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Abstract:

The trial reported herein represents four years of data collected to evaluate nutritional and other
environmental effects on ovulation rate and fertilization rate in white-faced ewes managed under range
conditions, A total of 817 ewes were randomly selected over the four-year period from a band of grade
ewes of the Columbia, Targhee and Rambouillet breeds. Two age groups (mature--2-6 year olds, and
yearlings) were selected in proportion to their numbers and breed in the grade band.

Each year, approximately 200 ewes were selected, and one-half were placed on a prebreeding treatment
fourteen days pre-breeding and received a daily supplement of 227-grams of a protein pellet. The
remaining one-half of the mature and yearling age group were not supplemented and were used for the
controls.

A total of 100 mature ewes and 53 yearlings were slaughtered three days post-breeding (36 each year)
during the four years. Data were collected on ovulation rate, fertilization rate, abnormal ova and any
abnormalities observed that might interfere with subsequent reproduction.

The over-all ovulation rate for the supplemented and non-supplemented ewes was 1.36 and 1.14,
respectively. The total ovulation rate for the mature ewes, supplemented and non-supplemented was
1.53 and 1.17, respectively. The ovulation rate for the four years was 1.03 for the supplemented
yearlings and 1.07 for the non-supplemented, a reverse response to prebreed ing treatment which also
has been reported in earlier trials.

The recovery rate of the ova for the total period was 91.1 percent for the mature ewes and 92.9 percent
for the yearling ewes.

The ewes fed supplements over the four years showed a 21.9 percent increase in ovulation rate, but the
fertilization rate was 10.9 percent great er for the non-supplemented ewes than for the mature ewes.
From the 52 ova recovered from the yearlings, 47 or 90.4 percent were fertilized.

The total abnormal ova for the four years was 9.0 percent for the mature ewes and 7.7 percent for the
yearling ewes. The supplemented ewes had 4.4 percent more abnormal ova: than the non-supplemented

ewes. The abnormal ova counted for the yearlings were 1.3 percent lower than that of the mature ewes,
all of which had been fertilized.

Occlusion of the Fallopian tubes was a problem in five ewes, but it appeared not to occur in any
particular age or pre-breeding treatment.

The supplementation period prior to breeding did insure body weight gain three out of the four years
for both the mature and yearling ewes. Significant differences (P<01) in weight gain resulted due to
treatment and supplementation for each year. Age and age X supplements were found to be significant



(P<.01) in addition to treatment and supplementation for one year. The four-year analysis showed years
and supplements to attribute the most significant results (P<.01). Significant results were also found for
ages and the following interactions: Years X supplement and years X supplement X ages (P<01). Years
X ages was found to be significant at the P >.05 level:
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ABSTRACT

The trial reported herein represents four years of data collected to
evaluate nutritional and other environmental effects on ovulation rate and
fertilization rate in white-faced ewes managed under range conditions.

A total of 817 ewes were randomly selected over the four-year period
from a band of grade ewes of the Columbia, Targhee and Rambouillet breeds.
Two age groups (mature--2-6 year olds, and yearlings) were selected in
proportion to their numbers and breed in the grade band. .

Each year, approximately 200 ewes were selected, and one-half were
placed on a prebreeding treatment fourteen days pre-breeding and received
a daily supplement of 227-grams of a protein pellet. The remaining one-
half of the mature and yearling age group were not supplemented and were
used for the controls. )

A total of 100 mature ewes and 53 yearlings were slaughtered three
days post-breeding (36 each year) during the four years. Data were col-
lected on ovulation rate, fertilization rate, abnormal ova and any abnor-
malities observed that might interfere with 'subsequent reproduction.

The over-all ovulation rate for the supplemented and non-supplemented
ewes was 1.36 and 1.14, respectively. The total ovulation rate for the ma-
ture ewes, supplemented and non-supplemented was 1.53 and 1.17, respective-
ly, The ovulation rate for the four yéears was 1,03 for the supplemented
yearlings and 1,07 for the non-supplemented, a reverse response to prebreed-
ing treatment which also has been reported in earlier trials.

The recovery rate of the ova for the total period was 91.1 percent for
the mature ewes and 92.9 percent  for the yearling ewes.

The ewes fed supplements over the four years showed a 21.9 percent in-
crease in ovulation rate, but the fertilization rate was 10.9 percent great-
er for the non-supplemented ewes than for the mature ewes. From the 52
ova recovered from the yearlings, 47 or 90.4 percent were fertilized.

The total abnormal ova for the four years was 9.0 percent for the
mature ewes and 7.7 percent for the yearling ewes. The supplemented ewes
had 4.4 percent more'abnormal ova than the non-supplemented ewes. The
abnormal ova counted for the yearlings were 1.3 percent lower than that of
the mature ewes, all of which had been fertilized.

Occlusion of the Fallopian tubes was a problem im five ewes; but it
appeared not to occur in any particular age or pre-breediug treatment.

The supplementation period prior to breeding did insure body weight
gain three out of the four years for both the mature and yearling ewes.
Significant differences (P« .0l) in weight gain resulted due to treatment
and. supplementation for each year. Age and age X supplements were found
to be significant (P<(.0l) in addition to treatment and supplementation
for one year. The four-year analysis showed years and supplements to
attribute the most significant results (P<0l). Significant results were
also found for ages and the following interactions: '~ Years X supplement
and years X supplement X ages (P<<.0l), Years X ages was found to be
significant at the P>.05 level:




INTRODQCTION,

There ;s a great need for improved diagnosis of reproductive distrub-
ances in males and females, Disturbances in fertility rate of large farm
animals have been studied almost exclusively on males. With increasing
use of artificial insemination, interest has been focused on quality of
semen, and numerous investigations have been carried out on the physiology,
morphology, and cytology of the spermatozoa. Ova are not as easily‘acées-
sible for study as sperm, consequently, limited research has been conducted
along this line,

It is well known that body condition of animals at mating has an im-
portant influence on the reproductive performance. Yet, there is/little
known as to how this inf}uence is exerted. It is possible the results
could be affected at any of the following times: estrus, ovulation, ferti-
lization or implantation.

