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THE ESTRUAL CTCLE IN RCNET 1WES 

INTROWCTION 

Sheep huø:*ndry is a higb3 isportint liveStook enterpziee 

in the Wjl1tte Valley oZ 'mstern Oregon. In rscit years the 

enterprie. ha. expanded in the Valley in ctrsst to a declining 

Bheep population in the section of Oregon east of the Cascades, The 

probleaa of efficient sheep production are aeming *jor econcetic 

proportions in this area. 

Much study m d effort have been expanded in recent years 

to improve husbai dry methode and to raise the economiic level of sheep 

production in the WiUzette Valley. Most of this work has been in 

the line of developing suitable forages, control of parasites, and 

econcic aurves and enai7sss of the sheep industry. Satisfactory 

econosic gaina have resulted £rc these studies; but if progrests is to 

be continued, efforts mist be directed along lines hitherto given 

little coordinated attention. It would appear at the present tae that 

iepro'vement of fertility offers a path to the aoet rapid incrases of 

production efficiency. 

One of the predoinating breeds of this area is the Rcnsy 

iihioh le weU adapted to the forage and climatic conditions. Origir1 

iaportation. of the Rcney to America were rade in the Wiflaetts 

Valley. Approxlxatei.y 9,000 registered Romneys are found in purebred 

flocks of the Pacific coast, and they are used sIdel.y in the Vest as 



loundation stock for grade flocks. However, one of the criticisms of 

this breed is a late and long breeding season. If this reproductive 

problem can be corrected, the increased econonic return that would 

be realïzed is quite apparent. 

Correspondence with breeders on the East coast, South 

America, and New Zealand reveals that late and long ].anbing seasons 

are also a problem with Romneys in these areas. This would indicate 

that late and long lambing is not a loca). or ecological factor, but 

a factor characteristic of the breed, or at least strains vdthin the 

breed. 

Investigations concerning fertility and related phenomena 

in sheep have been carried on for a number of years. The majority 

of the conclusive and well recognized 8tudieS have been conducted by 

a relatively emaU number of , Much of the emphasis to 

date has been placed on attempting to alter the breeding season of ewes 

by the administration of hormones. The study of fertility in sheep has 

received much less emphasis than it has in some species such as dairy 

cattle. This is probably due to the relatively small Individua]. value 

of sheep and the methods of handling them. An effort has been made 

here to review available material and to apply the techniques and in- 

formation gained to the individuals under observation in this problem. 

It is the purpose of this study to determine if there are 

inherent differences in the breeding seasons and capacities of indie- 

idua]. Romney ewes. The results will be evaluated, and an effort iU 
be made to apply them in establishing and selecting lines of the desired 

fertility level in the Romney breed, 



Rmsw LITATUR 

I*vestig*tione carrild in thia project sre divid.d 

into five relat.d phase. A eurvsy of breedre ' recordø and nI1ysie 

o! pedigrees and record8 of ea uasd in the project, indications and 
frequency of eatrue, ovulation in conjunction with setrue, vaginal 

ears, and relative gonadotropic hora.one potency of the pituitary 

glands of the experimental ewes. The review of literature and results 

of the experiment will be presented in that order. 

Moat of the breeds of sheep of econonic importance in this 

country have a li4 ted single breeding season McKenzie a d Phillips 

(S2, p. 139) observed that with purebred Shropehire, Hampshire, and 

Southdaen ewes the breeding season began the last of August with the 

apebirs cwing estrus about ten days earlier than the other to 

breeds. Cole and Miller (16, p. I) doing work in California with 

these eses breeds showed that the average breeding date of Hpshirea 

was August 1?, with the Shropehires breeding September 1, and the 

Southdowns Septber 10. They aleo sbted Ftbouil)st ewes bred in 

mid July and Rsy ewes in mid September. TI* latter was the latest 

season of any of the breeds studied. Rcmney-R.abouillet crossbred 

ewes had an avrags breeding date of August 23, which was midway between 

the two parent breeds. Haond (36, p. 98) in wrking with Suffolk, 

Border Leiceeter, and Cheviot ewes in Great Britain found the breeding 

season to be frce October to early March with occasional estrus as 

early as August. Kelley and Shaw (12, p. 1827) established in Auetrelia 

that the breeding period occurs at a definite season within breeds, and 

that acme breeds are earlier than others, while the Dorsets will breed 
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and have two lambing seasons a year. McKenzie and Terril (S3, p.81) 

in dealing with Hampshire, Shropehire, Southdown, RabouiUet, and grade 

ewes fornid the breeding season to be from September to January. Thompson 

(6b, p. b78-ki79) in his study of breeding seasons of Merino and three 

groups of half-breeds in Australia stated that the normal breeding season 

was from November 15 into Jaivary. He also observed that of ail those 

studied, the Merino-Romney cross had by far the latest breeding season. 

Unlike the cow and sow, the ewe exhibits few or no visible 

indications of estrus, and the detection is aimost impossible in the 

absence of a ram. Young (72, p. lbS) reports that a ewe in heat may 

eat leas and stand apart from the others. Generally, however, ewes 

make no indication other than standing for the rain. Urination at time 

of teasing is not an indication of heat, (72, p. 1b5) and (53, p. 13). 

Some slight swelling of the vulva and alight discharge are usually 

observed, but this cannot be relied upon (52, p. lbO). The general 

criterion of heat accepted by workers in this field is the ewe allowing 

the ram to momt. Thompson (6b, p. b81) found that ewes excited the 

interest of rams before and after they would accept service. Polovtzeva 

and Fomenko (57, p. 250) in using the vaginal smear as the criterion of 

estrus observed that ewes were selected by rams in late proestrus, or the 

transition stage to estrus. Grant (31, p. 2) states that the mutual 

behavior of the ram and ewe is the most reliable indication of heat. 

McKenzie and Terril (53, p. 15-16) present data for the 

duration of 1,235 eatrual periods -which show a range of three to 

seventy-three hours with a mean of 29.33 hours. Cole and Miller 

(16, p. lth-bS) report the average length of estrus as thirty to forty 



houre. Kardymov'ic, Itareakova, and Pavijucuk (ZIO, p. 3) observed that 

the end of eetrua occurred thirty to forty-six hours after Its initial 
onset. McKenzie and PhiUipe (S2, p. 1hO-lIl) found that the average 

length of 2J7 setrual periods wae 26.8 honre. Kelley (al, p. 130) etates 

that O percent of the range Ierino ewes observed had short estrual 

periode of 19 hours or lese. In a cosiparison of Hampshire, Southdown, 

and Shropahire ewes, McKenzie and Phillips (S2, p. lliø-]i41) found 

that the Hampshire had an average period of 30.7 hours, which was 

significantly different than the Southdown with an average of 2h hours. 

Shropehires f.0 midway between these two breeds with an average of 

26.3 hours. They also found a significait difference between Hpshire 
las with an average of 21.2 hours and Bpsbirs yearlings with an 

average of 29.7 hours. 

Length of the estrua]. cycle is generally measured from tI 

beginning of one period to the beginning of the next and has a rage 

of 13 to 21 days with an average of 17.3 drs (17, p. 20S). Dry 

(21, p. 386-387) found the average interval in Romney ewes to be a little 

under 17 dW . Ewes returning to heat showed oonsiatey in the length 

of cycle. GiU (30, p. 306-307), aleo working with Romney ewes confirms 

these findings. He observed a normal interval of 15 to 18 days with a 

flock average of 17 days. Baond (36, p. 98) found the cycle to 

average 17 days with the first cycles of the season shortir and more 

consistent than those occurring later in t he season. Kefley (4, p. 130), 

in working with Dorsets and Merinos of high iid low fertility, found a 

iS to 19 day ra ge with an average cycle of 17 d s. No significant dif- 

ference as to age or breed was found by McKenzie a'i d PhiUips (52, p. iii2). 



In their study of Shropehire, Hampshire, ani Southdown ewes, a rage of 

8 to 149 days was observed with 16.6 days as t he average length of 

cycle. McKenzie and Terril (53, p. 16) present data showing that of 

1,038 estria1 cycles, 938 were within the rango of 114 to 19 days in 

length with a mean of 16.72 ds. Thompson (6h, p. 1482) states that a 

cycle of 16 to 19 days with an average of 17 days is normal in Merino 

and half-breeds in Australia. Cole and Miller (16, p. 14?) found that 

if nutrition is normal, the oycle rarely fails outside the 15 to 19 day 

range. Poloytzeva and Fomenko (57, p. 250) in a study involving 614]. 

ewes found the eatrual cycle to be 16.3 days1 

Sperm in the reproductive tract of the ewe remains viable 

for only a short time (68, p. 1143). The period in *iich ova are 

capable of being fertilized is also short. Green and Winters (33, p. li65) 

estimated that the survival of sperm and unfertilized ova was not more 

than 2ui hours in the genital tract of the ewe1 If a program of arti- 

ficial breeding is being followed, or if a large number of ewes are 

being hand bred to a valuable ram, it is essential to know when 

ovulation occurs in order to inseminate the ewe at the optimum time1 

By performing laparotomies and actually observing ovulation, 

McKenzie and Terril (53, P. 30-31) established the time of ovulation 

to be near the end of estrus. They observed ovulations as early as 

12 hours and later than 14]. hours after the onset of estrus. Green and 

Winters (33, p. 1465) stated that the ewe ovulates late in the ostras]. 

period as the animal Is passing from heat. Anderson (2, p. 69) in 

performing laparotomies on Merino ewes found that a minimum of 21 to 

25 hours must elapse between onset of heat and ovulation, Kardymovic, 
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Mareakova, and Pavijucuk (hO, p. 3S) found the optimum time for breeding 

to be 18 to 26 hours after the onset of heat, and preferably near the 

end of that period. Rail (3S, p. 25) found indications in the ewes 

studied that ovulation occurred during the latter part of estrus, 

McKenzie and Phillips (52, p. 1ì2) obtained excellent results by breed- 

Ing ewes 11 hours after the beginning of estrus. 

