
South Dakota State University South Dakota State University 

Open PRAIRIE: Open Public Research Access Institutional Open PRAIRIE: Open Public Research Access Institutional 

Repository and Information Exchange Repository and Information Exchange 

Electronic Theses and Dissertations 

1981 

Alteration of the Anestrous Period in Targhee Ewes Alteration of the Anestrous Period in Targhee Ewes 

Charles C. Moser 

Follow this and additional works at: https://openprairie.sdstate.edu/etd 

Recommended Citation Recommended Citation 
Moser, Charles C., "Alteration of the Anestrous Period in Targhee Ewes" (1981). Electronic Theses and 
Dissertations. 4042. 
https://openprairie.sdstate.edu/etd/4042 

This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research 
Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Electronic Theses 
and Dissertations by an authorized administrator of Open PRAIRIE: Open Public Research Access Institutional 
Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu. 

https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/
https://openprairie.sdstate.edu/etd
https://openprairie.sdstate.edu/etd?utm_source=openprairie.sdstate.edu%2Fetd%2F4042&utm_medium=PDF&utm_campaign=PDFCoverPages
https://openprairie.sdstate.edu/etd/4042?utm_source=openprairie.sdstate.edu%2Fetd%2F4042&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu


ALTERATION OF THE ANESTROUS PERIOD 

IN TARGHEE EWES 

BY 

CHARLES C. MOSER 

A thesis submitted 
in partial fulfillment of the requirements for the 

degree Master of Science, Major . in 
Animal Science, South Dakota 

State University 
1981 



ALTERATION OF THE ANESTROUS PERIOD 

IN TARGHEE EWES 

This thesis is approved as a creditable and independent 

investigation by a candidate for the degree, Master of Science, and is 

acceptable for meeting the thesis requirements for this degree. 

Ae:c:eptance of this thesis does not imply that the conclusions ---- - ,_- ...l LCc1L.UCl1 

by the candidate are nec e ssarily the conclusivns of the major 

department. 

A. L. Slyte/ / 
Thesis Advi~ 

// - John R~ Romans 
~Head, Animal Science Dept. 

Date 

' 'ua t:e ' 



ACKNOWLEDGMENTS 

I wish to express my sincere appreciation to Dr. A. L. Slyter, 

Professor of Animal Science, for his assistance, guidance, suggestions 

and criticisms during my graduate study and the preparation of this 

thesis. 

Thanks are expressed to James Murray, Shepherd, and the Sheep 

Unit staff at South Dakota State University for their cooperation in 

helping secure the experimental data. Acknowledgment is also due to 

Dr. W. L. Tucker, Experiment Station Statistician, the entire animal 

science staff and especially my fellow graduate students for their help, 

encouragement and friendship. 

The author wishes to thank his wife, Patty, for her help in 

the preparation of this manuscript and especially for her encouragement 

and patience. Special thanks are extended to Margie Thorn for typing the 

final manuscript. 

The author is truly indebted to these people, without whom this 

project would not have been completed. 

CCM 



TABLE OF CONTENTS 

Page 

INTRODUCTI ON . . • • 1 

REVIE\v OF LITERATURE 
•• 

2 

Types of Stimuii Affec ting the Occurrence of Estr us 2 

Photoperiod 2 

Pineal Gland . 4 

Lu teinizing Hormone (LH) and Prolactin . 4 

Melatonin 7 

Breed of Ewe o 10 

Season and Tempera ture . 11 

MA'l'~KiALS ANV t'lli'l'H01JS 13 

RESULTS AND DISCUSSION . 18 

SUMMARY 24 

LITERATURE CITED • 26 

APPENDIX • 31 



LIST OF TABLES 

Table Page 

1. LEAST SQUARES MEANS FOR DAYS TO FIRST BREEDING MARK 
FROM THE START OF EXPERI.MENT . . . . • . . . . . . . 19 

2. LFAST SQUARES MEANS FOR LATENT PERIODS AND LENGTH OF 
LAMBING PERIOD . . . . . . . . . . • • . . . • 19 

3 ." EFFECT OF TREATMENT ON PERCENTAGE OF EVlES LAMBING 21 

4. WEIGHT OF LAMB BORN PER EHE LAl-fBED AND SEX RATIOS 21 

5. MULTIPLE BIRTHS PER GROUP 

6. LEAST SQUARES MEANS FOR BEGINNING AND ENDING WEIGHTS 
AND WEIGHT CHANGES DURING THE STUDY . . . c • • • • 

22 

23 



LIST OF APPENDIX TABLES 

Table Page 

1. LEAST SQUARES ANALYSIS OF VARIANCE FOR DAYS TO FIRST 
BREEDING MARK--TREATMENTS 1 THROUGH 5 . • • • 31 

2. LEAST SQUARES ANALYSIS OF VARIANCE FOR LATENT PERIODS-- f 

TREATMENTS 1 THROUGH 5 . e • • • • • • 31 

3. CHI SQUARE ANALYSIS FOR NUMBER OF EWES LAMBING PER 
GROUP--TREATMENTS 1 THROUGH 5 31 

4. LEAST SQUARES ANALYSIS OF VARIANCE FOR KG OF LAMB BORN 
PER EWE LAMBED--TREATMENTS 1 THROVGH 5 • . . • . • • . • 32 

5. CHI SQUARE ANALYSIS FOR SEX RATIOS BY MALE:FEMALE LAMBS 
BORN PER TREATMENT GROUP--TREATMENTS 1 THROUGH 5 . . . . 32 

6. LEAST SQUARES ANALYSIS OF VARIANCE FOR STARTING 
WEIGHT--TREATifENTS 1 THROUGH 5 . . • • • • . 32 

7. LEAST SQUARES ru~ALYSIS OF VARiru~CE FuR ENDI~G 
WEIGHT--TREATMENTS 1 THROUGH 5 . D • • • • 33 

8. LEAST SQUARES ANALYSIS OF VARIANCE FOR CHANGE IN '\TEIGHT 
DURING 53-DAY EXPERIMENT . . . • • • • . • o • • • • 33 



INTRODUCTION 

Under natural conditions , s heep a re considered polyestrous 

seasonal breed ers . Estrus o c curs as da y length starts to decrease in 

the fall. The ability t o extend this r es t ricted breeding season to a 

year-round breeding s e ason would make i t possible for sheep to produce 

two lamb crops p er year . Th is offers many a dvantages to the industry. 

Economi c p ressu re could be spread ove r two l amb crops per year instead 

of one. Year- r ound lambing would even out h i gh a nd low price 

fluctuations c aused from s e a s onal production. Packing plants wou l d be 

spared the enduring ef f ec t s of over and under sup p l y. Producers could 

better budget and utilize their manpower inventorie s by planning the 

breedi ng a n d lam bing periods t o tit their labo r av ailabi l ity. 

1 

The followi ng experiment wa s initiated to gain insight into the 

effects o f light r e g imens and/or hormone manipul a t i on on the onset of 

estrus in a n estrous ewes. 
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REVIEW OF LITERATURE 

Sheep are seasonally polyestrous animals that begin their 

sexua l activity during the period of the year of decreasing day length. 

