completeiy covered 
with tall columnar cells with prominent oval and elongate 
nuclei on the 4th day after parturition-Dora, Figures 47 and 
48. The area of proliferated glandular epithelial cells was prom
inent in some regions and nearly absent in others. The epithelial 
cells were less prominent and connective tissue and leucocytes 
made up the bulk of the area. The stroma contained prominent 
glands with tall columnar cells and dark, crowded, oval nuclei. 

Involution had not been completed before the onset of 
estrus in Molly, and on the 1st day of heat, Figures 49 and 50, 
only a very small section of surface epithelium was present, 
and there was a highly degenerate area immediately subjacent 
to the surface. Very few surface epithelial cells were present 
on the 3rd day of heat-Figure 51-and these were partially 
degenerate. The area formerly made up of glandular epithelium 
had nearly disappeared and was made up of connective tissue 
and leucocytes. On the 5th day of estrus, Figures 52 and 53, the 
surface was nearly completely covered with tall columnar cells 
which were pseudostratified in some areas. The region of de
generating epithelial cells had completely disappeared although 
large numbers of leucocytes were present in the stroma. The 
uterine glands were made up of tall columnar cells with large, 
dark, elongate nuclei in the basal position. 

There was a decrease in the height of the surface epithelium 
and of the diameter of the uterine glands following parturition. 
The average height of the surface epithelium was 24.9 micra and 
the average diameter of the uterine glands was 56.3 micra 2 days 
after foaling whereas the average measurements of correspond
ing areas were 20.7 and 46.6 micra, respectively, on the first day 
of estrus. 

During the estrual cycle the height of the surface epithelial 
cells was usually greatest during the latter stages of heat and 
the first 5-8 days of the interestrual period. The epithelium was 
usually of the simple columnar type on the 1st day of estrus, 
although areas of pseudostratified epithelium were observed in 
some tissues. Prior to the cessation of heat there was an in
crease in pseudostratification and large, deeply staining . oval 
and elongate nuclei were located at various levels. Evidences of 
nuclear degeneration were often observed during early estrus, 
but these had usually disappeared before the end of heat. The 
surface of the endometrium was covered with tall, pseudo
stratified columnar epithelial cells during the first 5-8 days of 
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Figures 49 (x450) and 50.-(x94) Molly: Endometrium 1st 
day of foal heat. Note the large numbers of leucocytes, 
the height of the surface epithelial cells, and the tendency 
for 'the surface epithelium to break away from the de
generating area beneath it. 

Fig. 5l.(x450) Molly: Endo
metrium 3rd day of foal heat. 
Observe the degenerate areas 
of the surface epithelium and 
the number of leucocytes. 
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Figu res 52 (x450) and 53.-(x94) Molly: Endometrium 5th 
day of foal heat. Note the increased height of the surface 
epithelial cells, the number of leucocytes, and the reor
ganization of the sub-epithelial area. 
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the interestrual period, but by the lOth day the simple columnar 
condition had usually been resumed. The cells were of less 
height than had previously been observed and the nuclei were 
usually elongate and often showed the evidences of nuclear de
generation. Tissues excised shortly before the onset of estrus 
-the 15th day of interestrual period-were sometimes similar 
to those taken on the lOth day of interestrus and other times 
characteristic of the 1st day of heat. 

The glandular epithelium underwent minor changes during 
the estrual cycle. Maximal activity was manifest during late 
estrus and the first 5-8 days of interestrus, and the least activity 
was usually observed during the 6-7 day interval prior to the 
onset of heat. The cells increased in height during estrus and 
reached a maximum about 5 days after the cessation of estrus. 
The nuclei were usually large, oval in shape, and located at the 
base of the cells during early estrus. 

As heat progressed, the nuclei became more crowded, tended 
to elongate, and there was a slight increase in the amount of 
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Fig. 54.-(x450) Josie: Endometrium 1st 
day of estrus. Note the scarcity of, 
leucocytes, the position of the nuclei, 
and the height · of the surface epi
thelial cells. 

Fig. 56.-(x450) Josie: Endometrium 5th 
day of estrus. Observe the height of 
the epithelial cells, the presence of 
leucocytes, and a portion of a duct 
opening on .the surface. 

Fig. 55.-(x450) Josie: Endometrium 3rd 
day of estrus. Note the increased ' 

· h eight of the surface cells and the 
oval nuclei. 
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cytoplasm. Tissues removed 5 days following the termination 
of estrus were usually characterized by prominent uterine glands 
made up of tall columnar epithelial cells with crowded, darkly 
staining elongate nuclei. There were differences in glandular 
activity, however, and the changes were more marked in some 
mares than in others. Photomicrographs of the tissues of Molly 
and Josie, Figures 49-59, illustrate the endometrial changes 
during the estrual cycle. 

Leucocytes were usually present in both the surface epi
thelium and the stroma at all phases of the estrual cycle, although 
there were marked differences between various stages of the 
cycle and between mares. The involutionary period of the 
endometrium which was initiated shortly after parturition and 
continued during foal heat was characterized by the presence 
of large numbers of leucocytes. During the estrual cycle leuco
cytes were usually most numerous during estrus and least num
erous at about the lOth day of the interestrual period. 

Congestion of the stromal blood vessels was usually greatest 
immediately after parturition and the vessels continued to be 
prominent through foal heat. During the estrual cycle con
gestion was most marked at the time of estrus and least notice
able at about the lOth day of the interestrual period. 