The fact that silent heat, or ovulation without heat, frequently 

occurs is shown by Kelley and Shaw (12, p. 19). In their studies of 

Merino, Dorset, and Border Leicester ewes, they found from 10 to 80 per- 

cent of the ewes exhibiting silent heat during various years. Generally, 

ovulation without heat occurs as the first ovulation of the breeding 

season0 Silent heat has also been reported by Grant (32, p. 802) as 

occurring regularly in the month before heat, and sometinee during the 

breeding season. McKenzie, Allen, eta). (50, p. 280) aid Cole aid Miller 

(16, p. ¿7) have observed ailent heat in ewes. McKenzie and Terril). 

(53, p. lj6) aleo noted heat without ovulation in the latter part of the 

season, McKenzie, Allen, etal (50, p. 280).noted 8 percent of the 

ewes showing estrus without ovulation. 

Twinning Is not uirommon in sheep, arid occasionally triplits 

are born, but the frequency of multiple births varies among breeds 

(SS, p. 837-8Ll) aid (19, p. 13). Zavadovskii and Paduceva (73, p. 131) 

observed an average of l.5I corpora lutea in normal ewes, McKenzie and 

Terril). (53, p. 31-50) observed ovulation ratee of l.OI to 1.52 among 

groups of ewes. Two cases of triple ovulation were observed, Mature 

ewes had a higher ovulation rate than yearlings and owe lambee Ewes on 

a low plane of nutrition had a lower ovulation rate than ewes on a high 



plan. of nutrition. They also noted that the twin ovulations generally 

occurred during the first half of the breeding season. MarehaU aid 

Pott8 (b9, p. 13) and Nichols (ES, p. 8LiO) report that ewes conceiving 

early in the season have the greatest nunber of multiple births. 

Hal]. (35, p. 15) found the gestation period of Rambonillet 

ewes to raige from 1I9 to 152 days, The five-year average gestation 

for ewes artificially insii.inated was 150.3 ds, and for those bred 

naturally was 150.2 dys. Gill ( 30, p. 307) working with Ronineys 

found the duration of pregnancy to rai ge from ].hS to 153 days with a 

weighted average of 118.7S days. Dry (20, p. 387) also working with 

Ronineys gave mi average gestation period of l8.7 days and a range of 

]dh to 153 days. Hammond (36, p. 102) found that gestation. was longer 

for twin than for singles. 

The fact that aheejmn have long had interest in methods of 

changing the occurrence of estrus and rate of ovu]ation is evidenced by 

the old and common practice of flushing ewes preparatory to breeding. 

The practice is so we].]. known and advised that it might sel]. be termed 

a basic law of successful Sheep husbandry. Clark (12, p. 133) found 

that flushing causes an increased ovulation rato if the ewes are not 

in a high condition to start with. He also pointed out that flushing 

appeared to have no material effect in bringing ewes into heat faster 

if the estrual cycle had already been established Grant (32, p. 802) 

postulated that flushing may convert the first silent heat of the 

season into normal eatrus. Marshall arid Pott3 (19, p. 6) report that 

flushing increased lamb yields and earliness of breeding. Mclenzie 

and Phillips (52, p. 1I0) noted that taking ewes from a low level of 



nutrition to a high level influenced estrus, Nichols (SS, p. 835-838) 

found flushing would increase yields, 

Within the past twenty years much work has been conducted 

in wi effort to ãter the breeding season and ovulation rate of ewes 

by means of hormone administration, To date the results have been 

variable and a technique which 'will give dependable arzi satisfactory 

results has yet to be developed, (!6, p. 16g). 

Anderson (3, p. 328-3314) induced estrus in 814 of 113 Merino 

ewes within 21 days by intramuscular injections of five doses of 1,000 

units of estradiol benzoate over a period of three days, A regular 

breeding season was initiated in 73 of the 814 ewes that responded. At 

first the interval between heat periods was abnormal, but normalcy was 

gradually reached, Ovulations were confirmed, but it was not definitely 

established that they occurred as a result of the injections, 

Beil, Casida and Darlow (6, p. 14141-14149) tested the effect of 

estradiol alone and estradiol plus progesterone on the genital tracts of 

spayed ewes during October1 All ewes displayed heat one to two drs after 

injection. The changes in the vaginal smear were due to estrogens and 

influenced very little by progesterone, rrank and Appleby (29, p. 257- 

258) by injecting stilbeaterol produced heat in eleven out of twelve 

ewes. However, the estrual cycle was not initiated aìxl the ewes failed 

to ovulate, Thirteen ewes ovulated as a result of one or more injections 

of ilLS (pregnant mare serum) Estrus rarely occurred from single or daily 

injections of IlLS, but four out of six ewes given doses 16 days apart 

came into eatrus following the second injection, and one becane pregnant, 
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PMS did not influence estrue induced by s tilbeaterol, but stilbeeterol 

inhibited ovulation produced by PMS. 

Mckenzie and Bogart (sl, p. 17-18) found whole PKS more 

effective than J in stimulating e8trus, Seventy percent of the 

injected ewes exhibited estrae as compared to 30 percent of the controle 

during the same period. Two hundred fifty to five hundred R.U. gave the 

beat results with 1,500 R.U. producing too much luteinization. Injections 

16 days apart gave the best results. Zavadovakii and Paduceva (73, p. 131) 

compared the effect of PMS, urine of pregnant women, and prolan in 

stimulating ovulation. An increase in the percentage of twinning and 

percentage of barren ewes resulted, Injected ewe ovaries showed an 

average of 2.23 C.L. as compared to 1.5i C.L. in the controls, l'MS 

gave slightly better resulte than the others, 

Van Der Noot, Reec and Skelley (65, p. 372-373) produced 

estrus in ten aged es with injections of 250 R.U. of l'MS 16 days apart. 

AU ten ewes mated and six conceived. 0f 25 yearling ewes, ten caie 

into estrus and mated after the first injection and seven more after 

the second injection of FUS. Only five of the yearlings 1ubed, 

These same workers (66, p. 313-317) injected 177 ewes with 250 Rat 

Units of l'MS. Twenty ewes mated after one injection and 5 lambed. One 

hundred fourteen ewes mated after the second injection and 65 1anbed 

They observed that young animals did not respond as well as old, and 

the physical condition had some effect on the results, 

Koger (143, p. 166-169) force bred 146 ewes after injections 

of 250 R,U. of l'MS and crude pituitary extract. Seven of these ewes 

lambed. Estrogen was used in conjunction with l'MS in an effort to open 
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the cervix1 The resulting increase in conceptions was too snail to 

be significant. Cole and Miller (16, p. 80) found estrin produced 

heat without ovulation and that estrin plus gonad stimulating hormone 

inhibits ovulation, Cole, Hart and Miller (1h, p. 37b-380) produced 

estrus in eight of 118 ewes with a single injection of PILS. A].]. eight 

ewes were bred and none became pregnant. 0! 170 ewes given two 

injections of l'MS 17 days apart, S8 showed estrus, but only 17 con- 

ceived, Superovulation ras produced with 600 to 700 I.U. o! l'MS. 

Enough estrogen to introduce sexual receptivity given alone or in 

conjunction with l'MS inhibited ovarian activity, 

arwick and Casida (70, p. 169-173) administered follicle 

stimulating extracts of sheep pituitary subcutaneously and followed 

with luteinizing or un.fractionated extracts intravenously during the 

last few days of the estrual cycle, This treatment lengthened the 

estrual period an average of 0.76 day in 3 ewes, but individuality 

in the length of the inter-estrua]. interval was maintained. Of nine 

ewes given this treatment during anestrus, only one responded. 

Murphree, Warwick, Casida and UcShan (5h, p. 19-21) 

injected anestrus ewes, follicular ewes (twelve days after beginning 

of estrus) and luteal ewes (three days after beginning of estrus) with 

follicle stimulating xt, The proportions of corpora lutea 

represented by eggs recovered from the reproductive tract were loser in 

the lutes.]. and anestrus anim4s than in the follicular an(inI They 

suggest that this indicates a greater tendency toward entrapment of 

the ova in the first two groups of ewes. Casida, Dutt and Meyer 

(10, p. 2h-33) compared the effect of PSI! extract and un.fractionated 
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pituitary extract on ewea at different stages or the estrual cycle 

(, 8, and 12 days,) Neither extract gave any practical gain in 

controlling time of eatrus. In general, the greater phyaiological 

disturbancea followed the ue of the unfractionated extract Casida, 

Warwick and Meyer (U, p. 23-27) injected ewes subcutaneously for 

four days with follicle stimulating extract beginning on the fourteenth 

day of the cycle. On the seventeenth day an intravenous injection of 

luteinizing extract was given and the eies were bred Two to five daye 

after breeding 70 percent of the eggs ovulated were represented by live 

embryos. Thirty to 37 days after breeding only 0.8 percent of the oggi 

ovulated were represented by live embryos. Inadequate uterine development 

or abnormalities induced in the ova due to rapid development of the 

follicles were advanced as possible causes of death of the embryos. 