The question of inducing estrus in the anestrous ewe has brougp t about 

many theories. A series of previous experiments have been conducted 

observing the effect of controlled photoperiods and hormone stimula tion. 

A review of the effect of artificial light and hormone manipulation on 

induction of estrus in anestrous ewes is presented in the following 

sections . 

Types of St imuli Affecting the Occurrence of Estrus 

Photoperiod . Photoperiod is thought to be tl1e dominant factor 

regulating sexual activity in ewes (Yeates, l9q.7) . Attempts by Newton 

and Betts (1972) to influence estrus revealed that the type of light 

made no d ifference. However, artif:~ial photo patterns caused estrus to 

occur earlier. When ewes were subjected to an abrupt increase in light, 

16 hr artificial light for 42 days followed by an abrupt decrease to 

8 hr of light, sexual activity of treated ewes occurred 35 days earlier 

than normal . Walton et al. (1977) exposed ewes to 6 hr light and 18 hr 

darkness with the change being made abruptly on the longest day of the 

year. Ewe s subjected to short days expressed an ovulatory estrus 

20 days earlier than control ewes on natural day length. Experiments of 

Ducker and Bowman (1970b), Ducker et al. (1970a) and Newton and Betts 

(1972) support this finding. 



Grocock and Clarke (1974) postulated that it is not length of 

light or dark periods but rather the time when these effects occur that 

has the greatest altering force. They suggested there exists an 

endogenous circadian rhythm where animals are sensitive to light at 
f 

different times of the day. This circadian rhythm has been revealed in 

work with the vole. The normal breeding season for the vole is spring 

and summer . During fall and winter, vole testes hypotrophy and sperm 

counts decrease . In spring, the reverse occurs. Voles kept under 
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artificial light similar to a normal breeding season, i.e., 15L:9D (lights 

on 0900 to 2400 hr), had normal testes weights of approximately 304 

milligrams. Another light ·pattern, 3L:9D:3L:9D (lights on 0900 to 1200 

hr, 2100 to 2400 hr), resulted in testes ~eights of 334 milligrams. This 

lighting pattern, 3L:9D:3L:9D, had 60% less light hours than the control, 

15L:9D, but maintained testes weights greater than the controls. 

While 6 hr of light in the 3L:9D:3L:9D pattern maintained ·~estes 

weight greater than the controls, 6 hr of light in the 6L:18D regimen did 

not. The pattern of 6L:18D (lights on 0900 to 1500 hr) resulted in testes 

weights of 133 milligrams. A lighting regimen of 3L:2D:2L:16D (lights on 

0900 to 1200 hr and 1400 to 1700 hr) resulted in smaller testes weights 

(128 mg). This was different (P< . 05) from the control (15L:9D) or the 

~L:9D:3L:9D regimens. It appears that length of light stimulus is not as 

important as when the stimulus occurs. Perhaps the stimulant in the 

treatment of 3L:9D:3L:9D was not the two 3-hr light periods hut rather 

the 9-hr dark stimulus between the lighted times. Hart (1950) reported 



that a pattern of 4L:2D:4L:l4D was more advantageous than 4L:8D:4L:8D 

in inducing early estrus in Suffolk ewes. 

4 

Pineal Gland. Rats , when exposed to constant light, experience 

hypotrophy of the pineal gland; darkness causes hypertrophy (Fis ke et al., 

1960). Wurtman et al. (1964) observed continuous light to stimulate 

incidences o f increased estrus. However, darkness suppressed the 

occurrence of estrus. Extraction of the eyes and superior cervical 

ganglia blocked the effect of continuous light. Pinealectomy of rats 

caused ovarian and anterior pituitary hypertrophy (Wurtman et al., 1959). 

Protein-free pineal extract (PPE) administered t o pinealectomized rats 

prevented hypertrophy of both the ovaries and anterior pituitary. Thus, 

it appears that the pineal gland has a stimulatory effect on the ovary 

and pituitary , while itself being stimulated by light. Roche et al. 

(1970c) invest igated the effects of pinealectomy on ewes and found no 

difference in the time of estrus. Grocock and Clarke (1974) found that 

the inhibitory lighting pattern on voles referred to earlier, 6L:l8D, 

could be blocked by pinealectomy. It should be noted those animals 

revealing the most effects from pinealectomy were nocturnal animals 

(Roche et al., 1970c). Perhaps these effects are due to an endogenous 

circadian rhythm. 

Luteinizing Hormone (LH) and Prolactin. Work done by Roche 

et al. (1970b) supported earlier findings that peak LH level~. occur in 

the ewe at the onset of heat. They also reported LH concentrations 

decreased from May to July during anestrus. Denamur et al• (1973) and 



Schroff et al. ( 1971) reported that LH and p ro l a ctin are both necessary 

for ovine c orpus luteum (CL) maintenance . Th e y found that 5 mg of 

Follicle S t i mulating Hormone (FSH) per day was inadequate to prevent 

luteal r egression in hysterectomized, hypophysec t omized ewes. LH alone 

' and mixtures of FSH and LH were insufficient, also. However, when a 

combina t i on of 500 i.u. prolactin and .25 ~g LH were injected intra-

muscula r ly daily, the CL was maintained comparable t o that observe d in 

the hys terectomized ewes prior to hypophysectomy. Niswende r (1974) 

report e d when prolactin levels were suppressed t o approximately 1% of 

5 

those obsel~ed in control ewes that no difference i n luteal function was 

detecte d. This indicates that a very small quantity of prolactin is 

nee d ed to mainLain CL c.c.tivity. Anestrous levels of LH i u e wes weL"e 

repor ted undetectable; but, when ovariectomized, ewe s e rum LH levels 

increase d (Roche et al., 1970c). It has been rep orted ewe pituitary LH 

levels i ncreased between days 1 and 1.5 of the estrous cycle, whereas 

serum LH levels remained constant (Roche et al., 197Gb). These workers 

also fo un d that during proestrus pituitary serum LH l evels were depleted 

by 88%, supporting work reported by Robertson and Rakha (1966) and 

Dierschk e and Clegg (1968). 

Based on observed levels of FSH, LH , progesterone and prolactin, 

Walton et a l . (1977) concluded that sexual activi t y dur i ng the fall 

breeding season in the ewe was brought about by the decreasing level of 

prolactin . In experiments in which 2-bromo-a- e rgocryptine (C~-154) have 

been admi nistered to ewes, serum levels of prolactin have been reduced 

(P<.01) whe n c ompared to controls receiving no trea t ment (Niswender, 

1974.). Re su lts obtained by Schanbacker ( 198 0) concurred with this r e sponse 
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to CB-154. In h is experiment, ewes were i n jected intramuscularly daily 

with 1 to 2 mg o f CB-154. Results showed prola ctin levels to be equal 

to that of n a tural night time basal levels. He felt this decrease in 

antigona dotropic hormone (prolactin) was due to the decreased day 

length of the fall season. Walton et al. (1 977 ) r evealed an increase 

of prolactin in ewes during anestrus and a decrease prior to ovulation 

as qetermined via daily blood collections. They stated that the de crease 

was hastened in those e\ves on short day treatments. This idea of 

decrea s i ng prolactin in the fall was supported by wo r k done by Schanbacker 

(1980) and Walton et al. (1977). However, Schanbacker acknmvl e d g ed that 

Clun Forest ewes expos ed to short day lengths or t r eated to depress 

prolA.c t i .n synthesis d i d not -------- __ ..... _ ..... _ 
C:::AiJ.LtOO tOL-i.Ub any ear l i e r than the controls. 