The height of the surface epithelium of the uterus did not 
change markedly during the estrual cycle. The average height 
was greatest between the 3rd day of estrus and the 8th day of 
interestrus, and an average value of 23.3 micra was recorded 
on the 5th day of heat. The minimal height was usually ob
served just prior to the onset of estrus and averaged 20.0 micra 
on the 15th day of interestrus. 

Changes in the diameter of the uterine glands were of 
much the same character as those observed in the surface epi
thelium. The greatest diameter was usually recorded between 
the 3rd day of estrus and the 5th day of interestrus and minimal 
diameters were usually observed during the 6-7 day interval 
prior to the onset of heat. The average diameter was 50.4 micra 
on the 5th day of interestrus and 40.6 micra on the 15th day of 
interestrus. 

The relation between sexual behavior and the changes in 
the endometrium were not marked. A comparison of the tissues 
obtained from mares during "split" and "physiological" estrus 
with those obtained from normal mares revealed no clear-cut 
difference. There was no observable difference in the endometria 
of mares of various ages. 



96 MISSOURI AGRICULTURAL ExPERIMENT STATION 

Fig. 57.-(x450) Josie: Endometrium 7th 
day of estrus. Note the height of the 
surface epithelium and the scarcity of 
leucocytes. 

Fig. 59.-(x450) Josie: Endometrium 10 
days after estrus. Observe the de
creased height of the surface epi
thelium, and the presence of leuco
cytes. 
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Fig. 58.-(x450) Josie: Endometrium 4 
days after estrus. Note the increased 
height of the surface epithelium, the 
size and crowded condition of the 
nuclei, the lack of leucocytes, and the 
prominence of the glandular epi
thelium. 
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Discussion 
The value of the vaginal smear in the diagnosis of estrus 

has met with varied success in the hands of different investigators 
and different species. Even in the guinea pig (Young-1937) 
the method was not completely satisfactory for determining the 
time of heat. Studies on the vaginal smear picture of the mare 
have been highly contradictory. Kurosawa (1931) found few or 
no leucocytes during estrus, whereas Chernov (1933) reported 
large numbers of leucocytes at the time of heat. Wagner (1934), 
Barulin and Burcenko (1935), aiJ.d Mirskaya and Salzman (1935) 
observed that leucocytes were present in large numbers during 
estrus in some mares and absent in others, while Voloskov 
(1936) concluded that vaginal smears were not conclusive, since 
fairly large numbers of leucocytes were always present. The 
findings of this study are in agreement with those of the previous 
workers in that leucocytes were present in large numbers at 
all phases of the estrual cycle of individual mares and that 
their presence or absence might or might not coincide with 
estrus. 

The cyclic changes of the vaginal mucosa were similar to 
those described by McKenzie and Terrill (1937) for the ewe. 
The vaginal epithelium reached its maximal height during 
estrus and the minimal thickness was usually observed at about 
the lOth day of the interestrual period. The germinal laser 
was most active during estrus and the increased thickness of 
the epithelium was due to an additional number of cell layers 
and an jncrease in cellular size. Cornification of the superficial 
layers of the epithelium was not as marked as in the case of the 
ewe and affords an explanation for the relative scarcity of corni
fied cells in the vaginal smears. Leucocytes were most numerous 
about 8 days after the cessation of heat in the ewe but were 
usually present in greatest numbers during estrus in the mare. 
Cole (1930) found that the most clearcut changes in the vaginal 
mucosa of the cow occurred 6-10 em. and 1-2 em. from the 
cervix. He observed that 1-10 em. from the cervix the super
ficial epithelium was made up of large mucus-secreting cells 
resting on 2-3 layers of polyhedral-shaped cells during proestrus 
and that during heat the epithelium was reduced to a single 
layer of very tall columnar mucous cells in many areas. The 
epithelium of the mare, 5-15 em. from the cervix was very 
unlike that described by Cole in the cow at that level, but was 
somewhat similar to the condition which he found in the pos
terior vagina 2-4 em. anterior to the external urethral orifice. 

The relationship between the activity of the vaginal epi
thelium and sexual behavior was not clear-cut. The estrual 
response and the proliferation of the vaginal epithelium can be 
experimentally produced by the administration of estrogenic 
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hormones in most species and one would expect the maximal 
epithelial height to be associated with estrus. In most cases 
this was true in the mare and although the epithelium was 
sometimes of greater thickness during non-estrus, the average 
measurements showed the maximal height to coincide with heat. 
There was no definite correlation between "split" or "physio
logical" estrus and epithelial activity. 

During the first 40 days of pregnancy the vaginal epithelium 
was very similar to that observed during estrus and was com
parable to the findings of Davis and Hartman (1935) that the 
epithelium of the rhesus monkey during the first half of preg
nancy was similar to that found at the time of ovulation. These 
workers reported that desquamation of the epithelium went on 
at an increased rate after mid-pregnancy in the monkey and 
that the epithelium was very thin at term. This phenomenon 
was not observed in the mare and sections removed from 1-46 
days before parturition revealed an epithelium comparable to 
the estrual condition in some cases. 

Changes in the endometrium during the estrual cycle were 
similar to those which Seaborn (1925) described in the mare 
although they were not in strict agreement. He observed, as 
did the authors, that the superficial epithelial cells sometimes 
showed evidence of degeneration on the 1st day of estrus and 
that leucocytes were present in large numbers during heat. He 
described the epithelial cells as cuboidal on the 14th day after 
the cessation of estrus, in contrast to the findings in this group 
of mares that the epithelium was always of the columnar type 
although the cells were slightly taller during late estrus and the 
early part of the interestrual period. The cyclic changes of the 
endometrium of the mare were similar to those described by 
McKenzie and Terrill (1937) in the ewe. The increased height 
of the surface and glandular epithelia during late estrus and 
the first 5-8 days of the interestrual period coincide with the 
development of the follicle and corpus luteum respectively and 
one would expect to · observe the maximal activity first under 
the influence of the estrogens and subsequently under the in
fluence of progesterone. 