Bludovov and Dubrova (7, p. 378-379) gave injections of 

gravidan to 107 barren ewes that did not s}w heat0 Thirty percent 

of these came in heat withintwo dye. The remainder were force bred 

and 6 percent of them produced lanba. Ovulation was also produced in 

pregnant ewes by gravidan injection. 

Another possible method of altering the breeding season of 

ewes is control of light. Dawson (18, 907-910) has demonstrated that 

by controlled illumination domestic cats will come into estrae during 

their normal anestrual season. Sykes and Cole (63, p. 2O-2S2) by 

controlling the light hours during the day caused five out of eight 

ewes to breed in June. Litton (6, p. 39) calls attention to a 

practical breeder of Southdowns who has had apparent success with light 

cont rol. 
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The success of early workers in establishing the stages of 

eetrus of laboratory animal8 by the use of vaginal smears bas stimulated 

considerable interest as to the application of the technique in sheep 

and other farm animals. Allen (1, p. 321) cites tÌe cellular citent of 

the vaginal smear as a reliable criterion of estrus in the mouse. Long 

and Evans (h7, p. 18-21) found four orderly stages in the vagina). 

smear of the rat. Each stage is a reliable indication of the aubdiv- 

isions of t1 cycle in the living animal, Hartman (37, p. 377-379) was 

able to detect the definite stages of estra in the oposs by exam- 

ination of the cellular content of the vaginal smears. Stockhard and 

Papanicolaou (62, p. 236-21.0) observed four definite stages of estrua 

in the guinea pig. Each stage had a characteristic cellular content 

of the vaginal smear. Bassett and Leekisy (, p. 6-7) observed 

definite cycles In the cellular content of vaginal smears of foxes. 

They found that receptivity in vixens reached a peú at or near the 

period of greatest vaginal cornification and when the percentage of 

leukocytes present in the smears is very small. 

Evans and Cole (2S, p. 7h-78) found the vaginal smear to be 

of doubtful value in testing for eatrus in the dog. Definite cellular 

changes in the snars were noted, but they observed some individual 

variation. The changes £rcu one type of smear was not as clear cut or 

abrupt as has been found in the smaller experimental animale. 

Wilson (71, p. 12-h27) noted variations in the vaginal 

smear of the sow during different phases of the estrual cycle. These 

variations were not sharply defined and it was not felt that the vaginal 

smear in itself affords a reliable means of determining the exact phase 



1h 

of cycle in this species. Cole (13, p. 276-285) in a study of the 

vaginal smear of the cow concluded that the presence of mucus is the 

best criterion that the vaginal smear of the cow affords. 

Grant (32, p. 802) observed that vaginal smears in the ewe 

undergo changes prior to ovulation without heat. Kardymovic, Marsakova 

and Pavijucuk (ho, p. 36) report that conception in ewes was highest 

in the individua]., bred when the vaginal *ucus was clear and trans- 

parent. They were unable to diagnose the stage of estrus by use of the 

vaginal smear. Gunn (3h, p. lOS) found the vaginal smear of the ewe to 

have small value in the determination of heat. kinRtion of smears 

prior to thsination was unreliable. 

Polovtseva and Pamenko (S7, p. 250) in etn1ng the ovaries 

of ewes found complete agreement between vaginal sars and ovarian 

condition. They recommended vaginal smears as a reliable and simple 

method for deciding the appropriate moment for mating ewes. Hawkins 

and Darlow (38, p. 27b-.277) have shown a correlation in ewe s between 

the histology of the reproductive tract and vagina]. smears taken at 

various stages of the reproductive cycle. Darlow and Hawkins (17, 

p. 205-207) describe cyclic changes in the vaginal smear of the ewes. 

The presence or absence of leukocytes is described as the main die-' 

tinguishing feature of the various phases. 

Cole and Miller (15, p. 50) and (16, p. h6-65) describe six 

stages of the vaginal smear in ewes and the corresponding stages of 

the estrual cycle. They maintal. n that vaginal smears of the ewe 

indicate the stage of sexual activity and believe the signs are pra 

ticaliy inial].able. They found that smears of the ewe were not as clear 
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cut as in sia11er animals, but would allow one to follow the cycle 

fairly well, It was also shown that except during the breeding season 

the vaginal smear was not a reliable criterion of estrus. 

The variable results obtained from the study of vaginal 

smears of ewes may have been due in part to methods of taking and 

fixing the snears, nvironmenta1 factors may al so have affected the 

results, Evans (21i, p. 651-652) has shown that vitamin A deficiency 

will cause constant cornification of cells in the vaginal ear of the 

rat, This symptom appears much earlier and more constant than 

xerophth&lmla. Fauery and Schwabe (22, p. l53-l5Ii) and Wade and Doisy 

(67, p. 707-709) have denonstrated that pressure as well as irritation 
of the vaginal mucosa will cause characteristic estrual smears to 

appear in the vagina of castrate and lactating rats. strua1 smears 

were induced by the frequent use of cotton swabs or glass rods. Although 

smearing changed vaginal epitheliuin, the uterus was not affected, Emery 

(21, p. 106) produced frequent and prolonged vaginal smears in the rat 
by the removal of one ovary, 

Japp (39, p. 21ih) states that the main difference between a 

good and a poor laying hen seems to be either a difference in the gonad 

stimulating power of the pituitary or a difference in the ability of 

the ovary to respond to stimulation. A comparison of the potency of the 

Follicle Stimulating Hormone of the anterior pituitary and whole 

pituitary extracts of sheep has been made by Fevold, Risaw, Hellbaum 

and Hertz (2?, p. 710-723) Relatively pure FSH extract increased the 

ovaries of immature rats and rabbits boo to 1h00 percent as compared to 
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)_o percent increase £o11oiing the e.dminietration oÍ entire pituitary 

extract. War,dck (69, p. 1g-9) demonstrated that the gonadotropic potency 

of pituitary glands from crossbred Lincoln-RainbouiUet ewes wa signif 1- 

cant3' higher than that of pituitarie3 from purebred Hampshire ewes. How'- 

ever, no comparison of fertility or breeding season was made between these 

two groups. Stephens and Allen (61, p. S82-583) by underfeeding guinea 

pigs so as to cause them to lose 20 to 30 percent of their weight in two 

seka found the anina1 to develop atrophic ovaries with virtual disap- 

pearanc. o± ail foflicles. Atin4stration of a pituitary extract caused 

luteinization and the ovaries did not return to normal. Animals put back 

on full feed for two weeks without other treatasnt shoied evidence of 

ovarian recovery. They advance the theory that the ovarian change may be 

due in pa t to the inability of the pituitary to produce sufficient hor- 

monee to maintain the ovaries during a low diet. Smith (60, p. 198-203) 

demonstrated with rats that two-thirds or sometimes more of the anterior 

pituitary can be risend without disturbing the sex cycle or normal repro- 

duction. However, in large marnuas the margin of safety may not be as 

large because the relati.onship betiveen the weight of the anterior pitui- 

tary and the body weight is not as close as it is in the rat. 

Work has been done to show that in the absence of active gonads 

the gonadotropic content of the anterior pituitary increases. Riley and 

Frape (8, p. 3) found the anterior pituitaries of hens with follicles 
in the regressive or quiescent phases had a higher gonad stimulating 

effect than those from hens in full production. Evans and Simpson 

(26, p. 373-3Th) found castrate pituitaries were six times as potent as 

norma] pituitaries when injected into rats. Tb. cryptorchid male 
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pituitary gave results intermediate between normal and castrate males. 

Rat pituitarias showed an increased size and hormona storage period of 

several months follawing castration. Engle (23, p. 102-lOS) triap1anted 

anterior pituitaries from castrate and entire ani a into rata. The 

castrate pituitarias caused ovarian growt.h four to nine times as large 

as those stimulated by normal pituitary tranaplants. The hypophysis of 

the castrates was also larger and heavier than in normal animals. 

In conjunction with methods of testing pituitaries through 

the use of laboratory animals saie work has been done to determine the 

effect of different asthods of storing and preparing pituitarias. 

Kupperman, Elder and Meyer p. 2h-26) testing with rate, found that 

dessication of sheep pituitarias by alcohol or acetone resulted in a 

50 percent loss of potency. This lose could not be explained by analysis 

of the alcohol or acetone residue Glanda stored in a frozen state for 

80 days showed no significant loss of potency. Air-dried glands gave no 

loss of potency after storage for one year. Breneman (8, p.192) testing 

with chicks find acetone-dried pituitarias just as effective as fresh 

glands. 

Various test animals have been used to analyze the potency of 

pituitary glands. However, the trend seems to be toward the use of 

immature birds as they respond to small doses and do not require so much 

material. Breneman (8, p. 191) has established a "chick unit" as 

measurement for pituitary potency. Using ten or more test animals gonad 

weight increases of 3 percent over the average gonad weight of the 

controls was considered to constitute a "chick unit" (C.U.). Schockaert 

(S9, p. SO?) found that injections of beef pituitary substances elicited 



18 

marked weight increases in testicles of i'.ature ducks and fowl. Lahr, 

Riddle and Bates (.i5, p. 682-690) found extreme growth in testee of 

imiature pigeons as s result of beef pituitary injections. Jaap (39, 

p. 21i5) found that injections of sheep pituitary extracts in chicks 

caused greater respons. in the testes than in the ovaries. Dm and 

Van Dyke (19, p. 39-30) obtained hypertrophy of cockere]. testicles 

by injeetbis of purified sheep pituitary extract. 

By using young chicks as test animale very satisfactory results 

have been obtained in a short period of time. Byerly and Burrows 

(9, p. 366-367) injected chicks over a period of 96 hours and performed 

necropsy 2L hours after the final injection. A marked increase in 

testis weight was noted. Jaap (39, p. 2ìS) elicited satisfactory 

response by injecting chicks for a period of four to six days. 