The reproductive processes of the ewe are influenced in some ways by
the nutritive status. The influence of nutrition on age of puberty, the
inverse-effect on different age groups and their subsequent production has
been established; however, it is not definitely known what cagses these
differences.

The predisposition for some reproductive disturbances may be due to
‘endocrine imbalance or hereditary factors, but the manifestation depends
usually on environmental factors, mainly stress of various kinds through
malnutrition or over-feeding, management, climatic conditions and disease.
The animal is conditiomed to a certain extent against such stress factors;
however, when the threshold of resistance is exceeded, the reproductive

disturbances become evident.
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The age of the animal may also have a'considerable influence on the
frequency and types oé infertility.

Greater attention is now being focused toward the reproductive ability
of our domestic animals. Increased knowledge of the fundamentals of re-
productive physiology and their relationship to environmental factors could'
become aﬁ'essential part in the improvement of reproductive efficiency in

our domestic animals.




REVIEW OF LITERATURE

Factors Affecting Ovulation Rate

Nu;ritioh and age

The practice of improving or increasing.the nutrition level of live-
stock, sheep primarily, for a short time just priqr to breeding (14-17
days) is often recommended as é method of increasing ovulation rate and
subsequent lambing rate. Research of this n#ture conducted in many areas
of the world indicate that this management préctice more commonly called
“flushing'" resultg in a higher incidence of multiple births. Some of the
early workers,'Héape (1899), Darwin (1905), and Aristetle (1910) commented
on the increased fertility of sheep under favorable envirommental condi-.
tions. Work at Beltsville, Maryland, by Marshali and Potts (1924) indi-
cated eiﬁher concentrate feeding or grazing ewes on lush, green pastures-
prior‘to‘and during the breeding period increased lamb production. Nichels
(1924) reported lambing rates of 150 and 125 lambs per 100 ewes supplement-
ed and nonsupplemenfed, respectively.  Clark (193%)_dbserved an increased
ovulation rate in ewes if they were below average comditiom prior to breed-
ing, but found no evidence that supplementatiom increased ovulation rafe'im
ewes of éood condition prior to breeding. McKenzie and Terrill (1937) and
Polovceva (1939) both concluded ovulation rates increased if ewes were
supplemented prior to breeding. Brigg et al. (1942) reported no evidence
during an eight-year study that a pre-breeding flushing period increased
lambing peréent. However, éhe management, rations and lengths of supple-
mental feeding periods varied from year=to-year. Also, yearling ewes were
used some years as part of the experimental flock, Darroéh et al. (1959),

Wallace (1951)$‘Hovers1and (1958),'Hoveréland et al, (1958), Hoxsey (1959),
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Casida (1959); Hoxsey et al. (1960) Reid (i960) and Metianu (1963)‘have
found an increased lambing rate in ewes supplemented prior to fall bregding
and the difference was due to more multiple births. Wheﬁ yearling ewes
were supplemented, El Sheikh et gl; (1955) reported a higher ovulation rate
but also a higher embryonic mortality rate as compafed to ewes on a lower
nutrient level when measured at forty days gestation.

Similar phenomena has been reported in dairy cattle by Reid (1963).
Bedrak et al. (1964) working with yeériing and two-yeaf-old beef heifers
. recorded higher ;vulétion rate from feeding high levels of protein supple-
ment prior to puberty. More normal embryos were found at forty~four days
gestation than in the heifers fed the lower protein ration. This work
supports earlier Work done by Wiltbank et al. .(1962)°

Gossett and Sorensen (1956 and 1959), Haines et al., (1959), and

Sorensen et al. (1961) found that gilts supplemented high energy_level ra=
tions,(70-93 therms ﬁer 100 pouﬁds of feed) also had increased ovulation
rétes° However, the data did indicate that maximum ovulation rates and
-higher embryonic survival can b; attained by reducing the energy content
of rations fed to developing and gestating gilts.

Foote et al. (1959) studied the ovulation rate an& embryo survival,
over a three-year-period, on yearling ewes. Those animals that were better
‘ grbwn out as indicated by greater body weights had the higher ovulation
rate in each of three years. 'Supplementimg the ewes three weeks prior to
breeding increased the ovulation rate in only one of the three years and

no appreciable change in body weight was found. The ygér-tgayear variation

indicated that some envirommental factor associated with years may be
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affecting embryo survival differently along with the variations in avail-
able and supplemented nutrients.

Joseph (1931) and Terrill and Stoehr (1942) repofted that ewes of
greater body weight at breeding tended to have higher reproductive rates.
Tribe and Seeback (1962)'reported that the increase in multiple births was
a response to supplemenﬁing, bgt was not related to the live weight changes
that occurred during the preﬁfé;ding treatment. However, live weights of
the ewes at breediﬁg, were related to subsequent lambing perf§rmance. The
heavier ewes‘gave birth to' more twins thanm did the lighter weight ewes.

Hulet et al. (1962) found that a sevénteenjday supplementation period
was an optimum length for increasing the multiple births in ;heep. Two
subsequent seventeen-day.periods indicated an increase in costs .and a
decline in birth rate.