Although foal heat is often regarded as the most fertile 
period by some horsemen, experimental work does not tend 
to bear this out, and the percentage of pregnancies secured by 
service at this time ranges from 36.5% (Caslick-1937) to 56.7% 
(Wagner-1935). Involution does proceed rapidly, but the fact 
that in 8 out of 9 mares the surface of the uterine mucosa was 
not completely covered by epithelium on the 1st day · of foal 
heat, and that the sub-epithelial area of degenerating glandular 
epithelium was highly disorganized and contained large numbers 
of leucocytes would indicate that the uterus was not in a per
fectly favorable state for sperm tran.sport and viability. 
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SECTION V.-THE RELATION OF THE PSYCHOLOGICAL 
AND PHYSIOLOGICAL PHENOMENA OF THE 

ESTRUAL CYCLE AND BREEDING 
RESULTS 

Although the problem of fertility must be regarded from 
its relative rather than its absolute aspects, certain relationships 
can be drawn between psychological and physiological phenom
ena and breeding results. The results which were obtained when 
mares of certain arbitrary types were mated will be presented 
in this section. 

Review of Literature 
Foal heat has been regarded by many horse breeders as 

the most fertile period. Satoh and Hoshi (1932) reported that 
48.8% of the mares bred at that time conceived, whereas 66.7% 
became pregnant at the second estrus. Wagner (1935) found 
that of 67 mares, 56.7% conceived during foal heat, 16.5% set
tled during the 2nd or 3rd period, and 13.57o failed to become 
pregnant during that breeding year. Caslick (1937) observed 
that of 553 mares mated from the 9th-21st day after foaling 
36.53% conceived and that of 130 mares not bred within 20 days 
of parturition 58.46% became pregnant on the 1st breeding. 

Lipping (1933) secured 13.4% fertilization at the 1st mating 
during the season while in the middle of the season 38% of 
the mares bred became pregnant. Caslick (1937) found that · of 
683 mares 40.85% conceived on the 1st breeding and when 
matings were made during one or more periods 77.89% became 
pregnant. Although 82.4'1a of 233 barren mares and 87.67% of 
73 maiden mares became pregnant when served in more than 
one period only 35.19% of the barren females and 27.39% of 
the maiden mares conceived on the 1st breeding (Caslick). 
Voloskov (1937) reported that 70.4% of the maiden mares bred 
became pregnant and that 67.4% of other mares with foals and 
78.6% of those which were barren but had foaled during the 
previous year conceived. 

Constantinescu and Mauch (1936) studied the influence of 
various breeding systems on fertilization. Of those animals 
given one service per period 40% became pregnant and those 
bred 2, 3, and 4 times per period conceived in 52%. 48%, and 
44% of the cases respectively. The highest percentage of preg
nancies followed service on the 4th day of estrus during the 1st 
and 2nd cycles. 

The relation between the time of ovulation and insemina
tion is of vital importance in horse breeding operations. Zivot
kov, Goncarenko, and Krivescekov (1936) found that 80.5% of 
those mares bred 4-48 hours before ovulation became pregnant. 
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Two of 3 mares bred at the moment of ovulation conceived 
while 9 females mated 2-6 hours following ovulation remained 
barren. Mirskaya and Petropavlovsky (1937) were able to bring 
about ovulation 30-48 hours following the injection of prolan 
on the 1st day of heat. Service, ranging from 55 hours prior to 
and 2 hours following ovulation, resulted in pregnancy in 76.4% 
of the cases. Mirskaya and Kedrov (1938) compared the results 
of artificial insemination in mares which ovulated naturally and 
those in which ovulation was induced by prolan. Pregnancy 
occurred in 59.63 % of the prolanized mares and was 6% greater 
than in the naturally ovulating females. 

Materials and Methods 
The study of estrus and ovulation in the mare was under

taken with the hope that it might yield at least a partial under
standing of the fundamental processes involved and that the 
information gathered might be of value in increasing the breed
ing efficiency of the horse. With these objectives in mind the 
breeding operations were designed to induce conception in the 
greatest possible number of cases. To facilitate this end, the 
mares, with some exceptional cases, were either naturally or 
artificially inseminated at 24-hour intervals, beginning on the 
2nd or 3rd day of estrus and continuing until after ovulation 
had occ lrred. 

Before either natural or artificial insemination the mares 
were hobbled and prepared in a manner similar to that described 
prior to a vaginal examination. All mares were teased im
mediately prior to service. Semen collections were made regu
larly in one stall in the stable. 

Semen was recovered for artificial ~insemination by two 
methods. In 1937 the semen was aspirated from the vagina or 
cervix of a mare following natural service and in 1938 this 
method was t>Upplemented by the use of the breeder's bag-see 
Figure 60. When natural cover was performed the rubber tubing 
of the collecting apparatus was taken into the vagina between 
the thumb and forefinger and the vaginal floor explored. If 
semen was not present in the vagina, the tube was carried into 
the cervix and the fluid aspirated into a clean dry bottle. The 
cervix was sometimes tightly contracted immediately following 
service but a small amount of digital manipulation usually 
permitted entry and the recovery of semen. The breeder's bag 
proved very satisfactory after a short period of use. The stallions 
were trained to stop in a particular region of the stable and to 
allow the bag to be placed over the glans penis. This operation 
did not seem to have any particular effect on sex desire but 
assistance in making an entry was usually required. After 
ejaculation the bag was removed when the stallion dismounted 
and the semen transferred to a clean dry bottle. 
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Prior to the collection of the semen all mares which were 
to be artificially inseminated were prepared in the same man
ner as those which were bred. Immediately following the re
covery of the ejaculate the semen was poured into 10 or 20 cc. 
gelatin capsules and insemination accomplished by placing the 
capsule 2-3 inches within the cervix. No attempt was made to 
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Fig. 60.-Equipment for collecting and inseminating semen. 1. Equipment 
for aspirating semen. 2. Breeder's bags. 3. Gelatin capsules for 
insemination. 

keep the temperature of the semen constant, although it was 
held close to the body to prevent radical change, for when 4-5 
mares were artificially bred the interval from collection to 
insemination of the last mare was usually from 5-10 minutes. 