Breneman (8, p. 191) established hie "chick unit" by giving five injections 

in a 96-hour period. arwick (69, p. 3-14) obtained satisfactory testicu- 

lar response in day-old chicks by injecting sheep pituitary powder sus- 

pended in distifled water for a period of five days. 
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MATERIALE AND METHODS 

In the summer of 1916 a survey was aade of the records of 

six breeders of purebred Romney sheep in the Wil].amette Valley. 

Thforuiation as to the management of each flock was obtained at this 

time. Breeders of Romneys in Virginia and South America were con- 

tacted through correspondence. A discussion relative to the lì bing 

season of Romneys in New Zealand was held with an animal physiologist 

from that country. Also available for study were detailed records of the 

Oregon State College Romney flock. Statistical analysis was applied 

to the accumulated data in an effort to discover a simple method of 

selection for early lambing. 

Two groups of purebred Romney ewes were selected for close 

observation. Group A consisted of 6 seven-year-old ewes selected from 

a flock of high producers. These six ewes themselves had a lifetime 

average lambing rate of 122 percent with an average lifetime lambing 

date of February 11. Group B coneisted of eight ewes, five, six, and 

seven-year-olds, selected from a flock in which difficulty has been 

experienced in obtaining early lambs. The available records for group 

B are not as accurate as for group A, but they show a lifetime lambing 

rate of 147 percent with an average libing date of Ïarch 22. The 

reproductive history of these two groups of ewes is tabulated in Table 

I, page 32 To provide a basis for the study of inheritance of these 

animals, a pedigree study was made. Each ewe was traced back for five 

generations with special attention being given to the birth dates of 

the various ancestors, 
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On July 22 an active yearling ran was placed with these 

lÀ ewes. The ran was provided with a leather apron to prevent copula- 

tion. A mixture of mineral oil and oil pigment was applied to the 

ram's brisket daily and the color was changed every 17 des. The ram 

was kept with the ewes contant1y to avoid the possibility of missing 

an estrual period, 

The ewes wore all placed on the same ivel of nutrition a 

week before the ram was turned in. The ration consisted of one- 

fourth pound of grain daily (equal parts by weight of oats, wheat, 

and barley) and native and seeded grass pastures, supplemented with 

alfalfa hay whenever necessary to maintain the owes in a thrifty condi- 

s 

Beginning on August l vaginal smears were taken on alternate 

days and on days ewes were marked by the ram. Smears were taken with 

the ewe in a standing positicn. A apeculinu was employed and a sample 

of mucus was takenfrom the mouth of the cervix with a glass rod. 

Immediately after the mucus had been placed on a glass slide, the 

smear was fixed in a solution of equal parts of 9 percent alcohol and 

ether for five to fifteen minutes. The slide was then rinsed succes- 

sively in 70 and 50 percent alcohol and distilled water. The slides were 

stained in Harris' hematoxylin, 006 and ASO, These latter two stains 

are smear stains prepared by the Ortho Pharmaceutical Corporation. 

Immediately following the second estrual period of each ewe, 

as indicated by the ram, laparotomy was performed in order to observe 

the condition of the ovaries, Nembuta]. was administered as a general 

anesthesia at the time of the operation. 
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During the latter part of October some of the ewes were 

lnseviinated and the eubryos of those conceiving were removed by surgery 

after a development of three weeke Observation was made as to the 

interval from the time of eibryo removal to the return of estrus, 

Ten days after estrus the ewes were castrated. This was 

during the last part of November and the first part of December, Ninety 

days after castration, the ewes were slaughtered, Within l minutes 

after slaughter the pituitary glars were removed and placed in an 

excess of acetone. After returning to the laboratory, usually a 

matter of three to four hours, as much of the adhering connective 

tissue as possible was removed. The glands were then cut into small 

cubes and placed in fresh acetone. Two additional changes of acetone 

were made at intervals of 21i, hours, After remaining in the acetone for 

72 hours, the gland was removed and drying was completed in a dessicator 

containing P2O. 

After remaIning in the dessicator for ten days to two weeke 

the individual glands were removed and ground with a mortar and pestle 

until fine enough to pass through a 11.40-mesh (to the inch) screen, 

The pituitary powder was thenighed and s tored in a tightly stoppered 

vial until ready for use, 

Assays of the individual glands were carried out with chicks 

and the potency of the glanda measured in "chick units" as established 

by Breneman (8, p. 191), Day-old leghorn cockerels were used and 

the increase in testis weight was the end point. A total of 10 mg. 

of pituitary powder was suspended in l.2S cc, of physiological saline 

and injected daily in five equal doses over a period of five days. The 



30 

control group was given e quai injections of pure physiological saline. 

Injections were given subcutaneously in the flank on alternate aides. 

Preparatory to injection, the area was swabbed with alcohol. Fresh sus- 

pensions were prepared daily and prior to injection bacterial cultures 

were made. These cultures indicated that all suspensions had the aa 

relative bacterial content, 

Elevenoupe of injected chicks and one group of controls 

were used. They were kept on hardware cloth to prevent possible 

intake of hormones fron the droppings. Ccmercial chick starter was 

fed and fresh water provided at ail tiass. The vaiou. groups wer. 

identified by water color painted on the back. Injections 'were made 

'with a 1 c.c. tuberculin syringe and a 20-guage needle. 

hours the 

were killed and the testicles imam diately weighed on a chain-o-iatie 

balance. Neorophey of each chick and weighing of testicles required 

about one minute. Chick. were killed in the der of one f ri each 

group alternately. 
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RESULTS 

Recorde of six breeders of purebred Romneys in the Willamette 

Valley ahoid that not ali had experienced difficulty .ith late lamb- 

Ing. A breeder in Virginia reported as of September 22, l9I6, that 

only 9 of 2S purebred Romneys had been bred. On the sarna farm 27 of 

29 mutton type or down" ewes had bred by that dat. A good deal of 

artificial Insemination is done with sheep in Uruguay and a report fron 

one of the in8e3nInator in that country states that one of the difficuitlee 

encountered with the Roemey breed is a late and prolonged ostria1 season. 

The Romnay breed has been greatly developed in New Zea1azi. When Doctor 

L. R. Wallace, Chief Nutrition Officer of New Zealand, visited the 

United States last swr, be reported that las being dropped late in 

the season pere not uncommon within the Rcney breed. 

Of the flocks surveyed in this locality the one fromi which 

the group A ewes were selected baa the best record for early lathing. 

The lainbing season for 1g]. ewes in 19I5 ranged £r Ja uary 2 to March 

6; only two yearlings lambed after February 19. Zn l91LS the lambs from 

148 8WS were dropped between January 27 and February 26. Again on3.y 

six ewes lambed after February 19, and they were aU yearlings that had 

been bred to a rem lamb. The breeder of this flock raises all of his 

own ewes axxl has selected his ran e from one flock. It is the practice 

within this flock to flush the ewes on sudan grass tour weeks before 

turning the rwi in. In addition, the yearling ewes are usually given 

Sam. dry lztd eastern Oregon alfalfa and the rame are grained. This 

operator has a large farm with plenty of good pasture available at al]. 

tiDle e. 
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Table I 

Reproductive History of Experimental Ewes 

Ewe Birth Ave. Date Average Barren Number Laiubing 

Date of Lambing Seasons of Percentage 
Conception Date Lamb. 

142A Mar. 20 Sept. 21 Feb. 16 0 10 166 
Mar. 1 Sept. 21 Feb. 16 0 6 100 

146A Feb. 26 sept. 10 Feb. 5 0 6 100 
148A Feb. 22 Sept. 13 Feb. 8 0 9 150 
Li9A Mar. i Sept. 18 Feb. 12 0 6 100 
50A Mar. 12 Sept. 1.14 Feb. 9 0 7 116 
Li239B April 17 Nov. 10 April 7 0 6 100 
176B Mar. Oct. 17 Maroh 15 2 14 66 
106B Mar. Oat. 12 March 10 2 3 60 
].07B Mar. Oct. 29 March 27 14 1 20 
112B Mar. 25 Jan. 11 June 8 3 1 25 
100E Mar. Oøt. 12 March 10 2 2 50 
58B Feb. Oct. 11 March 9 3 1 25 
lj2141B Feb. 14. 0 0 

Table II 

Differences in Lathing Seasons 
of Rox1ey Ewes Bred to Romney and "do'sn" Rams 

Lamb.'No. of'Breed'DayDays to'Length% of ewes'% of ewes'% of ewes 
Year !Ewea of RamFirst of Lanib. in Lath. in Lath. in 

Lamb. Lamb. 180 Days ;195 Days 210 Days 
Soason 

19145 99 Roimisy 9,4i. 1149 81 57 72 88 
50 "dawn"9jt0 152 148 85 100 

19146 118 Romney9/3 1143 91 63 75 88 
23 "down"9/5 1.143 3Li. 100 
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of ali t he flocks studied, t he one from which the group B es 
were selected has the largeet number of late lambs. Lambs were stil]. 

being dropped in May of 19I6. This is a re1ative] iew flock, and 

until the past two years has conaisted entirely of purchased ewes from 

breeders iii thi8 locality. Expensie imported ramo have been used almost 

exclu8ively iii thiS flock. As of April, l9!6, there were eleven ewes 

out of 70 that had not lambed. Some of these ewes nere not barren, but 

lambed in May. Of the 9 ewes laabing by April, only 22 lambed by Feb- 

ruary 19. Breeding is done without flushing the bucks and no new pas- 

ture is provided for breeding. Some oats are provided during breeding 

and alfaiía is aometinies fed. The ewes of this flock are quite variable 

as to type, and it is quite evident that they are not kept on as high 

a plane of nutrition as the ewes In the flock previously discussed. 