Blask and Reite r (1975) found that blinding and anosmia resulted 

in ·depressed prolactin levels in female rats. They also reported that 

this dual sensory deprivation caused a decrease in body weight an? a 

significant hypotrophy of the reproductive and accessor y sex organs. 

m1en the p ineal gland of these same animals was removed , t he effects of 

blinding and anosmia were removed. Blinding alo n e had no effect on 

reproductive organ size (Reiter and Ellison, 1970). Work done by 

Relkin (1972) supported a pituitary prolactin d ecr ease following blinding 

and anosmia. 

Serum prolactin levels were reported to b e more elevated during 

proestrus and estrus in the rat than during dies t rus (Amenomo! i et al., 

1970). Three weeks following ovariectomy rats were found to have signifi-

cantly reduced serum prolactin levels. When 5 ~g est r a diol benzoate were 
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administered to these rats for 5 days, a s ignifica nt increase in both 

pituitary and serum prolactin was seen. Ratner (1964) determined that 

estrog en caused an increase in prolactin by block i n g the prolactin 

inhibiting factor. High levels of progesterone were correlate d with low 

levels of prolactin during pregnancy in the ra t (Amenomori et al., 

1970). During anestrus, the ewe has no function i ng CL, resulting in 

minima l p r ogesterone production. As previously s tated (Walton et al., 

1977), t h ere was an increase in prolactin in ewes dur i ng anestrus and 

a decrease prior to ovulation. Increased estrogen during estrus was 

thought t o be responsible for increased prolactin syn thes i s in the rat 

(Ratner, 1964). Meites and Turner (1949) described p r oges t erone as 

capable of inhibiting increased prolactin due to small dos e s of es t rogen. 

Another interpretation is that the low levels of estrog en are responsible 

for low prolactin levels during pregnancy. These conf licting reports 

indica ~e a need for further investigation into the controlling mechanism 

of prolactin. 

Melatonin. Melatonin, a hormone synthesized i n t h e pineal gland, 

has a greater productivity during natural darkness than during daylight 

(Rollag e t al., 1976, 1978). Soon after the dark phase begins, melatonin 

concentrat ions increased eight- to tenfold in the ewe. This increased 

nighttime level coincides with the long nights , short days of the 

breeding s eason in the ewe. Possibly sheep monitor the longer length 

of fall darkness through the increased melatonin levels due t~ darkness 

(Rollag et a l., 1978). Hydroxyindole-o-methyl transferase (HIOMT), the 

enzyme responsible for the biosynthesis of melatonin, was found in the 
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retina and pineal gland (Nagle et al., 1972; Ralph et al., 1971). The 

hypothalomo-hypophyseal axis was thought to be the target organ of 

melatonin (Rollag et al., 1978). A circadian rhythm in this enzymatic 

activity has been observed in the rat (Nagle et al., 1972; Axelrod 

I 

et al., 1965; Rollag et al., 1976; Klein and Weller, 1970). Ralph et al. 

(1974) observed a similar rhythm of melatonirt in the pineal bodies of 

White Leghorn cockerels. Maximum production in the retinal area occurred 

during light stimulation. However, the pineal reached greatest melatonin 

production during darkness. They also observed that constant light 

abrogated variations in both the retina and pineal gland. Ralph et al. 

(1971) deduc ed from in vitro studies that rat pineal glands produced more 

melatonin in darkness and less in light. This observation adds additional 

support to the circadia n rhythm idea. Work done by Roche et al. (1970a) 

revealed again a circa dian rhythm of melatonin. When melatonin was 

administered to golden hams ters, no ~ffects on ovulation or the timing of 

LH release were observed (Bex et al., 1978). In pinealectomized rats, 

significant increases in pituitary LH were observed (Frashini et al., 

1968a); but, when melatonin was administered, pituitary lli levels declined 

(Frashini et al., 1968b). Castrated ewes were described as producing 

more serum LH from days 15 to 30 postcastrated than from days 1 to 14 

(Roche et al., 1970a). This indicates that the pituitary has the ability 

to adjust to the effects of castration. Castrated ewes continually 

infused with melatonin revealed an inhibitory effect on LH secretion 

(R h t 1 1970 ) Adams et al. (1965) reported that female rats oc e e a ., a . 

receiving daily injections of melatonin had increased pituitary LH 
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stores. Roche et al. (1970a) found that castrated ewes with or without 

pineal glands experienced an increased serum LH level. They indicated 

that the pineal was not the dominant force regulating LH in the ewe. 

Pituitary LH stores were not affected by pinealectomy nor by the infusion 

t 
of melatonin. Finally, ewes showed LH peaks after progesterone impla~ts 

were r6moved while being infused continuously with melatonin. 

Bex et al. (1978) have presented the idea that melatonin acts 

upon the hypothalmo-hypophysial axis to block prolactin release in male 

hamsters. Both exogenous melatonin and exposure to a short photoperiod 

suppress ed gonadal funct ion in the hamster (Tamarkin et al. (1976). This 

suggested that each has a common mediator , i.e., the pineal gland. An 

obse1vRtjon mAde by Reiter (1974) as interpre ted by T&uarkin et. al. 

(1976) indicated melatonin may act within the pineal gland and not as a 

pineal hormone. Tamarkin et al. (1976) found that pinealectomized 

female hamsters showed blocked antigonadal effects of administere~ 

melatonin. This observation is supportive of the thought that melatonin 

reacts within the pineal rather than as a pineal hormone. 

Hart (1950) postulated that added hours of darkness during the 

fall result in more hours of increased melatonin production which overlap 

the sensitive periods of the circadian rhythm. Rollag et al. (1978) has 

indicated that sheep given endo&enous melatonin during estrus will 

lengthen the cycle; but, when melatonin was given during anestrus, the 

reverse occurred. Melatonin given to rats inhibited ovarian growth 

(Wortman et al., 1963a) and delayed the occurrence of the next estrus 

(Wortman et al., 1963b). 
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The literature reveals different responses to melatonin between 

nocturnal and diurnal animals. Because of these differences, continued 

research is needed to determine the role of melatonin in initiation of 

estrus in the ewe. 

Breed of Ewe. Genetic variation among breeds of sheep through-

out the world affects major aspects of reproductive performance. Studies 

on the breeding season (Hafez, 1952a) have revealed significant breed 

differences among periods of maximum sexual activity . Dorsets were 

observed to maintain maximum sexual activity between September and 

December, while Suffolks experienced estrus October to February. 

Leicesters revealed maximum estrus to be November to December. Duration 

of breeding season was anoth~r observation dif~er~ng among breeds as 

reported by Hafez (1952a). The shortest mean length of breeding season 

was observed in Leicester ewes (131 ± 11.7 days) and the longest found 

in Dorsets (223 ± 13.7 days). Within the breeding season, different 

breeds disp layed considerable variation in the number of heat cycles per 

ewe. Hafez (1952b) reported a significant difference among breeds at 

the onset of first estrus. Cole and Miller (1935) reported Hampshires 

and Rambouillets to have an earlier breeding season than Southdown, 

Shropshires and Romneys. 