Semen smears of all ejaculates were made; motility was 
observed in the fresh material; and a hydrogen-ion determina
tion of the semen was made immediately following the insem
ination of the last mare. 
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Results 

Of the 80 draft and light mares included in this study 75 
were bred during either or both 1937 and 1938. When each 
animal was considered as a separate individual during both 
1937 and 1938, 110 mares were either naturally or artificially 
inseminated during the breeding season of those years. 

An investigation of fertility in the stallion was not included 
in the scope of this work, and semen examinations were made 
as a routine procedure in order that gross abnormalities might 
be detected. The estrual periods of many mares coincided or 
overlapped to such an extent that by the use of artificial in
semination each ejaculate was usually distributed among several 
mares. Thus. it was found that some mares which failed to 
conceive had often been inseminated with a portion of the same 
semen which resulted in pregnancy in other mares. This fact 
(although no guarantee that all mares were inseminated with 
semen potentially capable of resulting in conception in all 
cases) and the percentage of pregnancies secured are indications 
that the stallions were producing spermatozoa of a fairly high 
quality. · 

The Effect of Lac:l:a:l:ion on Fer:l:ili:ty.-A comparison of the 
dry and lactating draft and light mares must be interpreted 
with certain reservations. In the dry group were mares which 
had not foaled for several years and, although the failure to 
conceive had not been investigated prior to this study, it would 
seem logical to assume that mares which had foaled regularly 
and those which were suckling foals at the time of the investi
gations were of a higher level of fertility than those which had 
not conceived for several seasons. From the data presented in 
Table 21 it can be seen that there was little difference in the 
percentage of pregnancies of all lactating and all dry mares-
71.1 % and 68.9% respectively. There were however, differences 
in the number of breeding cycles, the average number of serv
ices, and the average ejaculates (average of all natural services). 
The dry mares required a longer period of time and more 
services per mare before conception occurred. The average ejacu
lates per pregnancy of the various groups is not strictly com
parable for, when semen was to be collected from the female 
reproductive tract, mares in foal heat were avoided whenever 
possible and more collections were deliberately made from the 
dry mares. Within the draft and light mares there was a 
reversal of results: slightly more dry than lactating draft mares 
conceived, while in the light mares 81.4% of the lactating ani
mals became pregnant in contrast to 69.51d of the dry females. 
In all groups, however, more services per pregnancy were re
quired in the dry mares. 



T~ble 21.- BREEDING RESULTS IN DRY AND LACTATING DRAFT AND LIGHT MARES 

Total Stallions Breeding Number J?er cent Number of Services AverageX Averagexx 
Type of Mare Mares Used Cycles Pregnant Pregnant Services Ejaculates 

Bred Natural Artificial Total per per 
Pregnancy Pregnancy 

Lactating Draft 25 3 33 15 60.0 34 77 111 7,4 2.3 

Dry Draft 35 3 53 23 65.7 67 112 179 7.8 2.9 !A:! 
t.<l 

60 3 86 38 63.3 101 189 290 7,6 en All Draft 2.6 !=) 

:.-
?;! 
0 

Lactating Light 27 2 31 22 81.4 37 71 108 4.9 1.7 l:I1 

tc 
Dry Light 23 2 32 16 69.5 39 97 136 8,5 2.4 s 

}-< 
All Light 50 2 63 38 76 .0 76 168 244 6.4 2.0 pt 

'"" z 
All Lactating 52 4 64 37 71.1 71 148 219 5.9 1.9 v -' 

N 
'-0 

All Dry 58 4 85 39 68.9 106 209 315 8,1 2,7 

All Mares 110 4 149 76 69.0 177 357 534 7.0 2.3 

XAverage Services - average of all services, natural and artificial. 

xx Average Ejaculates - average of all natural services. 
...... 
0 
w 
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Breeding Results during :the Firs:!: Es:trus af:ter Foaling.
The common belief that foal heat is the period of the highest fer
tility in the mare has not been borne out in this, or in preceding 
investigations. Of the 110 mares bred during 1937 and 1938, 
76 became pregnant (69.0%) and within the draft and light 
animals 63.3% and 76.0% respectively conceived following one 
or more services. When the data of Table 22 are compared with 

Table 22. - BREEDING RESULTS DURING THE FffiST ESTRUS AFTER FOALING IN DRAFT AND LIGHT 
MARES. 