One of the breeders intervieved has a program of dividing his 

ewes into two groups. Romney rains are used on one group of ewes for 

the production of breeding s tock, arid a mutton or down" type rain is 

used on the other group for market lamb production. The age and 

nutrition for these two groups of ewes 'were at the same level. A ewe 

may have been bred to a Romney ram one year and a "down" ram the next. 

Results from the use of the two types of sires are tabulated in Table 

II, page 32. 

None of the breeders interviewed make a practice of putting 

the ram with the ewes before the first of September. A few breeders have 

in the past tried putting the ram in the middle of August, but were 

unable to have enough ewes served before September to warrant continuing 
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Table III 

Conception Rate 
Aid Recovery From Abortion 

Ewe TinsNtnnber ¡Interval IDays From Days From C.L. at 

Bred of From tAbortion toEstrus to Castration 

i 
ConoeptionsConoeption Return of Castration 

_____: 
: 

to AbortionEstrua 
: 

Li2A i i Not Aborted 

1414A O O - -- lo i 

146A i i 23 9 10 1 

L.8A 2 1 23 114 10 1 

L9A i i 23, 16 lo i 

50A i i 214 6 9 i 

14239B 1 1 25 18 10 1 

176B 1 1 27 28 10 1 

106B i 3. 2]. No return - i 

107B 2 0 -- -- 10 0 

112B i i 23 No return -- O 

bOB 2 0 -- -- 10 i 

58B 2 0 -- -- lo i 

12J.lB 3 0 -- - 10 2 
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this practice. By turning the ram in too early, there were still 
individual ewes that conceived late in the season, The result was an 

even longer lambing operation than normal. 

No correlation was found between the birth date and the sub- 

sequent lambing dates of an individual, An effort was made to correlate 

the date of a ewe's first labing with her subsequent lambing dates. 

No correlation was found. An analysis of variance was cputed to 

determine if owes of a flock will maintain a relative order of lainbing 

within the flock throughout their lifetime, If ewes do maintain a 

relative order of' ].ambing, then it could be assumed that individuals 

of a flock lambing late in the season should be culled if a flock of 
early lambing ewes is to b e developed. 

The statistical analysis gave satisfactory indication that 

a late laznbing ewe of a flock will lamb late each ye in comparison 

'with the other ewes of the flock, The order of lambing in the flock 

analyzed is given for l9L, l91S, and l916 in Table I page 36. 

An "f" of 2.22 for the variation between ewes is necessary for a high 

degree of significance. An "f" value of 3.86 was found for the 

variation between these 2L ewes, 

Additional support to the rather conclusive evidence that 

individuals maintain a relatively constant order of lambing is 

furnished by a detailed study of Table IV, page 36. For purposes of 

computation, a converted variable value was substituted for each numer- 

ica]. rank with the first 12 ewes receiving plus values and the last 12 

receiving minus values. Converted values were taken L rom Fisher and 

Yates (28, Table xx). In the total converted variable values the 



Table IV 

The Lambing Order of Twenty-four tomney Ewes 
Over a Three-Year Period 

l9I4 lli5 l9t6 Total 
Numerica]. Converted Numerical Converted Numerical Converted Converted 
Rank Value Rank Value Rank Valus Value* 

i 1., h .96 3 l.Zli 14.l 

2 1J? 21 -lJJ 13 - .32 - .09 
2 1.37 3 l.2h S .BOS 3.ìilS 
Ii l.Olp 14 .96 5 .8o 2.805 
s .805 6 .665 1 1.95 3J20 
s .805 16 - .37 13 .32 .115 

7 .60 9 .315 ]. - .32 .595 
8 .h8 17 - .S1 13 - .32 - .38 
9 .37 8 .18 13 - .32 .53 

10 .26 6 .665 2 1.50 2.125 
11 .16 19 - .73 20 - .96 -1.53 
12 0 21 -1.1l.i 23 -1.50 -2.61,, 

12 0 9 .315 7 .60 .915 
114 - .16 2 1.50 14 1.01 2.38 
15 - .37 U O 10 .156 - .2114 
15 - .37 17 - .Sli 10 .156 - .7514 

15 - .37 11 0 19 - .73 -1.10 
18 - .60 11 0 13 - .32 - .92 

19 - .73 1 1.95 9 .37 1.59 
20 - .88 20 - .88 10 .156 -1.6014 
21 -1.014 23 -1.50 20 - .96 -3.50 
22 -1,214 15 - .26 22 -1.214 -2.714 
23 -1,50 U 0 8 .1,,8 -1.02 
214 -1.95 214 -1.95 214 -1.95 -5.85 

I3Linimuin significant difference in totaled converted values at 5 
percent level is 3.86. At the 1 percent level, approximately 5.00. 
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minimum significant difference at the percent level is 3.86. At the 

3. percent level the minimum significant difference is approximately 5.00. 

In the event of ewes lainbing on the same day equal credit was given. The 

following four points should be noted 

1. Four of the five ewes to lamb first during 19) remained 

in the first five for the three-year average, 

2, Four of the five ewes to lamb late during l9)4 remained 

in the last five for the three-year average. 

3. The first ewe to lamb in l9).h had the highest average 

for the three years. 

1. The last ewe to lamb in l9L lambed last in 19b5 and 

19b6, 

Pedigree study of these two groups of ewes afforded little 

information. The number of ewes studied was too small to allow statis- 

tical analysis of the pedigrees. All of the group A owes had a common 

sire and trace through this eire to an imported rain. This imported 

individual . so appears in the pedigrees of all of the group B ewes. 

Five ewes of group B showed an inbreeding coeffiecient to this cmon 

ram. L2-lB and l76B had an Fx of 18.75 percent, 106B and 1O7B which 

were fu]]. sisters had an Fx of 12.5 percent, ewe bOB had an Fm of 

9.37 percent. In computing the coefiecient of inbreeding (Fx), the 

method set forth by Lush (148, p. 365-367) was used, There was no apparent 

correlation between the birth dates of the experimental ewes and those 

of their respective ancestors, 
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Ewe L2-39B was marked by the ram on July 26 and again on 

August 12. Ewe 112B was marked by the ram on August 1 and again on 

August 19. A regular estrual cycle was not initiated on any of these 

dates and laparotomy in e ].y September failed to confirm ovulation, 

Occurrence of the first estrae arid ovulation in the flock 

were observed in ewe ¿8A on August 28, The latest initial occurrence 

of estrae and ovulation was in ewe L2-39B on October 23. Onset of the 

estrual cycle with confirmed ovulati on bad occurred in all oup A ewes 

by September 26. Figure II, page 39 shows the first occurrence of 

ovulation and estrus in the experimental ewes. Solid bars indicate the 

time after September 1 each year when conception took place according 

to lanibing dates and allowing ]J.8 days as the period of gestation. 

The open bars indicate when these sane ewes first actually showed heat 

and ovulation during the fall of 19146, 

Assuming that each observed corpus luteum represented an ovum 

shed, the ovulation rate for 18 eatrual periods In group A was 1.28. 

For 21 estrual periods in group B the ovulation rate was 1.38. This is 

not a significant difference. Silent heat was definitely confirmed in 

only two ewes. Both of these individuals were in group B, No difference 

in the frequency of ovulation was noted between the right and left ovary, 

Ewe 142A was bred during the first heat and although two corpora lutea were 

present, birth was given to a single lamb. 

Five ewes of group A were inseminated. Four of these ewes 

conceived after one insemination and one ewe conceived after the second 

insemination. All 8 of the group B ewes were inseminated and four 

conceived after one insemination each. Three of the owes in this group 
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were inseminated twice and one was inseminated three times. None of 

the latter four eres conceived. The resulting conception rate was 

83.3 percent for group A ìd 30.7 percent for group B. These data 

are tabulated in Table III, page 3. 

Afl. four of the group A ewes showed estrus and ovulated 

within an average of ll,2S days after induced abortion. Two of the 

group B ewes ovulated and came into estrus on an average of 23 dare 

(Table III, page 31i,) after abortion was induced The remaining two 

ewes of group B did not return into estrus and were castrated 30 

days after induced abortion. At the ttme of castration a fresh corpus 

luteum was observed on the left ovary of one of these ewes, Table III, 

page 3h. 

In obtaining vaginal swears it was noted that with the 

exception of the estrual period there was a variation between the 

physical consistency of the mucus on the cervix and that of the 

vestibule of the vagina. Cyclic changes in the cellular content, physical 

properties, and amount of vaginal mucus were observed. Characteristic 

smears occurred in the various stages of the estrual cycle, but the change 

from one type to another was gradua]. and the duration of each snar stage 

was quite variable. Length of each swear stage was as variable in an 

indi'vidual as it was between individuals. Although the cellular content 

followed a definite trend, there was a good deal of variation in 

actual percentage of content of each type of celi. Judging from 

observations made with the experimental ewes, only three main types of 

smears were isolated. 
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The most consistent arid characteristic smear observed occurred 

during estrus. At this stage of the cycle voluminous aiioimts of clear, 

thin, viscous mucus appeared in the vaginal tract, This smear s 

characterized by the sudden appearance of large numbers of cornified. 

cells, Figure III, page 14. Leukocyte8 and nucleated celia iere 

present in approximately equal proportions. Toward the end of estrus, 

the mucus began to thicker and turn white. In some instances white 

flakes were observed in the early stages of this thickening process, 

Metestrus was characterized by the appearance of a thick, 

dry, cheesy smear occurring between the second and sixth days f ollovdng 

estrus. The appearance arid duration of this smear was quite variable. 