Ovuiation rates for ewes supplemented prior to breediné have been com=-
pared to the non-supplemented group by somé researchers,f McKenzie and
Terrill (1937) reﬁorted 1.52 ova per ewe for the supplemented group versus
1.06 for the contfols, Wallace (1951) 1.30 versus 1.li, Hoxsgy-(1959) 1.31»
versus 1.12, and Metianu (1963) 1.81 versus 1.51, respectiﬁely,

With few exceptions, evidence indicates that prebreeding supplementa-
tion will generally increase the number of muitiple births born per ewe
bred, |

'Age has been established to have a significani effect on ovulation rate
and lambing performance. Carlyle and McConnell (1902) obéerved maximum
lamb production between three and six-year-old ewes. Goot (1951), in *

evaluating the effects of year and age as a measure of fertility, found
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both highly significant; but age accounted for sixteen to seventy-two per-
cent of the total variance in the fertility of.ewes; 'The rep;oductive rate
of sheep varies considerably from one year to another. Van Horn et al.
(1952) reported that, over a four-year period, the percent of live lambs
recorded per ewe bred varied from a low of 98.9 percent to a high of 125.1
percent. Asker and Ragab (1954) report lambing percentages in one flock
as high as 143‘percent and a low of 106 percent. Teodoreau and Rusu (1959)
observed a greater percentage of four to eight-year-old ewes produced tﬁins
than did younger orlolder ewes., Bernoco (1961) reported the percentage of
mulfiple births increased with age of the ewe up to six years,

William (1951), Hoversland gi:gl. (1958) , Hoversland (1958), Hulet -
(1959)% and Bellows (1963a) have found a slightly increased ovulation rate
in coming two-year old ewes és a possible result from the pre-breeding
treatment. McKenzie aﬁd Terrill (1937) observed that lambs and yearlings
had the lowest ovulation rate (mean = 1.21) and three and four-year-olds
had a significantl§ higher rate (mean = 1.61). five to seven-year-old
ewes had a significantly lower o&ulation rate than the three and four=year~‘
old ewes (mean = 1°46).' Edgar (1962) confirmed that the lowe: inéidence‘of
multiple births in eighteen month and two-year-old ewes was due to their
lower ovulation rate;.l.lO as compared to 1l.44 ova per ewe in the five=-year
old ewes. . |
Seasons.

Early workers, Heape (1899) and Carlyle and McConnell (1902), tended

to find increased twin births during the early bart up to the middle of the

lambing season and then a decline. More recent reports indicate that the
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highest freqqenéy of multiple oyulatiops tended to be lower early in the
breeding-season{ then rise to a peak dgring mid-season, and then deqline
toward the latter part of the seasoﬁ (Roberts, 1921; McKenzie and Terrill,
1937; Johnson, 1932; Asker and Ragab, 1954).

Reeve and Robertson (1953) postulated that the seasonal difference
could attribute to differgnces be;ween breeds and between regions. Envi-
ronmental factors, climate and nutrition, could‘qause‘variation in ovul-
ation rate between and within years. The months when ewes had the highest
ovulation rates were Séptember, October and November in the northern hemis-
phere and March, April and May in the southern hemisphere. Teodoreau and
Rusu (1959) reported that eweé in Romania have a similar decrease in the
perceﬁtage of multiple ovulations as the breeding season'progressesc
Nozdracer (1951) reported a 153 percent lamb crop froﬁ ewesrbred in Sepfem-
ber, and 127 percent from ewes bred in November and December,

Radford (1959) studied thé incidence of twin ovulations in Merino ewes
héld at a constant body weight, throughout the year. ' There was a statis-
ticélly significant variation ;hroughout thé year in the ratio of twins
to single ovulations. The major number of o&uiations occurred in late
autumn and the least'during early spring., |

The time of the.season whén first estrus occurs is commonly precéded
by-bne or more cycles when ovulation is. not accompan;ed by estrus; o? com-
monly called "quiet heat" (Grant, 1933). Laing (1955) has reported a simi-
lar situation following the last estrus of the breeding season. '"Quiet

heat'" may also be induced by stress conditions caused by extreme temperature

variations or nutritional deficiencies (Hammond, 1955; Hafez, 1952; Braden
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and Moule, 1964;'Bedrak et al., 1964).
Breeds.

McKenzie and. Terrill (1937) and Clark (1934) have reported breed
differences in ovulation rate with the'Engiish breeds producing-a greater
number of ova than the fine wool breeds. Similar work by Belloﬁs et al.
(1963a) found a highly significant (P<C.0l) difference in ovulation rate
in faver of the:Hampehire ewe as compared to.the mature Columbia ewe,
However,-the flushing period produced a significant (P<<.05) increase in
ovulation rate in the Columbia but not in the Hempshire ewes',

Climate |

ﬁigh and low atmospheric temperatures have been showﬁ to exert a det-
rimental influence om reproductive performence in sheep. Dutt et al.
(1959) repbrted high temperatures had no effect on bvulation rate or the
occurrence er duration of estrus, but did result in longer intraestrual
periods. Likewise, Ryle (1961). exposing Merino ewes to a 32° C. temperature
found no sdgnificant effect on the ovulation rate as compared to ewes kept
at a‘normal daily temperature.

Unfortunetely,‘oﬁly.limired srudies have been coﬁducted on the'effects
of cold environmental temperatures on ovulation rate although indirect '
reletlonshlps may be developed from some research that has been conducted.
EpalJevskl (1934) observed low temperatures {below 15° C.) and cold w1nds
to reduce the number of ewes exhibiting estrus by 25,8 percent. Marshall
and ﬁadmond (1948) reported in Emgland that any unfavorable climatic condi-

tions such as a snow storm or drought during breeding will result in a

corresponding reduction of multiple births the following lambing season.




Associated phenomena

It has become well established that ovulation rate increased with
increased nutritive intake prior to and during tHe breeding season in
sheep, but limited research is available expléining possible genetic,
physiological or hormonal'?ariations causing this effect.

Parlow (1942) suggested fhat some ewes may have a low génetic poten-
tial for twinning and will show no fespﬁnse to flushing.

More receﬁt wérk by Bellows et gl,‘(1963b) associated possibie phy-
siological mechanisms with.the f}ushing effegt, The results indicated that
the amount of follicular development in the ovéries of flushed ewes. is
influencéd by some coﬁbonent'of caréass weight. As neithér skeletal devel-
opmenf nor fatness appeared to be implicated, it was implied that:the‘fluéhm

ing in ewés may be associated with the increased rate of protein synthesis.