Variat ion in prolificacy can be seen among breeds caused from 

diffe·L"ent ovulation rates during the same breeding season (Hanunond, 1921; 

Henning, 1939) . Age plays a role in prolificacy. Turner and~ Dolling 

(1965) report ed that most ewes are fertile for at least 10 years but 

have the greatest potential for multiple births at 6 and 7 years of age. 
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Season and Temperature. Lifetime lambing performance is 

affected by the time of year at which parturi tion takes place. Lambs 

born early (January and February) will have more time to mature sexually 

before their first fall breeding season. Length of the breeding season 

is aff ected by latitude. Sheep originating in high latitudes have a 

shorter breeding season than those at the equ~tor (Yeates, 1947; Hafez, 

1952a). Continuous year-round breeding occurring in tropical regions 

may be due to selective breeding or photoperiod stimulation (Yeates, 

1947). 

In one study (Dutt and Bush, 1955) first estrus was 8 weeks 

earlier for ewes treated with cold temperature compared to controls 

exposed to natural day-lo-uay temp e ratures. Tweuty-f=lve e"Jes were 

contained in a 40.8 m2 air-conditioned room IDaintained at 4.4 C. 

Control ewes wer e housed in the same size area but in the confines of a 

conventional barn with no temperatu: e manipulation. Work done by 

Godly et al. (1966) confirmed that decreased temperature enhanced the 

onset of estrus. 

Vesely (1975 ) detected a correlation in number of lambs born 

per ewe between breeds and the time of breeding. Ducker and Bowman 

(1970a) bred 100 Suffolk ewes during each of two periods (May to July 

_and February to March). They found that for 100 e\ves bred in May to 

July 62 lambs were born, whereas 113 per 100 ewes were born for those 

ewes bred in February and March. 

Current literature leaves many questions unanswered and provides 

no precise mechanism responsible for estrus. In the hope of gaining 
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insight into this underlying mechanism, the study reported herein was 

designed to study the effectiveness of altered photoperiods, hormone 

manipulation and combinations of the aforementioned on inducing estrus 

in anestrous ewes. 
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MATERIALS AND METHODS 

The study reported herein consisted of fifty anestrous 6-year-old 

Targhee ewes treated with artificial photoperiods and/or hormones to 

stimulate the onset of estrus. Ewes were randomly allotted to one of the 

following five treatment groups: (1) group 1 ewes served as controls 

and were maintained outdoors, exposed only to natural daylight throughout 

the study (ND), (2) group 2 ewes were maintained outdoors, exposed to 

natural daylight plus receiving 1 mg 2-bromo-a-ergocryptine (CB-154) and 

12 ~g melatonin per day (ND + CB-154 and Mel), (3) group 3 ewes were 

housed inside, treated only wi th artificially extended darkness, 8 hr of 

light and 16 hr dark (8L:16D), (4) group 4 ewes were housed inside and 

- exposed to artificia l ly extended darkness (8L:l6D) plus receiving 1 mg 

CB-154 per day (8L:l6D + CB - 154) and (5) group 5 ewes received artificial 

extended light for 28 days (16L:8D) followed by extended dark. (8L:16D) for 

the remaining 26 days (16L:8D-8L:16D). 

This experiment started July 4, 1980, and concluded August 26, 

1980. Ewes used in this experiment had been transported from the 

Antelope Range Field Station, Buffalo, South Dakota, to the SDSU Sheep 

Unit just prior to the start of the experiment. Prior to the start of 

this experiment, the ewes were paint branded for easy identification, 

·their necks sheared to aid in venipuncture and their feet were trimmed. 

Animals received 1.84 kg chopped hay and .45 kg cracked ~orn 

each morning from July 4 until July 31. Starting August 1 through 

August 24, each ewe received 2.27 kg chopped hay and .45 cracked corn 

each morning. 

3 701~ 5 

SOUT y 



) Intact, fertile Suffolk rams were used for breeding and were 

with the same group of ewes for the duration of the experiment. Rams 

were semen t ested at the start of the experiment. A SPE Electro 

Ejaculator was used for collection. Semen was evaluated for motility, 

concentration, morphology and live-dead counts . Motility and concen

tration were evaluated by the hang ing drop technique . Morphology was 

evaluated with the live-dead stain technique. 
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Rams were painted 7 to 10 em ahead of the penis twice daily with 

a grease and wool paint mixture and exposed to the ewes continuously. 

Ewes were examined daily for breeding marks. Marks were recorded as 

good, fair or poor. A good represented a direct mark on the tail head, 

with a fair being less than 10 em to either side. A mark more than 

10 em to eith er side of the tail head was designated poor. To maintain 

ram weight through this 53-day period, each ram received an additional 

aftern0on feeding of .45 kg cracked corn. 

Treatment groups 3 (8L:l6D) and 4 (8L:16D + CB-154) were housed 

together in a temperature controlled lightproof room. Temperature was 

maintained at 21.1 C by heating and cooling systems within the building. 

A Honeywell 153 multipoint fixed cycle recorder was used to monitor 

any changes in temperature. Maximum fluctuation was 4 C. 

Ewe s in groups 3 (8L:16D) and 4 (8L:16D + CB-154) were allowed 

1.62 m2 pen space per animal. The floor within the holding area was 

solid concrete except for a 60-cm wide grated gutter along the east wall. 

This floor was scraped daily and gutters flushed three times per week. 

Water was suppl ied to ewes from a stock tank via an automatic float valve. 



15 

Group 5 (16L:8D-8L:l6D) ewes were allowed 2.34 m2 per animal. 

The floors were comprised of two 2.43-m wide slotted areas with a 1.52-m 

wide center concrete alley. Water was supplied through automatic bowl 

fountains. 

Artificial light sources in each room were provided by 660 watt, 

cool white fluor escent lights located 289 em ~bove the floor. Light 

schedules were controlled by Intermatic time switches. 

Group 1 (ND) and 2 (ND + CB-154 and Mel ) were kept outside 

without shelter in a pen providing 3.90 m
2 

per ewe. Water was provided 

in the same way as for groups 3 (8L:l6D) and 4 (8L:l6D + CB-154). The 

pen area was dirt, shaded at one end by elm trees. 

Group s 1 (ND) and 2 (ND + CB-154 and Hel) were maintained in 

natural dayl ight and ambient temperature. Gruups 3 (8L:16D) and 4 

(8L:l6D ;- CB-154) were maintained under artificial light. Lights came 

on at 0930 hours . This 8-hr photop (~iod was chosen as it represented 

the mean natural day length of the fall breeding season. Group 5 

(16L:8D-8L:16D) was introduced to an abrupt increased artificial day 

length (16L:8D) for 28 days followed by a sudden reversal to 8L:16D for 

the remainder of the experiment. 

Ewes in group 4 (8L:16D + CB-154) received injections right after 

the lights came on at 0930 hr and just prior to lights off at 1700 hours. 