Total Number Number Number Per cent Number of Services Average Average 
Stallions Breeding Mares Mares Mares Services per Ejaculates pex 

Bred Used Cycles Pregnant Pregnant Natural Artificial Total Pregnancy Pregnancy 

18 18 44.4 18 44 62 7.7 

62.5 11 16 27 5.4 

26 4 26 13 50.0 . 29 60 89 6.8 

the findings for the entire group it is evident that the results 
were decidedly inferior during foal heat. Of the draft mares 
44.4% became pregnant as a result of service during the first 
estrual period after parturition in contrast to 63.3% for all 
draft animals and, while 76.0% of all light mares bred con
ceived, only 62.5% of them settled during the first estrus after 
foaling. As was the percentage of pregnant light mares greater 
than that of the heavy females, so were the results during foal 
heat more satisfactory in the grade Thoroughbreds. The aver
age services and ejaculates per pregnancy for all mares bred 
during foal heat were practically identical with those required 
for the entire group of mares, as summarized in Table 21. 

Breeding Results during :the First Breeding Season.-Young 
mares entering the breeding herd for the first time were studied 
in relationship to the entire group and the results are presented 
in Table 23. Of 19 mares of this type 8 (42.1 %) became pregnant 

15 

4 

19 

Table 23.- BREEDING RESULTS IN DRAFT AND LIGHT MARES DURING THEm FmST BREEDING 
SEASON. 

26 

4 32 

46.6 

25.0 

42.1 

22 

4 

26 

68 

23 

91 

90 

27 

117 

12.8 

27.0 

14.6 

after an average number of 14.6 services. When contrasted with 
a pregnancy percentage of 69.0% for all mares following an 
average of 7.0 services, there was, in this particular study, more 
difficulty experienced with maiden mares than any other group. 

2.2 

2. 2 

2.2 

3.1 

4.0 

3.2 
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A greater number of draft than light mares conceived during 
their first breeding season, but the limited numbers detract 
from the significance of the results. 

The Effect of "Split" Estrus on Fertility.-"Split" estrus 
is characterized in the mare by an initial heat period of one or 
more days followed by a non-receptive period usually of 1-2 
days duration and a subsequent return of estrus for one or more 
days. This phenomenon appeared in 28 cases, as discussed in 
Section I. and 9 mares exhibited it during the time they were 
being bred. Of these 9 mares 7 (77.8%) conceived. It would 
seem that "split" estrus, in itself, had no deleterious effect on 
fertility when frequent inseminations were made for a higher 
percentage of mares of that type conceived than did the entire 
group of mares studied. Only 2 light mares exhibited the phe
nomenon during the breeding season and both became pregnant, 
Table 24. 

Table 24. - BREEDING RESULTS IN DRAFT AND LIGHT MARES EXHIBITING "SPLIT" ESTRUS. 

Draft 71.4 14 18 32 6.4 

Light 100.0 13 6.5 

All 4 77.8 - 18 27 45 6.4 

The Effect of "Physiological" Estrus on Fertility.-Although 
draft mares experienced "physiological" estrus dur ing the in
vestigation none evidenced this phenomenon during the breed
ing season. Of the light mares 8 failed to show willingness to 
accept the stallion during the time they were being inseminated 
and the results are summarized in Table 25. Five of the 8 

Table 25.- BREEDING RESULTS IN DRAFT AND LIGHT MARES EXHIBITING " PHYSIOLOGICAL" ESTRUS 

Draft None 

Light 

All 

2 

2 

10 

10 

62.5 

62.5 

51 

51 

51 

51 

10, 2 

10. 2 

(62.5%) conceived following an average of 10.2 inseminations 
per pregnancy. The percentage of pregnancies is distinctly 
lower than the average (76%) for all light mares, and, as would 
be expected, the number of inseminat ions per pregnancy was 
greater. However, under natural conditions, it is unlikely that 
any of these mares showing "physiological" estrus would have 
conceived and it is further evidence that at least a portion of 
the animals exhibiting this phenomenon were physiologically 
capable of reproduction, although not so inclined psychologically. 
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The Effect of Post-Estrual Ovu~ation on Fertility.-The re
lationships of estrus and ovulation were discussed in Sections 
I and II, and in 50 instances, corpora lutea were not detected 
until after the cessation of estrus. Since palpations were made 
at 24-hour intervals, and in order to avoid the possibility that 
ovulation might have occurred during the latter stages of heat, 
only those mares were selected in which corpora were not 
palpated until the 2nd day following the end of heat for the 
study of the effect of post-estrual ovulation on fertility. In 9 
cases rupture took place from 2-5 days after the mares refused to 
accept the male and of these, 4 were detected during the breed
ing season. The data, as presented in Table 26, show that 3 mares 

Table 26.- BREEDING RESULTS IN DRAFT AND LIGHT MARES OVULATING POST-ESTRUALLY. 

.3 100.0 12 15 5.0 

4 4 75.0 17 20 6. 7 

(75.0 /{ ) became pregnant following an average of 6.7 services 
per pregnancy. Under stud farm conditions the termination of 
estrus is an indication to the breeder that service is no longer 
required and, although the number of mares ovulating post
estrually is undoubtedly small. it is likely that some animals 
fail to conceive because of the lack of semen at the critical time. 

The Artificial Rupture of Follicles and Subsequent Fertility. 
-Follicular fluid was withdrawn from 10 follicles in 9 mares 
in order that certain psychological and physiological relation
ships might be studied, and the findings have been presented in 
detail in Section II. The effect of this procedure on subsequent 
fertility cannot be determined by a simple comparison of the 
percentage of pregnancies occurring in operated and non-oper
ated mares. The case history of each mare was different both 
preceding and following the rupture of the follicle and the 
anatomical and physiological conditions of the genitalia of the 
various mares were not strictly comparable. The operation did 
not prevent subsequent ovulation, for all mares, with the ex
ception of Floto which was pregnant, came in estrus, developed 
follicles within the normal size range, and ovulated in a seem
ingly normal manner. Two of the mares conceived and 4 failed 
to become pregnant. The breeding methods and results are 
presented in Table 27. · 

1.0 

1.0 
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Table 27.- THE ARTIFICIAL RUPTURE OF FOLLICLES AND SUBSEQUENT FERTILITY. 