The cellular content of the smear at this stage was the most striking 

of those observed. It was marked by extreme numbers of cornifiod celle 

and leukocytes accompanied by a virtual disappearance of nucleated 

cells (Figure III, page 13]), The leukocytes continued to increase 

reaching a maximum concentration four days after estrus. As the 

leukocytes increased, the cornified cells decreased and the nucleated 

cell content began to rise. 

No striking difference between the smears taken at diestrus 

and proestrus was noted. The physical consistency and amount of mucus 

during the last seven or eight days of the cycle were quite variable. 

Generally, dium. to amai.]. amounts of thin, clear, or milky mucus were 

observed at this time. The physical appearance of mucus during these 

stages was comparable to that seen during early pregnancy, L high 

content of nucleated epithelia].. celle was characteristic of smears 
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Table V 

Testioular Reeponsee of Day-Old Chicks 
To Injections of 10mg. of Sheep Pituitary Powder 

Ree Number Average Standard ror 
of Chicks Testie vt. of the Mean "t" 

142393 11 26.16 1.73 .31466 

1421413* 8 17.77 2.03 2.3800 
58B 8 26.66 2.03 .14870 

1073 9 22.91 1.91 .71403 

1123** 6 25.30 2.314 .01452 

176B 8 22.146 2.03 .8677 

6 25.15 2.314 Standard for 
Comparison 

146A 11 22.37 1.73 .95143 
U3A 9 214.O2 1.91 .37314 

149A 9 22.21 1.91 .9716 
50A 7 22.01 2.17 .9030 

Control 6 11.15 2.314 4.22L.5 

* Ewe had never lambed. 
** Not oastrated prior to removal of pituitary. 

5 percent significance level of "t" with 86 degrees of freedom is 
2.00 

1 percent significance 3avel of "t" with 86 degrees of freedom is 
2.66 



¿Ei'II! u. ftffW 
'I..... 

!iIidu 

LfdIfl I 

. 

I 4 s si , S. S. 

a. 

I : i 

S.S.--.. 

a. 
S.. 

r 

_________________ 

IJ1!R!FU!Iilr r;us:::r: 
In 

!: 
s 

: 
n! J ! : il z : . .1 Ill I ! 

:: 

3 

I!llPII .....ø 

L1 
a 

. u WI 
a 

1111111111 1101111 
IMIIiIllHlllllluIlllluIll11011IllhillllllllhIIlluillrillll111111hIIohIIIt a m:;mpp' I 

Oh:. J 
I hIibuI 

. 
....... 

qq 
IHllIflu1I1I(iIIIiIiII11I11uiitIiI 

.t, I ¡lillEIhUs::iuIIL wIIllhIIIøiihIIll 
if 

. 

s.. 

...a..a... 

a..... 

r' 

.....mwrnuwrnuuumium; a . 

I!I0SII_ """'IIPs 1PIm . j.:s:u:: ! .: 

I I: b 

i 

I 

ihilkill .......... 
;$ Ill!InI!!IidIhu::u:u! I g ...hugn:u!flhflfthhøIhI!i 

.. 
, 

I 

r I 
! 

q:: 

: 
.a....a... 
.u........ 

pPfIIIuuui::: 
., 

C) .::h:uum:::Ih: 

i;..) 

.... 

o-I 

I. 

. 

I 

. .. u 

II!Îli 

.a.... a! . 

. 

.... 

h:i:41 
......-.. 

a .ffp: 
. LIh !IHIIuIl1011:zuiu:u: 

..a.aa.... 

. ifuINffffl 
s ...a........... 
. 
..#a........ .. . 

J10luI11pifq 

tIII 

zj 
i if:11::1i1uuffhU 

:11 

...u......p 

.......a...u$.a:. IiiIÎ:r . ....p.. a..u..... 

. dff:u!ii.0 i !zv''uI .. :. ------------------- ,_ y.a..ou.aoo 
a.. ,,........ 
. Lqqj!IH! 

.... 
: 

...... 
i 1!IIIIIH 

I:IbIOIIIIII..iIjIIlII: 

..-- .. .. 

:: 

!hIIhP:I3I::iI! 
.. iIllllÍi . ... 

ggg.......gu.. 

t 
.. S 

. ; : s :.gpg r :: gs:r: , ... ,1PIS . 4 .r 3_juaSI ... 
i: 1 
.. ... r a.. .:gugb..:j.:. : .u:ug I1IIIIIIIIII. . . .!HH!!!H!W 

:::r.:uu 
a.iuiIj.I........I 



tan st these stagos Fluctuation or leukocytea and cornified ceil 

content was shown by these ears with a rise in leukocyte content 

three days bfore estrus. 

The cellular cosiposition of emeare taken at various stages 

of the oetrua]. cycle is shown graphicaUy in Figure III, page l. 

Platea I to IV are microphotographs of typical sars obtained frc 

the experimental ewes during their eatrual cycles. 

Resulta of the pituitary test on day-old chicks are tabulated 

in Table V, page Li3. A highly significant increase of testicular 'ieight 

'was obtained in al]. of the injected chicks. The only 8ignificant 

difference of pituitary potency observed between ewes was in the case 

of ewe I2-14B. This ewe has no record of ever lambing, and injection 

of her pituitary elicited cignificarztl.y low response. The pituitary 

of ewe 112-B was removed before castration and gave a response comparable 

to that of the ewes which had been castrated for a period of 90 days. 

In computing "tj' e ¿4sA was used as a basis of comparison for the 

other individuale. Figure IV, page W illustrates the distribution of 

individual testicular weights of the experimeital chicks in relation to 

the mean weight of the group. 



l'iata I 

Vaginal mear (b8A) five dqs before estrua. 
Note large proportion of nucleated cells. X lO 

b b. 

.. «I 

Vaginal smear (lA) three d e before e etrue. 
Note leukocytes. 1 150 

Ysginal sar (hl4A) estrus, 

Large cornified cells and absence of nucleated cells. X iSO 



Plate II 

Vagina). smear (SOA) three days after Utriis. 
Masses of corrifisd cilla and leukocytmi. 1 150 

LØT. 

Vaginal sar (OA) fonr dare after eetrne. 
Cornifled cells disappearing, 

large percentage of leukocytes etiU present. X 150 

Vaginal smear (b9A) seven d i s after estrus. 
Consists almost entirely of nucleated cells. X 150 



Vaginal smear (176B) five days before estrus. 

!4n!!!!!!$ eaUi. I isO 

Yaginsi sar (176E) two days before estrus. 
Yew 3aukocytea appearing. I iSO 

- Vaginal smear (176B) citrus. 
Large cornified cella with few nucleated cells. I isO 



Vagina]. ar (bOB) two days after estrus. 
Cornifled cefi 11th large pcentage of 3.eukocytea. X iSO 

yÌuÍ 

Vaginal sasar (176B àrtays aftez iiti'us, 
Mixture of leukoqtee, cornified, arid nucleatd cells X 150 

: 

A 
Vaginal smear (].76B) eigztdaye after estrus. 

Mathly nucleated celle. X 150 



Discus8ion 

Information obtained from different areas indicates that as 

compared to Line and medina wool breeds, lat breeding is a character- 

istic to be found in Romney sheep. This conclusion has been borne out 

by investigations of Cole and MiUer (12, p. b) and Thompson 

(6, p. b78-b79). 

The review of literature has shown that factors stich as 

nutrition, hormone adid.nietration, and light control wiU modify the on- 

set of the breeding season of sheep, but with the return of normal con- 

ditions the seasonal pattern characteristic of each breed re-establishes 

itself. In some breeds such as the Merino (31, p. 6) and Dorset 

p42, p. 18-27) ewes have the capacity to breed at almost amy season of 

the year. Bell (, p. 1) has shown that over haLf of the observed 

mature Ramboulliet ewes could have been bred as early as June Inve s- 

tir;atiøfls with long wool and mutton type s indicate that the onset of the 

breeding season is in the fai]. (S2, p. 139), 0,6, p. bu), (36, p. 98). 

Xelley and Shaw (b2, p. 27) observed that breeds vary as to earliness 

of breeding and that this is reflected in crosses of breeds. Thompson 

(6h, p. 8c) found that crossbreds usually have a breeding season nid- 

way between that of the two parent breeds. Cole and W(ller (16, p. bS) 

found Rc»nney-Rambouillet crossbred eses to have an averao breeding 

season beteen that of the two parent breeds, 

From information auch as this it cari be deduced that the 

time of the onset of sexual activity is an individual breed character- 

istic, which like othor breed characteristics has a genetic basis. As 
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with all genetic characteristics, variation on either side of the 

average can be expected to occur. 

Data from flocks included in this study indicate considerable 

variation does occur in the breeding season as computed from the la 

ing dates of Romney ewes The fact that the ram may be at fault is 

indicated in Table II, page 32. Observation of the two groups of 

ewes in the experimental flock establishes that variation in the 

occurrence of heat and ability to conceive is found in individual ewes 

or groups of ewes (Figure II, page 39 and Table I, page 32.) 