The widest time span possible between injections was used in an attempt 

to suppress maximum prolactin production in both groups 2 (ND -~ CB-154) 

and 4 (8L:16D + CB-154). Injections of .5 mg of 2-bromo-a-ergocryptine 

(CB-154) per ml of carrier (60% ethanol and 40% saline ) were administered 
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intramuscularly in the gluteal region of groups 2 (ND + CB-154 and Mel) 

and 4 (8L:16D + CB-154). To compensate f o r t raveling time between light 

controlled laboratories and ewes at the farm , which were 1.609 km apart, 

CB-154 inj e c tions for group 2 (ND + CB-154 and Mel) were administered 

1/2 hr later than group 4 (8L:16D + CB-154 ) . 

Gr oup 2 (ND + CB-154 and Mel) ewes receive d. daily subcut aneous 

mela t o n in injections at a level of 3 ~g per ml i n a 100% ethanol 

medium. Five ewes of the ten were given one 4-ml injection at 1800 hr 

daily. Th e remaining five received 1-ml injection s each hour for 4 hr 

beginnin g at 1800 hr daily. It was decided that the injection volume 

was too large, so on July 12, the volume of carrie r was reduced to 

one- fourth of the originaJ l2vels. TI1ose ewes receivirig one 4-~1 

inject i o n were given one 1-ml and individuals receiving 1-ml inject i ons 

were r e duced to .25 milliliter. The 1-ml injection was delivered in 

three to four different areas of the auxiliary space. All syringe-s used 

for both CB-154 and melatonin were labeled with a ewe's number to prevent 

a ewe from being injected twice or i nadvertently missed. Inoculate was 

kept at 4 C in 10 cc bottles with rubber stop p e r s . During injections, 

containers were kept on ice. 

Two 10-ml blood samples were collected f rom each ewe once 

weekly by jugular venipuncture, one for plasma and one for serum. Samples 

were collected between 1100 and 1200 hours. Plasma blood samples were 

collected in tubes containing 143 USP units s od i um ·heparin. ~lasma 

samples were kept on ice and serum samples were allowed to stand at room 

temperature. An International centrifuge, Size 1, Model SBV, located 
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in a walk-in refrigerator, was used to harvest plasma and serum. 

Heparinized plasma samples were immediately centrifuged upon completion 

of bleeding. Serum samples were allowed to stand at room temperature 

for an average of 70 min before spinning. All blood was harvested after 

spinning at 150 G for 25 min at 0 C. Sera and plasma were stored at 

-24 C for future assay. 

Statistical analyses were performed on normally distributed 

data by least squares procedures (Steel and Torrie, 1980). Duncan's 

New Multiple Range Test was used to separate means for factors having 

significant F values. Binomial data were tested using Chi square 

analysis. Independent Chi square values were determined to identify 

~ignificatlt tTea tment effects. A probability level of less the1 _n • 05 

was considered as the maximum level at which significance was accepted. 

Analysis of variance and Chi square values were determined from 

parame ·ers sho~m in appendix tables. 
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RESULTS AND DI SCUSSION 

A d ifference (P<.05) in days to fi r s t bree ding mark is shown 

in table 1. Based on breeding marks, group 5 (16L:8D-8L:l6D) came into 

estrus 1 week earlier than group 3 (8L:1 6D), 2 weeks before group 4 

(8L:16D + CB-154) and 3 weeks before groups 2 (ND + CB-154 and Mel) and 

1 (ND) . Testing among treatments using orthogona l contrasts reveale d 

trea t me n ts · ! (ND) and 2 (ND + CB-154 and Mel) t o be different (P<.OS) 

from the other three groups. Although a difference was observed in the 

days to first marking, no difference was found in the a verage lambing 

date (table 2). 

The numb e r of days to lambing from the start of this experiment 

is define d as the latent period . There were no differences (P>.OS) 

betwe e n l atent p e riods for the five treatment groups (table 2). This 

study f a i l ed to support the hypothesis that decreas e d day length 

enhance d estrus as found in work done by Duc ker e t al. (1970b). \fuile 

there was no absolute date for the start o f the breeding season for 

Targhee ewes, control ewes (ND) bred earlier than expected. Perhaps 

first estrus for these ewes was abnormally early due to the cooler than 

normal t emperatures recorded for South Dako ta during the summer of 1980. 

Previous studies have shown ewes must adjus t t o t reatment, i.e., 

artificial lighting regimens and hormone manipulation, before the latent 

period is de c r eased (Vesely, 1975; Schanbacker, 1980). To detect 

treatment r esponse, it may be nec essary t o initiate the experiment 

earlier to a l l ow sufficient time for such an a djustment period. 
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TABLE 1. LEAST SQUARES MEANS FOR DAYS TO FIRST BREEDING 
MARK FROM THE START OF EXPERIMENT 

No. Mean days to 
Treatment e\-les first mark 

Natural daylight 10 33.1 ± 5.23a 
t 

Natural daylight plus 9 33.8 ± 4.61a 
CB-154 and melatonin 

Controlled light 8L: 16D 10 19.1 ± 4.61b 

Controlled light 8L: 16D 9 26.0 ± 5.65b 
plus CB-154 

Controlled light 16L:8D 10 12.2 ± 4.37b 
for 28 days followed 
by 8L:l6D for 26 days 

a b ' Means with different superscripts are different 
(P<. 05) . 

TABLE 2. LEAST SQUARES MEANS FOR LATENT PERIODS AND 
LENGTH OF LAMBING PERIOD 

Average · Length 
Latent lambing lambing 

. da Treatment per1o date period 

Natural daylight 179.3 ± 3.20 1/16/80 26 

Natural daylight plus 186.1 ± 2.99 1/7/81 29 
CB-154 and melatonin 

Controlled light 8L: 16D 187.6 ± 2.99 1/9/81 9 

Controlled light 8L: 16D 181.8 ± 3.46 1/3/81 34 
plus c~-154 

Controlled light 16L:8D 178.6 ± 3.79 1/30/81 23 
for 28 days followed 
by 8L:16D for 26 days 

a Latent period is the days from the start of the experiment July 4 
until lambing. 
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Associated with days to lambing was range of days each group 

required to lamb (table 2). Although not tested statistically, an 

observed dif ference was seen. Treatment group 3 (8L:l6D) ewes receiving 

decreased dayl ight lambed within 9 days. The next shortest lambing 

period was in treatment group 5 (16L:8D-8L:l6D) with 23 days. 

A span of 43 days was observed between the first and last 

recorded breeding mark for group 3 (8L:l6D). A 43-day breeding period 

would mathmatically contain two and one-half 17-day estrus cycles. Ewes 

bred over a 43-day time span should lamb in a similar time period. 

According to breeding marks, ewes recorded as early and late breeders 

within this 43-day range were only bred once. Perhaps ewes recorded as 

breeding early in the experiment did not conceive and were bred later 

without observa1le bree ding marks. 

No difference (P> .05) in the percentage of ewes lambing due to 

treatm( ·nt was observed (table 3). 

There was no diff erence (P>.05) in total kilograms (table 4) of 

lamb born per ewe lambed. On the basis of ewes that lambed, the overall 

mean weight of lamb born per ewe lambed was 7.49 ± 1.88 kilograms. 