Age of Behavior of Estrus followed 
Mare Follicle Mare when Rupture in Number of Services Ruptured Ruptured (days) 

(days> Natural Artificial Total Result 

Helen 2 Estrus 15 4 6 

Islet 4 Estrus 15 5 + 
Flo to 4 - 5 Non-Estrus Pregnant when ruptured, pregnancy not terminated. 
Folly 4 - 5 Non-Estrus 9 

Inga 12 Non-Estrus 6 

Idlewild 35 Estrus 16 4 4 + 
Trixie Estrus Irregular 

Left ovary 24+ see Fig. 14 
Right ovary 3 Section II 

Discussion 
Although the reproductive capacity of the stallion and the 

investigation of the optimum methods of collecting and insem
inating semen have not been included within the scope of this 
work, the breeding methods employed were those which, in the 
opinion of the investigators, would provide the greatest oppor
tunity for conception to occur. 

In the light of the findings of Zivotkov, Goncarenko, and 
Krivoscekov (1936) that 80.5% of the mares bred 4-48 hours 
before ovulation conceived while 9 females mated 2-6 hours 
following ovulation remained barren, the work of Constan
tinescu and Mauch (1936) in increasing the number of preg
nancies by allowing more than one service per estrual period, 
it was decided that all mares at Miles City would be either 
naturally or artificially inseminated at 24-hour intervals from 
the 2nd-3rd days of estrus until after ovulation had occurred. 
The use of artificial insemination is imperative if such methods 
are to be used for the stallions would have been sexually ex
hausted had all inseminations been the result of natural service. 
Although the services given the 31 mares which failed t o con
ceive must be considered as non-productive energy, when the 
total services given the 110 mares bred were distributed among 
the 76 pregnancies which occurred, 7.0 inseminations were re
quired per pregnancy. However, 4.7 of them were artificial and 
only 2.3 actual ejaculates per conception were made. 

There was considerable individual variation in the number 
of services per pregnancy. Some mares settled during the first 
estrual period in which they were mated, others conceived 
during the second, and still others failed to become pregnant 
although bred during three successive heat periods. In some 
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instances the reasons for the failure. of conception were evident 
and in others obscure. Three of the draft mares, Topsy, Amy, 
and Cleojoan, had not ovulated when breeding operations were 
discontinued and unless ovulation had taken place shortly after 
the observations had ceased there would have been no chance 
for fertilization to have taken place. 

There were indications of fetal death in some instances. 
Certain mares which had been bred failed to come in heat at 
the expected interval following service and examinations of 
the vagina and cervix revealed the characteristic conditions of 
early pregnancy, however, subsequent chemical and biological 
pregnancy determinations based on the estrogen levels of the 
urine failed to indicate a gravid condition. Eliza and Harriet 
gave positive pregnancy tests in 1937, as did Ruby, Ideal, and 
Diana in 1938, and, although abortion was not detected, the 
mares failed to foal. An investigation of the incidence of early 
fetal death is being undertaken at present but considerable data 
must be gathered before the importance of this phenomenon can 
be known. 

Ovulation occurred regularly and in an apparently normal 
way in some mares; there was no gross evidence of abnormal 
anatomical, pathological, or physiological conditions of the geni
talia; natural or artificial inseminations were made at 24-hour 
intervals until rupture had occurred, yet conception did not 
take place and estrus reappeared at the expected time. Whether 
these results were due to physiologic, cytologic, or genetic reasons 
remains, at present, obscure. 

The breeding results secured in various arbitrary classes of 
mares have been presented. There seemed to be no indication in 
the particular group of mares studied at Miles City that lacta
tion inhibited or prevented conception, rather, a slightly larger 
percentage of lactating mares became pregnant than did dry 
mares. There was a higher percentage of conception in the 
light than in the draft mares, which may be explained in part 
by the fact that there were more maiden draft than maiden light 
mares as well as a greater number of draft mares bred during 
foal heat. 

The findings in regard to the percentage of pregnancies 
occurring during the first estrus after foaling were in agreement 
with those of Satoh and Hoshi (1932) and Caslick (1937). 

It is commonly believed that mares entering the breeding 
herd for the first time are more difficult to settle than are mul
tiparous females. Caslick (1937) reported that although 87.67% 
of 73 maiden mares became pregnant after service during more 
than one estrual period only 27.39% conceived on the first breed
ing. Voloskov (1937) was successful in inducing pregnancy in 
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70.4% of the maiden mares bred but he did not include data 
showing the number of services necessary. In the present study 
the least favorable results were obtained with this type of mare. 

Kupfer (1928) observed the phenomenon which we have 
described as "split" estrus but a search of the literature has failed 
to reveal information concerning its frequency or its relation 
to fertility. Although the cause, whether it be hormonal in 
nature or due to other factors, is not fully understood, the breed
ing results tend to show that "split" estrus in itself is not dele
terious to fertility. Under practical breeding conditions it is 
possible that there might be a marked difference in the repro
ductive performance of mares of this type for it is a common 
practice to cease trying mares after they have apparent ly gone 
out of heat. Ovulation did not occur in the mares exhibiting 
this phenomenon until after estrus had reappeared and, had 
breeding and teasing operations been discontinued when estrus 
was "split", there would have been little likelihood of fertili
zation. 