Factors Affecting Fertilization Rate .and Embryon;c Mortality
Nutrition .

Additional factors indicate in an indirect manmmer that nutrition plays
an iméortant role in influencing re'produc.tive’rates° Darroch et al. (1950)
indicated that range ewes in good condition at breeding had 11 percent
higher reproductive rates than ewes in poor conditiomn. When thin ewes were
flushed, it resulted  in much greater increase in reproductive rates (IS.i
percent) than when good conditioned ewes were supplemented (2.8 percent)
prior to breeding. -

Asdell (1949) stated tha£ malnutrition may affect the reproductive
sy#tem in a variéty_of ways, directly and indirectly, and it may také a

wide variety bf'fprms._ A multipie deficiency usually exists and can be
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attributed to the imbalance or shortage of protein, minerals and vi;amins,

Gilts fed on a continuously high plame of nutrition had a higher ovul-
ation rate but frequently exhibited a higher percent of reproductivé dis-
orders and lowered embryo survival (Robertson et al., 1951} Christian and
Nofziger, 1952; Casida, 1956). Similar results have been observed by El
Sheikh et al. (1955) with sheep. Haines et al. (1959) found embryonic
mortality to be higher in fu11=féd.gilts than in the limited fed ones; the
mortality percenkage to.twentwaive days being 27.1‘and 11.6 respectively,
and f?om twenty-five days to parturition, 9.7 and 8.5 percent respectively.
Thus, it appears that high ovulétion rate results from full feeding in
swine, but a festricted diet is necessary for optimum embryonic survival.

Wiltbank et al. (1962) studying the reproductive performance with beef

A

cattle reported that low energy levels prior to breeding lowered the con-
ceﬁtion rate. Reid et al. (1963) reported first calving dairy heifers fed
high energy rations prior to pubefty had a lower calving rate than that of
heifers reared on lower emergy levels, Yearling and two-year old heifers
individually fed rations comsisting of differemt levels of protein but simi-
lar amounts of energy, minerals and vitamins were used to study the effect
of protein intake on reproduction.. The high level protein rationmns producgd
a higher ovulation rate than the low level proteim ration. Two-year old
heifers on the higher intakes of protein had a greater number of normal
embryos at forty-four days gestation than the heifers fed the lowef protein
ration. It was suggested that the lower protein ration in some instances

may have caused ovulation without estrus to occur and therefore the heifers

were not bred. However, Clawson et -al. (1963) and Rippel et al. (1965)
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reported neither the level nor the source of protein influences litter size,
number of live pigs farrowed or birfh weights in swine. Lodge and
MacPherson (1963) indicated that the fertility rates in gilts on a low plane
of nutrition from weaning to parturitién was -not significantly diffefent
from the gilts reared on a medium‘plane of nutrition.

Climate |

High temperatures under controlled environmental conditions, show a
detrimental effect upon reproduction. Dutt and Simpson (1957) studied the
fertility rate and early embryonic death loss in ewes bred with semen from
rams kept in an air-conditioned room at 7-9° C. during the summer, and
semen from the rams kept at normal daily temperature. Thirté-eight percent’
more ova were fertilized by semen from the fams in the air-conditioned .
room. Subséquent lambing percenfages showed the ewes bred to the rams frqm
the air-conditioned room had.3§,7 percent more lambs.v Dutf et al. (1959)
exposed sheared and unsheared ewes ;n a 32° G; temperature seven days prior
to breeding. The sheared ewes had a higher fertility and embryonic survi=-
val rate, and iower percentage of-abﬁormal ova. It was concluded from
these results that high temﬁe:atures may affect the endocrine balance..

Dutt (1960) and Alliston and Ulberg (1961) havé reported that temperatures
at 32? C. are detrimental to both ewe and ram fertility.

Prolonged estrus cycles, loﬁ fertilization rates and high embryonic
mortality rates have also been associated with high summer temperature$s in
dairy cattle (Stott and Williams, 1962). |

Dutt (1963) indicated that the critical petriod for the detrimental

effects of temperature on fertilization is while the ova are still in the
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oviduct. Most of the abnormai ova and embryonic lossés occurred within
twenty-four hours after breeding. Similar work With~éi1ts shows high
ambient temperatures immediately post-breeding?resﬁlt in 1.9 less embryos.
when slaughtered twenty-five da;s 1a£er. Although, it appeared that a 32°
C, temperature had less éetrimental effect on fertility and embryo losses
in gilts than in ewes (Warnick et al., 1965).

The fertilization rate and patterns of estrus activity have been shown
to be correlated with precipitation. Suijdendorp (1959) observed‘that’in
years wheq there was a 1ight.rainfa11 breeding activity in sheep was great-
er, but this waé offset by a lower fertilization rate. Similar work by}
Elpatjevskii (1934), Brezowsky énd Haeger (1959) and Phillips (1960) shows
that wet, ;old or rapid changes in weather conditions may deérease breediné
activity and subsequent reproductive rates. Shelton (1961) recording data
on a flock of goats, feported a significant cérrelation (P<.05) between

number of does which kidded (.39) or of kids born (.38) and total rainfall,

Factors Affecting Embryonic Mortality

Observed reprqductive losses appear to occur soon aftef fertilization.
In sheep and swine, the proportion of atrophic embryos increases with thé
number of ova sﬁed per ovary,' The production of a large number of ova per
ovary frequently drains the nutrients available for them ahd legds to
atropﬁy, either as folliclés, newly fertilized ova or as partially develop=
ed embryos (Hammond, 1921).

Warwick (1928), Wilson et al. (1948), Séqiers et al. (1952), Perry.
(1954), Self et al. (1955), Rathn;sabapathy-gg al. k1956), Lerner et al.