Sex rat ios were not different (P>.OS) among tr~atments (table 4). 

Of the 34 ewes lambing, 32% had multiple births (table 5). As 

previously reported (Turner and Dolling, 1965), 6-year-old ewes were at 

peak potential to have multiple births. Terrill (1974) has reported 

that quite often less ova are shed during the first seasonal o~ulation. 

Since only 32% of all ewes lambing had multiple births, this suggests 

these ewes could have conceived on first ovulation or at least at an 

early ovulation. 



TABLE 3. EFFECT OF TREATMENT ON PERCENTAGE OF 
EWES LAMBING 

No. No. ewes 
Trea tment ewes lambin_g__ 

Natural daylight 10 7 (70)a 

Natural daylight plus 9 8 (89) 
CB-154 and melatonin 

Controlled light 8L:l6D 10 8 (80) 

Cont rolled light 8L: 16D 9 6 (67) 
plus CB-154 

Controlled light 16L:8D 10 5 (50) 
for 28 days followed 
by 8L:1 6D for 26 days 

a Numbers in parentheses are percentages . 

TABLE 4. WEIGHT OF LAMB BORN PER EWE LAMBED 
.. AND SEX RATIOS 

Lamb Sex ratios 
Treatment born/ewe (kg) Male:female 

Natural daylight 8.4 ± .67 5:7 

Natural daylight plus 7.5 ± .84 5:1 

CB-154 and melatonin 

Controlled light 8L: 16D 6.3 ± .71 5:3 

Controlled light 8L:16D 7. 4 ± o77 5:3 

plus CB-154 

Controlled light 16L:8D 7.8 ± .67 7:4 

for 28 days followed 
by 8L:l6D for 26 days 
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TABLE 5. MULTIPLE BIRTHS PER GROUP 

Type of birth 
(number) 

Treatment Single:twin 

Natural daylight 6:1 

Natural daylight plus 
CB-154 and melatonin 

Controlled light 8L:16D 

Controlled light 8L:l6D 
plus CB-154 

Controlled light 16L:8D 
for 28 days followed 
by 8L:16D for 26 days 

4:4 

5:3 

4:2 

4:1 

There was no difference (P>.05) in ewe weight amonR treatment 
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groups at the start of this experiment (table 6). Mean ewe weights at 

the end of this study were different (P<.05). Orthogonal comparisons 

revealed groups 1 (liD) and 2 (ND + CB-154 and Mel) were different (P<.OS) 

from the other three treatment groups. Mean weight of ewes in groups 1 

(ND) and 2 (ND + CB-154 and Mel) was 7.1 kg lighter (P<.OS) than that of 

ewes in the remaining three groups at the end of the experiment (table 6). 

Weight change during the experiment was different (P<.05) among 

treatment _groups (table 6). Treatment groups 3 (8L:16D), 4 (8L:16D + 

~B-154) and 5 (16L:8D-8L:16D) gained more weight (P<.OS) during this 

study than groups 1 (ND) and 2 (ND + CB-154 and Mel). Treatment group 5 

(8L:16D) was 2.8 kg heavier (P<.05) than group 4 (8L:16D + CB 154). 

This greater weight gain of groups 3 (8L:16D), 4 (8L:16D + CB-154) and 

5 (16L:8D-8L:16D) may have been due to decreased maintenance requirements 

brought about by less exercise and decreased temperature. Although not 



TABLE 6. LEAST SQUARES MEANS FOR BEGINNI NG AND ENDING WEIGHTS AND 
WEIGHT CHANGES DUR I NG THE STUDY 

Be ginning Ending Weight 
weight weight change 

Treatment (kg) (kg) (kg) 
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Natural daylight 57 .4 ± 1. 30 57.7 ± 1.51a • .J ± .89a 

Natur al daylight plus 57.1 ± 1.30 54 . 1 ± 1.60a -2.2 ± . 93a 
CB-154 and melatonin 

Controlle d light 8L: 16D 58.1 ± 1.30 66 .2 ± 1.51b 8.1 ± .89c 

Controlled light 8L: 16D 56.7 ± 1.30 62.3 ± 1.60b 5.3 ± .93b 

plus CB- 154 

Controlled light 16L:8D 55.2 ± 1.30 60 . 5 ± 1.51b 5.3 ± .89b 

for 28 days followed 
by 8L: 16D for 26 days 

a,b" c " · 1'"1eans in the same column Y.Ji th differ ent sup e rscripts are 
differe n t (P<. 05). 

statistically different from control group 1 (ND), group 2 (ND + CB-154 

and Me~ ) ended this study with a negative we i ght gain. As stated 

earlier, group 2 received injections in which a carrier consisting of 

100% ethanol was used. It was observed tha t varying amounts of tissue 

damage r esulted in the areas of injection . Therefore, the observed 

weight decrease of group 2 (ND + CB-154 and Mel) may have been the 

result o f stress associated with injection s. 

In conclusion , no difference (P>.OS) i n mean lambing date was 

detected in t hese ewes due to treatment . These data suggest it may be 

necessa ry t o initiate treatment earlier in order fo"r the ewes~to perceive 

the stimu l i in time t o r e s pond before the natural breeding season starts. 
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SUMMARY 

Fifty Targhee ewes were used to study the effects of artificial 

photoperiods and / or hormone manipulation f or inducing estrus during the 

normal anest r ous period . Ewes were randomly allotted to one of the five 

following groups: . (1) natural daylight (ND); (2) natural daylight plus 

2-brorno-a-ergocryptine and melatonin (ND + CB-154 and Mel); (3) controlled 

light, 8 hr l ight:16 hr dark (8L:lGD); (4) controlled light, 8 hr 

light:16 hr dark, plus CB-154 (8L:16D + CB- 154 ) ; (5) controlled light, 

16 hr light:8 hr dark for 28 days f ollowed by 8 hr light:16 hr dark for 

26 days (16L:8D-8L: 16D). Ewes were continually exposed to Suffolk rams 

which were painted daily with a grease paint mixture to aid in detecting 

sexual activi. t y. 

Days to first breeding mark 'i.Jere different (P< .05) among treatment 

groups. According to breeding marks, group 5 (16L:8D- 8L:l6D) bred 1 week 

earlier (P<.05) on the average than any of the other four groups. 

There was no difference (P>.05) in t he date when lambing occurred 

after the start of this experiment among treatment groups. Perhaps this 

was due to contro l ewes breeding earlier than normal as a result of 

abnormally cool s ummer temperatures. 

While no t tested statistically, there was an observed difference 

ln the time required for each group to lamb. Group 3 (8L:l6D) lambed in 

9 days, whereas the mean lambing period for the remaining four groups was 

28 days. 

No difference (P>. OS) was found in t he percentage of ewes lambing 

per group due to trea t men t. Of t he 48 ewes exposed to rams, 70.8% lambed. 
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There was no difference (P>.OS) in total kilograms of lamb born 

per ewe lambed or in the ratio of male:female lambs born. 