The incidence of "physiological" estrus and of post-estrual 
ovulation is undoubtedly small in the entire mare population 
but, in view of the low foaling percentages reported from 
various parts of the world it is of some importance t o consider 
these phenomena from the standpoint of fertility. Many workers, 
among them Aitken (1926), Mirskaya and Salzman (1935), Mc
Kenzie and Andrews (1937), and others, have reported that con
ception is possible in those mares which ovulate in the absence 
of estrus but they have given no data on the numbers of animals 
bred. The literature contained no information concerning post
estrual ovulation and it is probable· that it has not been detected 
pr~or to this study. Estrus is the only guide to the time of 
mating under most stud farm conditions, and ovulat ion in the 
absence of heat, or estrus with the absence of ovulaion, will very 
likely result in failure to conceive. The results of this work 
would indicate that the manifestation of these phenomena do 
not, in themselves, preclude the possibilities of pregnancy pro
viding the development of follicles and the time of ovulation are 
observed by rectal palpation. However, while this problem 
is of interest to the physiologist and geneticist, there are serious 
disadvantages to the propagation of animals which exhibit 
anomalies of the estrual cycle. The data do not permit extensive 
genetic study at present but there was a tendency for various 
anomalies to appear in daughter and dam, and caution is to be 
recommended until the phenomena are thoroughly understood. 

The relationship between the artificial rupture of follicles 
and fertility was of secondary importance in the conduct of 
these investigations and the breeding results are present ed to 
show that the operation, in itself, neither interrupted pregnancy 
nor prevented subsequent ovulation and fertilization. 
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Summary and Conclusions 
The data on estrus, ovulation, and related phenomena in 

the mare were obtained at the United States Range Livestock 
Experiment Station, Miles City, Montana, between April 20 
and July 10, 1937 and April 20 and July 15, 1938 and are the 
results of observations on 45 draft and 35 light mares most of 
which were in the herd for each of the two seasons. 

Section I: The Breeding Season, Estrus, and the Estrual Cycle 
1. The methods of measuring the sexual behavior of the 

mare have been described and certain arbitrary types have 
been defined. The degrees of receptivity and resistance were 
subject to individual variation, but most mares became less 
antagonistic to the stallion 1-2 days prior to the onset of estrus 
and were most receptive at the time of and 1-2 days preceding 
ovulation. Estrus was usually terminated 24-48 hours after 
ovulation. 

2. "Split" estrus was characterized by an initial heat period 
of one or more days, followed by a non-receptive period usually 
of 1-2 days duration, and a subsequent return of estrus for one 
or more days. Twenty-eight cases were observed. 

3. "Physiological" estrus was manifested by the ovarian, 
uterine, and vaginal changes characteristic of psychological 
estrus, but receptivity, or sex-desire, was absent. Eleven cases 
were observed. 

4. Sexual behavior tended to be masked until the mares 
had become accustomed to the teasing procedure. The grade 
Thoroughbreds were more excitable than the draft mares and 
required more careful handling during teasing. Young mares, 
when quietly handled, exhibited the same types of sexual re
sponse as did older animals. 

5. The size of the follicle, in itself, had no definite relation 
to sexual behavior' but most mares exhibited an increase in 
sex-desire as the follicle increased in diameter. 

6. The interval from parturition to foal heat was observed 
in 33 instances. The average duration was 11.4 days with a 
range of 2-30 days. 

7. The duration of 196 estrual periods ranged from 1-37 
days with a mean of 5.3 days. 

8. The mean length of 90 estrual cycles was 20.7 days with 
a range of 10-37 days. 

9. The duration of 106 interestrual periods ranged from 
5-33 days with a mean of 15.3 days. 

Section II: Ovulation and Ovarian Changes 
10. Most follicles were taut on the 1st day of estrus. A 

certain degree of elasticity was present and the follicular wall 
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was resilient to digital pressure. Some follicles were of drum
head firmness on the day prior to the detection of a corpus 
luteum and others were flaccid, as in the nature of a partly 
filled bladder. 

11. When a corpus luteum was first detected it often seemed 
diffuse in nature and had the feeling of an irregularly-shaped 
sponge. Most corpora lutea were about half as large as the 
follicles they replaced and ranged between 1-3 em. in diameter. 

12. Follicular size ranged between 1.0-7.5 em. during estrus. 
On the 1st day of heat the average follicular diameter in draft 
mares was 3.1 em. on the left and 2.7 cln. on the right ovaries 
and in light mares 2.6 em. and 2.5 em. on the left and right 
ovaries respectively. On the day prior to the detection of a 
corpus luteum the follicles on the left ovaries of both draft 
and light mares were larger than those on the right ovaries, 
and the average follicular size on both ovaries of draft mares 
was greater than the corresponding average in the light females. 
Prior to ovulation 58.4% of the follicles of draft mares were 
4 em. or more in diameter in contrast to 33.3% of a correspond
ing diameter in light mares. 

13. Ovulation occurred in the left ovary in 60% of the 
cases in draft mares and in 61.6 % of the cases in light mares. 
No definite pattern for the order of ovulation between the two 
ovaries was observed. Although more than one follicle was 
often palpated on one or both ovaries during estrus, double 
ovulation occurred in only 9 instances (3.8% of the cases) . 

14. Ovulation occurred over a wide range during the estrual 
cycle with a variation from 24 days prior to the cessation of 
heat to as late as 5 days after the end of estrus. Ovulation was 
not dependent upon estrus, nor estrus upon ovulation, but in 
76.7 % of the cases a corpus luteum was detected during the 
interval from 1 day before to 1 day after the termination of heat. 