(1957) and Perry and Rowlands (1962) working with swine have found that a
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major proportion of embryo mortality occurring in the early stages of ges-
tation, ranging from 20-85 percent of the original ova shed. Most of this
work involved counting corpora lutea and live embryos on the t&enty-fifth
day of pregnancy.

Tanabe and Casida (1949) reporte& that cows of low fertility but with
normal reproductive tracts had a satlsfactory percentage of pregnanc1es
(66 1 percent) when slaughtered on the third day postbreedlng Thlrty~four
days after breeding the cows were slaughtered and only 23.1 percent were
pregnant. The embryonic death rate was 65.1 percent. Hulet et al. (1956)
found embryonic losses greater during the first eighteen days postbreeding
(20.4 percent) than durigg the remainder of gestation (9.4 percent). Simi-
lar work by Rathnasabapathy et al. (1956), with swine, showed a mortality
rate of 31.3 percent on the fifty-fifth day of gestation and 32.8 percent
at parturition, further substanfiating that a bulk of the embryonic losses
occur during the first trimester of pregnancy.

Dutt (1954) reported an embryonic death rate of 32.7 percent in sheep.
The reproductive performapce of the eﬁes as a.group was classified as
follows: 1) ova not fertilized 38.9 percent and 2) embryonic deaths 20.0
percent., Low fertilization rate in sheep has also been repbrted By
Hoversland et al. (1958), Hoxsey (1959) and Hoxsey et al. (1960) to be the
major factor reducing reproductive performance.

Pomeroy (1960)'fodnd that in sows the problem of reduced litter size
was traceable to one of two main causes: 1) failure of feftilization‘or
2) early death of the embryos.

Lasley et al., (1963) associated embryonic mortality in swine to the
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degrgg_of intra-uterine migration that might occur. Considerable_mig;ation
was observed by comparing corpora lutea count to embryo present in the
uterine horn. Where mig£ation occurred, the litters contained 1.24 more
pigs. It was suggested that intra-uterine migration may be important in'’
preventing embryonic death losses by distribution of embryos between the

uterine horns.

Associated Phenomena and Abnormalities

The evidence available tends to indicate that rising temperatures
affect a variety of physiological functions such as respiration, circulation
and possible ﬁetabolic and endocrine functions. Whether the reproductive
functions are affected directly through the anterior pituitary gland or
secondarily is not definitely understood (Andrews, 1953).

MacFarlane et al. (1957) cited by Ryle (1963) stated that adrenal
gland hyperactivity in rats appeared to be the major factor in embryonic
mortality in thg acclimatized animal exposed to high temperatures, although
after an adjustment period the adrenal éland was of little significance.
McDonald-(196é)'associated a malnutrition and stress syndrome to early em- .
bryonic mortality in sheep. The prolonged stimulatién of adrenal activity
leads to adrenal hypertrophy and a greatly increased capacity to secrete
cortisol., In the stress syndrome, the hypogljcemia alone is insufficient
to providé for high cortisol secretion; however, the combination of a var=~
iety of stresses can add sufficient_stimulus to cortisol secretion to pro-
dﬁce an excess. The net effect wqul& be much the same in the two syndrorhes9
and between the two extremes various combinations of malnutrition and envir-

onmental stress may produce the same effect. Ryle (1961} injecﬁed two
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groups of Merino ewes with thyroxine and exposed one group to a 320 C.
temperature, the other group was kept at the normalvdaily temperature. ?he _
high temperature produced fewer ovulations and a smaller proportion of po--
tential embryos continued to develop and, of ‘these, a high percentage died
within the first twenty-five déys gestat':ion° Both in the group on high
temperature and in the\control group, the pfoportion_éf potential embryos
developing and the propoftion'of actual embryos surviving at twenty-five
days of pregnancy were greatgr when ;hyroxiné injéctions were given. How-
gvef, in the ewes subjected to high temperatures and thyroxine injections
fhere was a significant increase in number of live embryos at the first
twenty-five days gestation.. Ryle (1963) postulated that thyroxine may
reduce embryonic mortality in ewes placed in ; high temperature in two ways.
In the absence of adequate_matérnal‘thyroid hormone, the trophoblast cells
may enlarge too slowly'to stimulate adeqﬁately some response in the uterine
endometyrium esséntial for maintenance of the embryo, or disproportionate
growth in different parts of the fetus may result directly in embrfonic
losses. Rylé (1963) and Brooks et al. (1964) h;ve reported a significantly
greater lambing rate and birth weight from ewes with intact thyroid glands.
On the basis of these obgérvations9 it was concluded that eptimal reproduc-
tive ability in the ewe probably is dependent to a vériable deéree upon the
thyroid hormones. '

The presence of estrogens has also given some inmdication of possible
effects on reproductive_performance° Coop and Clark (1960) found a reduc-
tion in conception rate at first service of 10-15 percent and lambing per-

centage of 10-20 percent with ewes mated on lucerme. Although the factor
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in the lucerne responsible for these effects was not idemtified, it was
presumed to be the presence of one or more estrogens.

Edgar (1962) found that in eighteen month to two-year old sheep that
ova tend to pass more quickly through the Fallopian tubes, entering the
uterus By the: third day after mating versus the fourth day in older ewes.
It was postulétedithat eariier relaxation of the uteral tubal*junétion in
young ewes may be due to their having a lower lével of estregen secretion.
Hawk ég'gln (1964)ufound that the injection of estrogen into immature or
ovariectomized ewes resulted in rapid water and sodium uptake by the
uterus, and.young ewes had higher water content in the uterine tissue than
did older ewes.

Some physiological facfors have been studied which show change when an
animal is exposed to 1ow.environmenta1 temperatures. Hannon QE al. (1950)
measured an increase in plasma sodium concentration when rats were e;posed
“to 5%41° C. temperature for one month.