Mean ewe weight among treatment groups at the start of this 

study was similar (P>.OS). At the end of this study, group 3 ewes 

(8L:l6D) were heavier (P<.OS) _than ewes in the other treatment groups .. 

There was a difference in weight change (P<.05) among treatment groups 

in that groups 3 (8L:l6D), 4 (8L:l6D + CB-154) and 5 (16L:8D-8L:l6D) 

gained more \veigh t than the control group (ND). 



26 

LITERATURE CITED 

Adams, W. C., L. Wan and A. Sokler. 1965. Effect of melatonin on 
anterior pituitary luteinizing hormone . J. Endocrinol. 31:295; 

Amenomori, Y., C. L. Chen and J. Meites. 1970. Serum prolactin levels 
in rats during d ifferent reproductive states. Endocrinol. 86:506. 

Axelrod, J., R. J. Wurtman and S. H. Snyder. 1965. Control of 
hydroxyindole-o-rnethyl transferase activity in the rat pineal 
gland by environmental lighting. J . Biol. Chern. 240:949. 

Bex, F., A. Bartke, B. D. Goldman and S . Dalterio. 1978. Prolactin, 
growth ho rmone, luteinizing horrnoue receptors and seasonal 
changes in testicular activity in t he golden hamster. Endocrinol. 
103:2069. 

Blask, D. E. and R. J. Reiter. 1975. Pituitary and plasma LH and 
prolactin levels in female rats rendered blind and 
anosmic:influence of the pineal gland. Biol. Reprod. 12:j29. 

Cole, H. ll. and R. F. Miller. 1935 . Change in the reproductive organs 
of the e'·;re '\7 i th some data bearing on their control. Amer. J. 
An at . 57 : 3 9 . 

Denamur, R., J. Mart inet and R. V. Short. 1973. Pituitary control of 
the ovine corpus luteum. J. Reprod. Fertil. 32:207. 

Dierschke , D. J. and M. T. Clegg. 1968 . Studies on the relationship of 
serum and pituitary gonadotrophin levels to ovulation in the ewe. 
J. Reprod. Fer til. 15:321. 

Ducker, M. J. and J. c. Bowman. 1970a. Photoperiodism in the ewe. 
Anim. Prod. 12:513. 

Ducker, M. J. and J. c. Bowman. 1970b. Photoperiodis~ in the ewe. 
3. The effects of various patterns of increasing day length on 
the onset o f anestrus in Clun Forest ewes. Anim. Prod. 12:465. 

~ucker, 

Ducker, 

M. J., c. J . Thwaites and J. C. Bowman. 1970a. Photoperiodism 
in the ewe. 1. The effect of long supplemented day lengths on 
the breeding activity of pregnant and nonpregnant Teeswater-Clun 

ewes. Anim. Prod . 12:107. 

M. J., c. J. Thwa i tes and J. C. Bmvman. 1970b. Photoperiodism 
in the ewe. 2. The effects of various patterns of decreasing day 
length on the onset of oestrus in Clun Forest ewes. Anim. Prod. 

12:115. 



27 

Dutt, R. H. and L. F. Bush. 1955. The effect of low environmental 
temperature on the initiation of the breeding season and fertility 
in sheep. J. Anim. Sci. 14:885. 

Fiske, V. M., G. K. Bryant and J. Putnam. 
weight of the pineal in the rat. 

1960. Effect of light on the 
Endocrinol. 66:489. 

Fraschini, F., B. Mess and L. Martini. 1968a. Pineal gland, meldtonin 
and the control of luteinizing hormone secret i on. Endocrinol. 
82:9 19. 

Fraschini, F., B. Mess, F. Piva and L. Martini. 1968b. Brain receptors 
sensitive to indole compounds: function in control of luteinizing 
hormone secretion. Science 159:1104. 

Godley, W. C., R. L. Wilson and V. Hurst. 1966. Effect of controlled 
environment on the reproductive performance of e\ves. J. Anim. Sci. 
25:21 2. 

Grocock, C. A. and J. R. Clarke. 1974. Photoperiodic control of testis 
activity in the vole, Microtus aqrestis. J. Reprod . Fertil. 39:337. 

Hafez, E. S. E. 1952a. Studies en the breeding sc~son and reproduction 
of the ewe. J. Agr . Sci., Ca.l!lb. 42:232. 

Hafez, E. S. E. 1952b. Studies on the breeding season and reproduction 
of the ewe . J . Agr. Sci., Camb. 42:189. 

Hannnond, J. 1921. Further observa tions on the factors controllirg 
fert ility and foetal atrophy. J. Agr. Exi. 11:337. 

Hart, D. S. 1950. Photoperiodicity in Suffolk sheep. J. Agr. Sci., 
Carob . 40:143. 

Henning, W. L. 1939. Prenatal and postnatal sex ratio in sheep. J. 
Agr . Res. 58:565. 

Klein, D. c. and J. L. Weller. 1970. Indole metabolism in the pineal 
gland: a circadian rhythm in n-acetyltransferase. Science 
169: 1093. 

Meites, J. and c. w. Turner . . 1949. Studies concerning the induction and 
maintenance of lactation. 1. The mechanism controlling the 
initiation of lactation at parturition. Missouri Agr. E:~i Sta. 

Res. Bull. 415. 

Nagle, c. A., D. P. Cardinali and J. M. Rosner. 1972. Light regulation 
of rat retinal hydroxyindole-o-methyl transferase (HIOMT) 
activity. Endocrinol . 91:423. 



28 

Newton, J. E. and J. E. Betts. 1972. A comparison between the effects 
of various photoperiods on the reproductive performance of 
Scot tish half-breed ewes. J. Agr. Sci., Camb. 78:425. 

Niswender, G. D. 1974. Influence of 2-Br-a-ergocryptine on serum levels 
of prolactin and the estrous cycle in sheep. Endocrinol. 94:612. 

Ralph, C. L., D. Hull, H. J. Lynch and L. Hedlund. 
rhy thm persists in rat pineals in darkness . 

1971. A melaton{n 
Endocrinol . 89:1361. 

Ralph, C. L., R. W. Pelham, S. E. HacBride and D. P. Reilly. 1974. 
Persistent rhythms of pineal and serum melatonin in cockerels in 
continuous darkness. J. Endoc.rinol. 63:319. 

Ratner, A. and J. Heites. 1964. Depletion of prolactin-inhibiting 
activity of rat hypotha l amus by e stradiol or suckling stimulus. 
Endocrinol. 75:377. 

Rei ter, R. J. 1974. Endocrinology. 
Physiology. Vol. IV, Part 2. 
D. C. p. 519. 

In R. 0. Greep (Ed.) Handbook of 
Arner. Physiol. Soc., Washington, 

Reiter, R. J. and N. H. Elli s on. 1970. Delayed puberty in blinded 
anosmic female rats: role of the pineal gland. Biol. Reprod. 
2: 216. 

Relkin, R. 1972. Effects of variation in environmental lighting on 
pituitary and plasma prolactin levels in the rat. 
Neuroendocrinol. 9:278 . 

Robertson , H. A. and A. }1. Rakha. 1966. The sequence, time and 
dura tion of the release of follicle-stimulating hormone and 
luteinizing honnone in relation to oestrus and to ovulation in 
the sheep. J. Endocrinol. 35:177. 