The two groups of experimental ewes showed a marked differ- 

ence as to the onset of heat during the fall of 191i6. This differ- 

ence was not as great as that indicated by previous libing records 

of the two groups (Figure II, page 39), onset of heat in the high 

fertility group was quite consistent as compared to their previous 

records, In the low fertility group, the onset of estrus was earlier 

in 19b6 than was to be expected from previous lambing records It is 

quite possible that being on a high plane of nutrition these ewes dis- 

played heat at a time which had been a tsilent heats' period during their 

previous seasons Grant (32, p. 802) has advanced the theory that 

increased nutrition wifl convert. the first "silent heat" into a normal 

estrua]. period. 

Results obtained from insemination of' the two groups, Table 

III, page 31, indicate that although the low fertility group ovulated 

at the saine rate as the high fertility group, they have a lower percen- 

tage of conception. This situation may be due in part to incomplete 

preparation of the genital tract for implantation of the fertilized ovas. 



Although fertilization may occur, the fertilized ova fail to implant 

ïn the uterus. It can also be postulated that ova shed by this group 

were not mature or in a condition to bring about complete fertilization. 

A difference between the two groups either in the hormone 

level or capacity of the organs to respond is reflected by the ability 

to return to estrus after surgical removal of the fetus in those ewes 

that conceived (Table III, page 31j), Incomplete hormonal stimulation 

in the low fertility group following removal of the fetus may be 

indicated by the fact that one of the ewes at time of castration had 

a fresh corpus luteum but had failed to display heat. 

Examination of ewe )2-LlB revealed an a bnormal anatomical 

structure of the reproductive tract, It was impossible to pass the 

speculum fully into the vagina of this ewe due to the presence of a 

strong sphincter muscle anterior to the vestibule. The uterine horns 

and cervix were under-developed and the cervix was abnormally long 

laying in the shape of an "5". In this particular case it is quite 

probable that pregnancy was prevented solely by mechanical impediment 

since normal ovulation and estrual cycles were displayed. 

A comparison of the management and feeding practices found 

in the two flocks from which the experimental ewes were selected would 

afford an indication as to the cause of the different levels of fertil- 

ity. However, since most of the ewes in the low fertility group were 

purchased as mature animals, it is difficult to compare adequately the 

two flocks on the basis of lifetime nutrition because the early nutri- 

tional history of the low fertility group is urtkno',m. Ewes of the high 

fertility group were in much better condition at the beginning of the 



experinent and were much more uniform in type tììan those of the low 

fertility group. 

£we &2-39B was marked twice by the ram within a period of 2h 

hours during July 2 arid 26 and again on August 12. Exandnation of the 

vulva ori each of these datea disclosed a slight swelling accnpanied 

by the presence of a liberal anount of thin mucus within the vagina and 

on the lips oÎ the vulva. A vaginal smear taken on August 16 had the 

phyalcal characteristics of a typical metestrus smear, but was compoaed 

of approxizately equal numbera o1 leukocytes and nucleated epithelial 
cells. Practically no cornified ceils were seen. The breeding season 

was not initiated on these dates and laparotoy iii early Septber 
failed to confirm ovulation during these indications of heat. It is 

possible that the ewe -was caught by the rem and marked forceab].y. 

Considering the condition of the vulva and vagina in conjunction with 

the interval bétween markings , it is quite likely that heat without 

ovulation did occur. The vaginal smear taken four days after the second 

marking would also point to the possibility of an incomplete occurrence 

of normal estrus. The mucus had the physical operties to be expected, 

but the cellular content was different than that generalir found at the 

metestrus stage, McKenzie and TerriU (53, p. h7) and McKenzie, Allen, 

et alu (So, p. 280) report heat without ovulation as occurring in ewes. 

However, McKenzie and Terril). observed this to occur tourd the end of 

the breeding season, Due to the interval between indicated heat and 

laparotoniy, a corpus luteum may have been missed at the time of the oper- 

ation. If ovulation did occur, the physiologies). condition was not at 
the proper state to allow initiation of a normal breeding season. 



3we 112B wa niarked by the ram on August 1j and again on August 

19. Vaginal snnar taken on the latter date had the phyBical appearance 

of true estrual smears, but were copoaed almost entirely of nucleated 

cells nd a few cornified cella. Leukocyte were practically absent in 

these smears. A cheeey smear wa taken on August 29th. It was coriposed 

almost entirely of leukocytee, but contained a few cornified and nude- 

ated cells in approximately equal numbers. This smear dieplayed one oÍ 

t heaviest concentration8 of leukocytes seen in any of the vagina]. 

smears. o further indications of heat were shown by this ewe until 
October 9 at which time ovulation was confirmed. Laparotomy in early 

September failed to confirii ovulation during August as no corpora lutea 

'were seen. 

Another possible indication of heat without ovulation was observ- 

ed in ewe 107t3. This ewe was castrated ten days following the third ex- 

hibited heat period. The ovaries were closely examined, but no corpora 

lutea were identified, which would indicate that ovulation had not occur- 

red at the last heat period. Initial onset of the breeding season in 

this individual was on October 10. Fxamination of the ovaries at the 

ti confirmed ovulation. Two old yellow bodies were seen on the left 

ovary which would indicate that at least one 'silent heat" had occurred 

prior to displayed estrus. Insemination at two different heat periods 

failed to produce pregnancy in this ewe. 

Tisse possible failures to ovulate during heat are further indi- 

cation that in ewes of low fertility either the hormona stimulation is 
incomplete, or the organs do not properly respond to stimulation. It 
is significant that no indication of abnormal or incomplete astrusi 

cycles 'was noted in the high fertility group. 



Indication of the inheritance of fertility ie shown by a 

comparison of eiea 1078 and 10613. m.ee two ewes are tid.ns that were 

dropped in March, 19O. Records show that for five seasons ewe 10713 

lambed once and thit was on Uarch 27, 196. Ewe 10613 lambed three 

tim.. during this same period with an average lambing dat. of $mroh 

10. The first heat shown in the taU of 19I6 wee on October 10 for 107B, 

an October 17 for ewe 106B. we 10713 displayed heat without ovulation 

and fai]ad to conceivt when inseminated on two different eatria1 periods. 

we 1068 conceived with one inseTnination, but fat. ]e d to return to heat 

within 30 days after re12ova1 of the fetus. At the end of this 30 days 

the ewe was castrated and one fresh corpus luteum was observed which 

would Indicate that ovulation had occurred, but heat was not detected 

by the r. 
It is he writer's opinion th cssr1i.ona of this nature 

will afford one of the moat valu*ble aids available in improving the 

fertility of sheep. Unfortunately, there are few complete records 

kept by sheepnan that lend themselves to accurate aa1ysis. Most of the 

available records stake da,n and sire progeny comparisons over a period 

of years quite difficult A syste. ( record keeping that 'will place 

sorne emphasis on fertility and lanbing dates is essential if a progr 

for the improvement of fertility in sheep is to attain any degree of 

success. Such recorde will entai]. little sore if as much ti*e as is 

devoted to ee lystems of record keeping now used by certaIn breeders. 
Culling of only a few barren or low fertility ewes would provide more 

than adequate returns for the time involved in the keepIng of workable 

recorde. Initiation of such a prorazu could be the responsibility of 



the registry association working in conjunction with the Agricultural 

Extension Service. Stricter requirements for registration would help 

improve record keeping. As exauple, some associations require only 

the month of birth, not the date, to be given in an application for 

registry, Surely such laxness does mot stimulate interest in the 

accuracy of record keeping. The association could iss.ie standard 

record keeping forms which would be subject to inspection at ail times. 

Forms could be set up in such a manner that progeny comparisons could 

be made quickly and accurately. 

Until standard forms are set up by the associations, Individual 

breeders can devise their own record forms, Such forms need not be 

elaborate, but they should be kept on the basis of lifetime production. 

A complete ad up-to--date record of each female's actual production 

will provide an excellent basis for the selection of replacement breeding 

stock. Too often replacement ewes and rns are selected on the basis 

of physical characteristics without due emphasis placed on t he fertility 

records of their respective dams and sires, 

In setting up a system of records the entire reproductive 

history of each individual should be kept on a single page of the record 

book. Most records that are being kept today list the ewes in lambing 

or numerical order for each year. This makes It difficult to evaluate 

the p formance of any single individual, Ewe records should include: 

1. Birth date of the ewe 

2, Number of days each year from the time the ram is turned 

in until the lambing date, 



3, Number of tintes bred each season before settling. 

b. Identification of the rani used each year. 

. Number of lambs dropped and the relative rank or order 
of lambing within the flock each year. 

6. Fertility records of progeny. 

Other pertinent data could be included according to the desire 

of the breeder, Records of rants can be as detailed as the breeder deems 

advisable, but should at least include the pi,rcentage of ewes settled 

and number of services performed during the breeding season. If such 

data were abailable, it would not be many years beftre animals could 

be selected on the basis of a more accurate knowledge of their 

fertility background. 
The pedigree study provided insufficient data for any con- 

clusions at this time. Tracing of the pedigrees was done with the hope 

that low fertility and late ].anibing could be associated with certain 

lines within the breed. A rain imported into this country in 1929 

appeared in the pedigree of all of the ewes in both groups. Five of 

the eight ewes in the low fertility group have an inbreeding coefficient 

to this rani ranging front 9.37 percent to 18.75 percent. This may be an 

indication that concentration of this individual' s blood wiU cause a 

lowering of fertility. An extensive study of this sire 's progeny is 

necessary before a'iy conclusions of this nature can be made. 
Since this imported rani was used very extensively for a 

number of years, it is quite probable that he appears in the pedigree 

or most individuals of the Rcmiey breed in this locality. Some of 

the Rney breeders of this area who have been in the business for 

a long time recall that several years ago a few lambs were dropped during 
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the last week of December. At the present time very few Roinney ewes 

lamb as early as the last few days of January. The problem of late 

lamnbing in the Romney sheep of this area is a canrative].y recent 

one if the memory of these breeders can be accepted as reliable. 