Reid (1958) showed the respomse to stress by the adrenal gland in sheep
is the greatest if it has been conditioned by prior malnutrition and then
followed by a climatic stress factor such as cold, inclement weather é@ndi=
tions. Hess (1963) also detected an altefation in body fluid eiectrolytes
in yearling sheep when placed in a fluctuating temperature from =19 C. to
+18°% G. At the lowest temperature, the sheep showed a significanély higher
heart rate, lower rectal temperature, reduced water cemsumptien, aﬁd de-
creased urine excretion than sheep maintained at the high temperature. Con-
centrations of sédium and potassium in the urine were also significantly

increased by the cold temperature. . Hawk et al. (1964) did not have temper-
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ature gradients, but found that sodium and chloride concent;ation in the
uterine endometrium increased during the luteal phase to a greater degree
in the eighteen month old ewe than in older ewes . Potassium concentration
in each uterine tissue was highest in esffus ewes and lowest in ovariectom-
ized ewes. Chlofide content of.the uterine myometrium was higher in the
young ewes.

An over-fat condition of animals at breeding has been shown to cause
an increased infertility. Hammond (1949) found thag exqessive fatness did
not appear to cause sterility by mechanical obstruction of the Fallopian
tubes, but suégested the poessible cause of sterility in over-fat sows may
be from the absorption of estrogens by the fat depots. Asdell (1949)
reported that over-conditioned cows having excess fat deposits in the
mesosalpinx probably prevented the close association of the oviduét to the
ovary at ovulation,

Dutt (1954) reported an anatomical abndrmalitj in the vagina of a ewe,
which could have prevented fertilization if the semen had not been deposit-
éd at the cervix. Hoversland et al. (1958) and Hoxsey (1959) encountered
such abnorﬁalities as occlusions Qf the oviduct, cystic ovaries and infan-
tile reproductive organs. Edgar (1962) reported one percent'of the
Fallopian tubes were occluded in young New Zealand Romney ewes,

Erb et al. (1958) postulated that environmental variatioms may semsi-
tize or desensitize the target tissues to the horﬁtones° This could be a
major factor causing reproductive sterility im normal cows. Evidence for
this was suggested from these reports that uter% of clinically norm§1‘cows .

© contained culturable bacteria in a high percentage of cases and the recoge-
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nition in this and other studies that abnormal ovaries and abnormal repro-
ductive tracts are commonly associated. Erb et g;, (1959) reported that
cystic ovaries, short estrus cycles, estrus after conception and retention
of placenta in dairy cattle may represent a genetically influenced syndrome
‘of endocrine origin or hormonal imbalance.' |
Ova Collection
Ova recovery can be a valuable technique for obtaining estimates of
fertilization rate and information on ovum morphology. As early as 1898,
Assheton developed techniques for obtaining the.ova from the Fallopian tube
or uterus. - The entire mucous membrane of the oviduct was scraped and placed
on a slide and examined under a microscope. To obtain embryos from" the
uterus a ligature was placed at the cervical end and then filled with chrom-
ic acid to comtrol thezflow and then the uterine cavity was flushed with .25
percent chromic acid. It was also observed that the ovum generally reached
the uterué early on the third day, when they are in the eight cell stage.
| Clark (1953) secured tubal ova by directing a stream of Locge“s golu-
tion through the Fallopian tube, collecting the flushings in a watch glass.
The oviduct was dissected from the mesosalpinx, straightened and detached
from the uterine horn. By manipulating the watch glass under the micro-
scope, the ovum éould be easily located. 1In flushing the uteri, a larger
pipette tapering to a bore of 4 mm with a bulb of 20 cc capacity was used.
The fluid was iﬁtroduced at the tubéliend of the cornu and the flushings
caught in a large watch glass. An additional technique was described for
taking photo-micrographs of the épecimens°

Other researchers have followed a similar technique described by Clark

4
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(1933), but most of them used different flushing sblﬁtions. Some of ‘the
flushing fluids uged were as follows: 1) normal physiological saliﬁe
(Hoxsey, 1959; Braden, 1964), 2) Krebs solution (Dutt, 1954), 3) sterile
blood serum (Alliston and Ulberg, 1961), 4) equal parts Krebs solution and
sterile blood serum (Hunter gﬁ al., 1955), ané 5) Tyrodes solution (Hancock
énd Hovell, 1961; Vincent et al., 19645.

It has been reported that ovulation in the ewe occurs near the end of

 estrus or approximately twenty-three to thirty hours after the beginning

of estrﬁs'(Gréen and Winter, 1935; McKenzie and Terrill, '1937).
. The optimum time for the most efficient ova‘recovery appears to be two

and one-half days after estrus has been detected., |

Hunter ég_gl, (1955) re%orted ova began entering the uterus_between
three and one-half and four days after the ewes were detected in estrus.
At four and one-half days, a11 of the ova recovered were found in the
uterus.

The relationship between time from first heat .and cleavage stage is
givén in Tablé I (Hancock and Hovell, 1961).

TABLE I. RELATIONSHIP BETWEEN OVUM AGE AND CLEAVAGE STAGE, 1/

Days -from first obser~ Ovum Age Average No.
vation of heat . (days) ' __of Cells. Range
_ég - ) S E 3.4 2=4
.3 T 69 4w
3% 2% 7.7 2-8
4 ' | 5 10.4 ‘ 6-16

1/ Approximate ovum age was calculated from ‘twenty-four’ hours after. the
first heat check at which estrus was observed.,
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Ova Glassification :

Criterion for determining fertilization are primarily 1) near equal
‘and distinct cleavage or 2) numerous aperm present in zona (Harti 1956;
Hoxsey, 1959; Hancock and Hovell, 1961; A}liston and Ulberg, 1961; Vincent
é& al., 1964; ﬁraden, 1964) . However, Brock and Rowson (1952) used Evans
Blue absorption method to determine fertilizatiorn° When the ova are alive,
the staln w111 penetrate the zona pellucida but not the cytoplasm, When
'the ova are dead, the stain is taken up rapidly by the zona pellucida and
cytoplasm which becomes a dark blue. Blandau (1952) ; cited by Hart (1956), :
working with rat_ova found it possible to determine fertilization by ident-
ification of the male and female pronuclei within the nucleus.,

" An abnormal ovum referento one with an indented or ruptured zona
peliucida, degenerated blastomeres or vitelline membranes, ,(large vaculoes
in cytoplasm or a&milar aBnormalities such as those described by Dutt
(1954), Hart (1956),_Averill_§1958), Laffey and Hart (1959) and Braden
(1964).