Roche, J. F., D. L. Foster, F. L. Karsch and P. J. Dzuik. 1970a. Effect 
of castration and infusion of melatonin on leve~s of luteinizing 
hormones in sera and pituitaries of ewes. Endocrinol. 87:1205. 

Roche, J. F. , D. L. Foster, F. J. Karsch, B. Cook and P. J. Dzuik. 1970b. 
Levels of luteinizing hormone in sera and pituitaries of ewes 
during the estrous cycle and anestrus. Endocrinol. 86:568. 

Roche, J. E., F. J. Karsch, D. L. Foster, S. Takagi and P. J. Dzuik. 
1970c. Effect of pinealectomy on estrus ovulation and }uteinizing 
hormone in ewes. Biol. Reprod. 2:251. 

Rollag, M. D. and G. D. Niswender. 1976. Radioimmunoassay of serum 
concentrations of melatonin in sheep exposed to different lighting 

regimens. Endocrinol. 98:482. 



29 

Rollag, M. D., P. L. O'Callaghan and G. D. Nis\vender. 1978. Serum 
melatonin concentrations during different stages of the annual 
reproductive cycle in ewes. Biol. Reprod. 18:279. 

Schanbacher, B. 1980. Relationship of day length and prolactin to 
resumption of reproductive activity in anestrous ewes. J. Anim. 
Sci . 50:293. 

Schroff, . C., J. M. Klindt, C. C. Kaltenback, J. W. Graber and G. D. 
Niswender. 1971. Haintenance of corpora lutea in hypophy
sectomized ewes. J. Anim. Sci. 33:268. 

Steel, R. G. D. and J. II. Torrie . 1980. Principles and Procedures of 
Stat istics. McGraw-Hill Book Company , New York. 

Tamarkin, L., W. K. Westrom, A. I. Hamill and B. D. Goldman. 1976. 
Effect of melatonin on the reproductive systems of male and 
female Syrian hamster s : a diurnal rhyll~ in sensitivity to 
melatonin. Endocrinol . 99:1534. 

Terrill, C. E. 1974. 
Fam Animals. 

Sheep. In E. S. E. Hafez (Ed.) Reproduction in 
Lea and Febiger, Philadelphia. 

Turner, H. N. and C. H. Dolling. 1965. Vital statistics for an experi
mental flock of Merino sheep: II. The influence of age on 
r eproductive performance. Australian J. Agr. Res. 16:699. 

Vesely, J. A. 1975. Induction of lambing every eight months in two 
breeds of sheep by light control with or without hormonal 
trearn1ent. Anim. Prod. 21:165. 

Walton, J. S., J. R. McNeilly, A. S. McNeilly and F. J. Cunningham. 
1977. Changes in concentrations of follicle-stimulating hormone, 
luteinizing hormone, prolactin and progesterone in the plasma of 
ewes during the transition from anoestrus to breeding activity. 

J. Endocrinol. 75:127. 

Wurtman, R. J., M. D. Altschule and U. Holmgren. 1959: Effects of 
pinealectomy and of a bovine pineal extract in rats. Amer. J. 

Physiol. 197:108. 

W. tm R J J Ax 1 d nd E W Chu 1963a. Melatonin, a pineal ur an, . ., . e ro a . . • 
substance: effect on the rat ovary. Science 141:277. 

Wurtman, R. J., J. Axelrod and L. S. Phillips. 1963h. Melaton·n 
synthesis in the pineal gland: control by light. Science 

142:1071. 



Wurtman, R. J., J. Axelrod, E. W. Chu and J. E. Fisher. 1964. 
Mediation of some effects of illumination on the rat estrous 
cycle by the sympathetic nervous system. Endocrinol. 75:266. 

Yeates, N. T. M. 1947. Influence of variation in length of day upon 
the breeding season of sheep. Nature 160:429. 

30 



APPENDIX 

TABLE 1 . LEAST SQUARES ANALYSIS OF VARIANCE FOR DAYS TO FIRST 
BREEDING MARK--TREATMENTS 1 THROUGH 5 

Source of 
variation df ss MS F 

Treatment 4 3067.212 766.803 4.01~"* 
Error 36 6883.568 191.210 
Total 40 9950.780 

** P<.Ol . 

TABLE 2. LEAST SQUARES ANALYSIS OF VARIANCE FOR LATENT PERIODS 
TREATMENTS 1 THROUGH 5 

Source of 
vAri.r~rion df ss HS F 

Treatment 4 449. Jq.6 112.336 1.56 
Error 29 2084.212 71.869 
Total 33 2533.558 

TABLE 3. CHI SQUARE ANALYSI S FOR NUMBER OF EWES LAMBING 
PER GROUP--TREA~1ENTS 1 THROUGH 5 

Values determining x2 (=4.01) 

Lambed Did not lamb 

Treatments Observed Expected Observed Expected 

1 8 6.38 1 2.63 

2 5 7.08 5 2.92 

3 7 7.08 3 2.92 

4 6 6.38 3 2.63 

5 8 7.08 2 2.92 

P<.05, x2 value 9.49 for four degrees of freedom. 
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TABLE 4. LEAST SQUARES ANALYSIS OF VARIANCE FOR KG OF LAMB BORN 
PER EWE LAMBED--TREATMENTS 1 THROUGH 5 

Source of 
variat ion df ss MS F 

Treatment 4 83.586 20.896 1.21 
Error 29 501.399 17.289 
Total 33 58l~. 986 

TABLE 5. CHI SQUARE ANALYSIS FOR SEX RATIOS OF MALE:FEMALE 
LAMBS BORN PER TREATMENT GROUP--TREATMENTS 1 THROUGH 5 

Values determining x2 (=8.22) 

Male Female 
Treatments Observed .Expected Observed Expected 

Source of 
variation 

Treatment 
· Error 
Total 

1 5 7.36 7 4.63 
2 5 6.13 1 3.86 
3 5 8.59 3 5.40 
4 5 7.36 3 4.63 
5 7 6.75 4 4.25 

P<.05, x2 value 9.49 for four degrees of freedom. 

TABLE 6. LEAST SQUARES ANALYSIS OF VARIANCE FOR 
STARTING WEIGHT--TREATMENTS 1 THROUGH 5 

df 

4 
45 
49 

ss 

45.454 
754.980 
800.434 

MS 

11.363 
16.777 

F 

.68 
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Source of 
variation 

Treatment 
Error 
Total 

TABLE 7. LEAST SQUARES ANALYSIS OF VARIANCE FOR 
ENDING WEIGHT--TREATMENTS 1 THROUGH 5 

df ss MS 

4 795.503 198.875 
43 985. 740 22.924 
47 1781.244 

** P<.Ol. 

F 

8.68** 

TABLE 8. LEAST SQUARES ANALYSIS OF VARIANCE FOR CHANGE IN WEIGHT 
DURING 53-DAY EXPERIMENT 

Source of 
varia tion 

Treatment 
Erro~ 

Total 

** P<.Ol. 

df ss -------------------
669. L~86 

3L!l . l SL!· 
1010.640 

MS 

167.371 
7~933 

F 

21.10** 
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