15. The period between successive ovulations ranged from 
12-58 days with a mean of 20.6 days. 

16. Follicles were palpated during the interestrual period 
and as early as the 5th day of pregnancy. 

17. Follicular fluid recovered from 10 follicles ranged be
tween 6-112 cc. in volume and 20.0-75.0 gamma of estrone per 
cc. Heat was terminated from 1-3 days following artificial rup
ture and succeeding estrual periods were initiated from 5-19 
days following rupture. 

Section III: Physiological Changes in :the Genital Tract During 
:the Estrual Cycle and Early and La:te Pregnancy. 

18. The color changes of the labia vulvae and vaginal 
mucosa, although indicative of a trend, were subject to wide 
individual variation and were not a reliable means for the 
detection of estrus. 
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19. The highest vascularity of the vaginal and cervical 
mucosae was observed at the approximate time of ovulation and 
the least between the 5th-10th days of interestrus. As early 
as the third week of pregnancy, in some cases, the vaginal 
mucosa had a blanched appearance that was of considerable 
value in the physical diagnosis of pregnancy. 

20. During the estrual cycle the secretions which could be 
recovered from the vagina and cervix were most abundant and 
of the least viscosity during estrus, and were scant and thick 
between the 5th-10th days of interestrus. During the period 3-7 
weeks before parturition the vaginal walls were covered with 
a thick mucilaginous substance, and there was a tendency for 
this material to appear as early as the third week of pregnancy. 

21. There was a gradual relaxation of the cervix 1-2 days 
prior to estrus, and complete relaxation was usually observed at 
the time of ovulation. The maximal muscle tone was recorded 
between the 5th-10th days of interestrus. During late pregnancy 
there was a gradual relaxation 1-2 weeks before foaling, and 
by the third week of pregnancy the cervix was usually tor
tuous and tightly contracted. 

22. The vaginal and cervical secretions, with few exceptions, 
were alkaline; and the vagina was usually more alkaline than 
the cervix. The maximal alkalinity was observed during estrus, 
the least between the 5th-10th days of interestrus. 

23. Both rectal and vaginal temperatures were slightly 
higher during estrus than interestrus, and those of lactating 
mares were higher than those of dry mares. 

Sec:l:ion IV: Histological Changes in the Genital Tract During 
:the Estrual Cycle and Early and Late Pregnancy 

24. Leucocytes, and cornified and nucleated epithelial cells 
were U:Sually present in relatively large numbers on one or 
more days of estrus; but no cell type was characteristic of any 
stage of the estrual cycle. The similarity of estrual and non
estrual smears would seem to eliminate the method for diag
nostic purposes. 

25. The epithelium of the vaginal mucosa reached its great
est height during estrus and a minimal thickness was usually 
recorded between the 5th-15th days of interestrus. 

26. Cornification of the superficial layers of the vaginal 
epithelium was never marked but tended to be more prominent 
during estrus than at any other time. 

27. During the estrual cycle leucocytes were most abundant 
in the stroma and vaginal epithelium at the time of estrus, and 
least numerous between the 5th-10th days of interestrus. Leuco
cytes appeared shortly after parturition and were of variable 
numbers during early a.Iid late pregnancy. 
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28. The stromal blood vessels were most congested during 
estrus, least prominent at about the lOth day of interestrus, and 
comparable to the interestrual condition during early and late 
pregnancy. 

29. The involution of the uterus proceeded rapidly follow
ing parturition, but the endometrium had seldom completely 
involuted by the onset of foal heat. The endometrium appeared 
to be restored to the farrow condition during the latter part of 
foal heat or shortly thereafter. 

30. During the estrual cycle the height of the surface epi
thelium was usually greatest during the latter stages of estrus 
and the first 5-8 days of interestrus. The minimal height was 
usually observed between the 10th-15th day of interestrus. 

31. The diameter of the uterine glands and the height of 
the glandular epithelium were greatest between the 3rd day of 
estrus and the 5th day of interestrus and were least during the 
6-7 day interval prior to the onset of heat. 

32. Leucocytes were present in large numbers during the 
period of involution of the endometrium. They were most 
numerous during estrus and least prominent at about the lOth 
day of interestrus. 

33. The stromal blood vessels were prominent prior to 
foal heat and during the cycle were most congested at the time 
of estrus and least congested at about the lOth day of the inter
estrual period. 

Section V: The Relation of :the Psychological and Physiological 
Phenomena of ::the Estrual Cycle and Breeding Resulis. 
34. Of 110 mares bred 76 (69.0%) conceived. The average 

number of all services, natur"al and artificial, per pregnancy was 
7.6 and of these 2.3 were natural ejaculates. 

35. Of the lactating mares 71.1% became pregnant whereas 
68.9% of the dry females conceived. 

36. Of 26 mares bred during foal heat 13 (50.0%) became 
pregnant. 

37. The least satisfactory breeding results were obtained 
with young mares entering the breeding herd for the first 
time. Of 19 maiden mares bred 8 (42.1%) conceived. 

38. "Split" estrus appeared to have no deleterious effects 
on fertility. Seven (77.8%) of 9 mares bred when exhibiting 
this phenomenon became pregnant. 

39. The manifestation of "physiological" estrus did not 
prevent conception. Of 8 mares bred during the time they 
failed to show willingness to accept the stallion 5 (62.5%) con-
ceived. · 

40. Ovulation did not occur until after the cessation of heat 
in 4 mares that were being bred. Three of these (75.0%) became 
pregnant. 
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41. The artificial rupture of follicles did not prevent sub
sequent ovulation and fertilization. Although only 2 of 6 mares 
bred following artificial rupture became pregnant, there were 
evidences of physiological disturbances in the remaining 4 which 
in themselves could have been of sufficient influence to prevent 
pregnancy. 
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