Braden (1964) postulates that ova recovered by a flushing technique
may rupture the zona pelluci&a from excess pressures. ' Ova may vary‘in
their sehsirivity to mechanical rupture, and this sensitivity may be in-

3 creased under certain env1ronmenta1 stress condltions

: The reports of Wllson et al. (1948), Dutt (1954) Hart (1956), Laffey
and Hart (1959) and Braden (1964) indicate that the incidence of gross
morphological.acnormalities may range from 14-40 percent at certain periods

- during the breeding season.
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Associated Phenomena

There is evidence that ova transport down the Fallopian tube is regu-
lated by a constriction occurring at the utera1=tﬁba1 junction. Black and
Asdell (1959) demonstrated in rabbits the existance of this constriction
occurring at the time of estrus and for about three days thereafter. It
preéented the entry of ova iﬁto the uterus until after the reproductive
organs came under the influence of progesterone. It waé also shown that
the utero-tubal constrictien was influenéeé by estrbgen and prégesterone,
but were unable to demonstrate edema which they believed to be the cause
of this block.

Similar'wofk by Edgar and As&ell (1960) , Black and Davis (1962)., and
Edgar (1962) reported this phenomena also occurs with ewes and cows,fof
about three days after estrus and the valve-like action prevents fluid
under pressure in the uterine tube from entering the uterus, Black and
Davis (1962)»found evidence that the controlling mechanism may be a circu-
lar musculature rather than vascular changes qt the tubal uterime junction.
This study was méde on the cow oviduct.

It has also bqen reported that a higher number of ovulatioms eccur .

in the right ovary of sheep and cattle (McKenzie and Terrill, 1937; Melten

t al., 1951).

For every corpus luteum, it is generally accepted that ome ova is
expelled although Dutt (1954) collected two nermal-appearing ova and one
with shrunken cytoplasm from the oviduct of a ewe having only two recent
ovulation points; it was pestulated that the ovum with shrunken cytoplasm

had been ovulated during the previous estrus. Arthur (19565 observed the
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left ovary of an Ayrshire cow to contain only one corpus luteum, but two
embryoé were present. By using dyes, it was possible to establish that the
éxtra-embryonic.membrane development was similar to that which occurs;with
a dizygotic condition. Hoxsey (19595 reported collecting two ova from a
ewe where only one rupture point was observed on the ovary. Hafez (1962)

reported this phenomena to be rare, but it is possible for polyovular

follicles to contain double or multiple odcytes.




EXPERIMENTAL CONDITIONS

Location and Description of the Range

The range land. used for this experiment. is 1océted about thirtwaoqr
miles southwest of Bozeman, Montana on the Montana Agricuitural Experiﬁent
Station Red Bluff Research Ranch. The terrain is of a foothill type,
located on the Eastern side of the continental divide. The Tobacco=Root
mountain range lays in a Western direction from the ranch with the‘Eaétern
boundary of the ranch being the Madison River. The elevation varies from.
approximately 1402 to 1652 meters. ‘

The range grazed by the experimental animals was of good quality., The

vegetation consisted primarily of grass with a few sedges, forbs, and

browse plants. Bearded bluebunch wheatgrass (Agropyron spicatum), western
wheatgrass (Agropyron smithii), needle and thread (Stipa comata), junegrass
(Koeleria cristata) and sandberg blﬁegrassl(ggg secunda) were the most
common grasses (Hoxsey, 1959). )

The average annual precipitation; at the ranch, is thirty-six centi=
meters with the major rainfall occurring from April through September
(United States Deﬁartment of Commerce, 1958=1963).

The steeper regions of the range land used for the experiment were of
the Shallow Range Soil Group. The flatter areas were classified in the
Silty Range Group; by Dyksterhuis (196!;)° |

The sheep Qere periodicallyrrelocated to prqvide fresh feed, and they
were attended by a herder at all times. A sourcé of fresh water was pro-
vided by developed springs and'springwfed creeks also supplying an abundance

of water at other locations.
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Experimental Animals

Ewes on this experimenf varied from yearlings to six-year=61ds. _They
were of Rambouillet, Targhee and Columbia breeding. All were gfadg ewes
which had been managed under range conditions during their life span. No
.unsound ewes were iﬁcluded in this.experimentk'

The ewes_(202-207), for each of the four‘years, were randomly selected
within breed and age groups, in proportion to thei; numbéks in the grade
band of approximately 890 ewes. .Nutritional levels were varied for two
pre-breeding and three post-breeding treatments.

Thirty-six ewes, eighteen from each prewbreéding treatment; were ran-
-domly selected and identified for slaughter. The ewes randomly assigned to
‘the. three post~breeding feed treatments were equally divided by breed, age
and pre-breeding treatment. Thgse femaining ewes (164) were placed on the

post-breeding'tfeatments during the gestation period,




EXPERIMENTAL METHODS AND PROCEDURE

Pre-breeding

The pre;bree&ing treatment began fourteen days prior to breeding. At
this timé, for each of the four years, the (202-207) ewes were weighed, and
one-half of the ewes were marked with a paint bran& to designate the feed
treatment. Body weights were taken again approximately fourteem days later .
or just pribr to the breeding period. Prior to the weighing9 all ewes were
held overnight in a dry lot.