Early importations of Romney sheep into this country may have 

been of early lamnbing stra1ns Subsequent ram importations may have 

been based on body type and fleece rather than fertility, Consequently, 

late ].ainbing and low fertility may have been introduced, Further 

detailed study along this line might prove quite valuable to breeders 

in the selection of rams for future importation. 

In the pedigree study no correlation was noted between the 

birth dates of individuals ad those of their respective ancestors. 

Before a thorough study of this factor could be made, it would be 

necessary to have information as to (1) the date rams were turned in 

with the ewes and (2) other managennt and environinifital factors that 

would affect lanbing dates, 

No statistical significance was found between the birth dates 

of ewes and their subsequent lanbing dates, This is probably due to 

variability of environmental and management factors from year to year, 

In such a computation it would also be necessary to determine and 

evaluate the influence of the rani from year to year, 

The relative order of lambing in a group of 2L ewes with the 

records for three consecutive years was analyzed, Table IV, page 36, 

Ewes were listed in order of lambing for each of the three years and 

equal rank given those lanbing on the same day, A high significance 

of va'iation between these ewes was found. In other words, the individual 
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order of 1&ibing was closely mairitined by each ewe. The9e results 

indicate a simple basis for selection toward early libing. 

By culling the last five ewes which lambed in 19hL, only the 

consistently late laibing ewes of this flock would have been disposed 

of. For the three-year average, four of these ewes were among the 

last five to lamb. Although the other individua], dici not remain in 

the last five, she was near the middle of the lambing season ja l95 

and l9i6. scm, errors will be made if flocks are culled in this manner, 

but results shown in the group analyzed point to a moderate degree of 

accuracy. Until some simpler and more accurate method is devised, 

this basis of culling may be used to advantage in flocks where late 

lambing is a problem. 

The few potential early lambere that might be culled through 

application of this system will be compensated for by the removal of 

the very late lanbing individuals. Generally, late lambin ewes are ot 

low fertility. This is not always true, but more barren seasons are 

found in the records of late lanbing ewes than in t he records of early 

lairing eses. 

Results obtained in this study indicate that vaginal smears 

can be used only as a general guide in determining the stage of the 

estrual cycle in ewes. The technique employed in obtaining vaginal 

smears did not afford a critical diagnosis of exact phases that have 

been obtained by workers in the study of laboratory animals. Individual 

variation in cellular ccxttent of the smears at different stages of the 

cycle was as great within ewes as that observed between ewes of high 

arid low fertility. 



Until more critica], methods of obtaining and staining smears 

are developed, the diagnostic value of vaginal smears wiil be limited. 

The physical consistency of the vaginal contents can be used as a guide 

in checking estrus as determined by the ram and in the employment of 

artificial insemination. Insemination should be done vhen a voluminous 

amount of thin, clear mucus is present. Results obtained in this 

study indicate that such a smear is characteristic in ewes at the 

height of estrus. 

No significant difference in the gonadotropic hormone potency 

of the pituitary was noted between the high and low fertility groups. 

AU chicks injected mith glandular tissue showed a very significant 

testicular response over the control chicks vuiich were injected with 

pure physiological saline. The pituitary from e'vm 1241B elicited a 

low testicular response at the percent significance level, Table V, 

page ì3. This individual had not lambed in four seasons and failed to 

conceive after being bred three times in the fai]. of l9L6, In addition 

to the apparent low potency of the pituitary, this ewe had an under- 

developed and abnormally shaped genital tract. It may be postulated 

that an inherently low pituita' y potency resulted in an abnormal develop- 

ment of the genital tract. 

Ewe l].2B was not castrated prior to removal of the pituitary. 

Injection of her pituitary into six chicks gave as great a testicular 

response as that found in the othr groups of chicks. This is not in 

accordance with the findings of other workers who have determined that 

the gonadotropic potency of the pituitary increases after castration. 

It is difficult to postulate the cause of our results with this ewe if 
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results obtained by Warwick (69, p. are accepted. By testing of 

sheep pituitaries castrated at different seasons, Warwick found that 

the stored potency of the pituitay is not significantly affected by 

the season in which castration is done, 

Results obtained in the pituitary potency test carried on 

with the ewes in this experiment would indicate that there was no 

significant difference in pituitary potency betuen the high and low 

fertility groups. More work should be done on critical testing of 

relative pituitary gonadotropic potency oi sheep before any definite 

conclusions may be reached. The unexpected results obtained with ewe 

U2B suggest that the technique employed may be subject to doubt, 

If accuracy of the pituitary test is accepted, it can be 

assumed that with the possible exception of ewe Li2-11B, the differences 

in fertility of these ewes were not due to a difference in levels of 

pituitary gonadotropina. A possible cause of the difference in ]e vela 

of fertility may be the capacity of the organs to respond. This is a 

problem that merits investigation since the difference in ability 

between g roupa to return to eatrus following induced abortion, Table III, 

page 3h, indicates that the group B ewes have eithe a low ]evel of hor- 

monal stimulation or have an inferior capacity to respond. 

"Chick unit" values were not computed for each ewe, because 

due to orrore in sexing of the chicks, not enough individual testicular 

weights were obtained, 
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Summary and Conclu6ions 

3.. The breeding 5eason of sheep can beáLtered by a change 

of environmental factors or hormone administration. 

2, Under normal conditions, the tizne of onset of the sexu1 

season is a breed characteristic with variations found Within the breed, 

This indicates that fertility and time of breeding and conception are 

inherited characteristics. 

3. These studies indicate that delayed conception and a pro- 

longed lambing season in Romney sheep may be influenced either by the 

ram or by the ewe, 

1.. At the time of observed ovulation, there was no significant 

difference in the ovulation rate between enes of high and low fertility. 

. The rate of conception in the high fertility group was 

83.3 percent and 30.7 percent in the low fertility group. 

6. Low fertility ewes may not conceive until several heat 

periods have occurred. Thïs would indicate either a low receptivity 

of the genital tract, the production of iimnature or oth'wise faulty 

ova, or the entrapment of ova in the follicle. Hormonal stimulation may 

be cumulative in effect, and a preparatory period of sexual activity may 

be necessary before a condition of complete receptivity in the repro- 

ductive organs is reached. Failure of pregnancy to persist may be due 

to insufficient cievelopnient of the corpus luteum. 

7. Low fertility ewes have less ability to return to e strus 

after induced abortion than do high fertility ewes, 
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8. Estrus was dieplred in late July and August by two 

low fertility ewes. Laparotoiny fat led to confirm ovulation on these 

dates and the sexual season was not initiated at this time in eitlEr 

of the ewes. Initiation of the breeding season arid estrus with 

ovulation did not occur in these individuals until late fall. 

9, Ovulation without eatrus and estrus without ovulation 

were observed in the low fertility group. No abnormal or incomplete 

estrual periods were seen in the high fertility group, 

10. A more complete and accurate system of record keeping 

should be adopted by sheepmen. Such records should afford comparisons 

as to the fertility of ewes and rams and fertility of their offspring. 

U, Five of the eight ewes in the low fertility group had 

an inbreeding coefficient to a rain imported in 1929. The inbreeding 

coefficients to this individual ranged from 9.37 percent to l8.7 

percent. 

12, No significant correlation was found between the birth 

dates of Individuals and those of their respective ancestors. 

13. No statistical significance was found between the birth 

dates of individual ewes and their subsequent and respective lambing 

dates, 

11, Ewes maintained their relative order of lanbing within 

a flock to a significantly high degree. On this basis records for one 

lambing season might be used to c nil late lambing individuals from a 

flock. 

is. In this study the physical characteristics of the vaginal 

smears were a more reliable criteria of estrus than the cellular content. 
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Three distinct physical s tages were found to occur in the vaginal 

content s * 

a. Estrus - voluminous, thin, clear mucus. 
b. Metestrus - thick, dry, cheesy mucus. 
c, Die strus and proestrus - medium to small amounts of 

thin, clear, or milky mucus, 

The duration and occurrence of each type of smear was quite variable, 

16. Leukocytes and cornified cells increase at estrus and 

continue to increase for two to four days. The smears taken midway 

between heat periods were characterized by a large proportion of 

nucleated oeils, 

17. No significant difference was observed in smears of 

the high and low fertility ewes. perhaps a more critical technique 

would show differences in smears of these ewes, 

18. The only ewe to show a significantly lower pituitary 

potency in comparison to the other individuals was a ewe with an 

abnormal reproductive tract. This ewe failed to conceive In five 

different seasons, 

19. The pituitary test that was used indicated no signifi- 

cant difference in the gonadotropic potency between the low and high 

fertility groups. 

20, All chicks injected with pituitary material shod a 

significant testicular response over that of the controls. 

21. The pituitary from a low fertility ewe that had not 

been castrated elicited as much response in the test aniiials as did 

pituitaries from ewes that had been castrated, 
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22. If accuracy of the pituitarr test is accepted, it can 

be assumed that with the possible exception of one individual, the 

dfferent levels of fertility in the exçerimental ewe5 was not due to 

differences in levels of pituitary gonadotropins. A «eakness of the 

test employed is that only the residua]. or stored gonadotropins were 

measured. Further research should be dono with sheep to deterndne if 

this method of testing reflects the relative pituitary potency to be 

found during the breeding season. 

23. Investigations should be done in ciparing the ability 

of low and high fertility ewes to respond to hormone stimulation. 
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