"~ Blue. plastic ear tags were placed in the right ears of the thirty-six
ewes.designated for slaughter, for eaéy identificatioﬁ when they were
separated at the sorting chute. Additionai paint bramnds were used to iden=
tify the three different breeds; the Rambouillets having a paint brand over -
the shoulder, Targheeé were marked near the middle of the back and the
Columbias were marked over theArump°

One-half of the ewes in 1961 were supglémented‘with 227 grams of a
protein éellet (MSC Formula 209) per head per day in additiom to'range for-
age. In 1962 and 1963 one-half of the ewes were fed 227 grams of .a protein
péllet (MSCZFormuia 367) per head per day in additiom to range forage. The
following year (1964), the éupplement was changed to 227‘grams of 11.8 per-
cent protein pellet (MSC Formula 366) per head per day for the first five.
days. and then changed to the 1963 ration. During the supplementation per-
iod for the four years, the other group received only ?ange forage. The
two groups were managéd as one band except during the feeding of the sup-
plement, The‘ingredients of thé‘protein pellets fed in 1961, 1962, 1963

and 1964 are shqwn in Table 1I.
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TABLE II, FEED COMPOSITION OF THE PREeBREEDING‘SUfPLEMEET;

Years
1961 1964 1962-1963-1964
MSC Formula No, . 209 : 366 : 367
' % of % of % of
Ration Ration Ration

Ingredients: . :

: Barley 47 .50 90.75 0 =me==
Oats 10.00 = eecame 0 «== o
Soybean meal 22,00 = mee-- 50.00
Cottonseed meal ceeew | emea 20,00
Linseed meal 10.00 = cec=a 12.50
Alfalfa, dehydrated  ==-== = <==co- 5.00

- Wheat millrun = ==eea = ecece= 5.00
Molasses ‘ 7.50 5.00 5,00
Salt .50 1.00 1.00
Monosodium phosphate ~ «=-== 3.00 1.25
Dicalcium phosphate 2.0 = weese  wese=
Trace minerals 0.10 0.25 0.25
Vitamin A 1/ X X X
Vitamin A & D 2/ X = mee=a emeew

. 100.00 100.00 100.00
Calculated Protein, % 20 © 12 - 30
1/ Vitamin A added to provide 10,000 I.U. per pound of feed,
2/ Pellets were fortified with Vitamin A to provide 5,000 I.U. per pound

with Vitamin D providing 1,000 U.S.P. units per pound.
Breeding |
| The breeding period began about November 20th for each of the four
vears studied and lasted for seventeen days.

Breeding pens for the three different breeds were established adjacent
to a sorting chute. Each night, the ewes were separated into the pens and‘
exposed to rams-of-their respective breed. Three fertile rams were pro=
videé for ever& 100 ewes or im that ratio nearest to this figure. The rams
were kept freshly ochred on the brisket to facilit@te detecting ewes bred
during the night.

Each morning, thé rams wefe separated‘from the ewes énd‘pléced in a

! . . .
dry lot with fresh water and feed. The ewes bred during the night were
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identified and given a special chalk mark so they couié be rémoved to their
predesignated, post-breeding treatment, three days poét-breeding. Any
élaughter ewes that were bred during the night were also identified and
chalked so they could be femoved for transfort to the meats laboratery
on the Montana State College campus, two days post-breeding.

Each day, the supplemented ewes which had not come into estrus were
separated from the non-supplemented ewes and fed before the band was
returﬁed to the range.

Thirty-six ewes were slaughtered each year, two and a half days

) . |
post-breeding; the reproductive tracts were removed, wrapped in wet towels
and placed in a cooler. .The reproductive tract was trimmed of all excess
.fat and connective tissue and was carefully examined for any énatomical
abnormalities or characteristics which might hinder normal reproductive
performance, Tﬁe ovaries were examined with respect to the follicular or
corpora lutea development; and, after flushing the oviduct, ﬁeasurements
and weiéhts were taken. Additional information was collected om number of
ovulation points and iocation, ova collected and ova clasgification. These
data were recorded the same day the ewes were slaughtered.

' The tubal ova were recovered by dissegting the oviducts from the
mesosalpinx, severing the tube just above the constricted region at the
uterinewhofn junétionm The dissected oviducts were then flushed from the
fimbriated end to the isthmus region, with 3 cc normal physiological saline.
The flushing‘equipmedt was a 3 Ec'syrimges a blunt hypodermic needle and a
watch glassf

If ova were not found in three flushings, the uterine horn was severed
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at the external bifu?cati?n; and reve?se flushing was carried out until
the ova were located, or for at least three flushings. The flushings were
then examined by use of a binocular-dissectiﬁg microscoﬁe, With the aid
of a'micro{ﬁipette connected to a small rubber bulb, thé'éva‘were then
transferred to a hanging drop slide for further examination under the
microscope and photography. The flushing procedure used was similar to
that described by Dutt (1954).

Fertilized oﬁaiwere identified by:

1) numerous sﬁerm found adhering to, or embedded in
the zona pellucida,

2) presence of sperm in the zona with no evidence of
‘cleavage but with one or two polar bodies observed '
in perivitelline spaces,

3) any degree of cleavage that contained near equal
.sized blastomeres and no indication of fragmentation.

Non-fertilized ova Qere identified by:

1) no visigle sperm embedded'in the zona pellucida,

2) no polar bodies or distinct cleavage furrows preseqt}
Abnormal ova were idengified by:

1) shrunken or involuted cytoplasm,

2) ruptured zéna pellucida,

3) " indistinct, large vaculoes in the perivitelline
space and cytoplasm with indistinct cleavage furrows,

4) extremely unequal division and signs of blastomere
fragmentation,

The above criterion for fertilized, non-fertilized and abnormal ova
classification were based on previous work done by Dutt (1954), Hart (1956),

t

Averill (1958) and Braden (1964).
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RESULTS AND DISCUSSION

Effects of Supplementation on the Reproductive Performance

The data collected for each of four years have been analyzed for two
age groups within two pre-breediﬁg treatments., Oﬁe grdup of eﬁés was bred
as yearlings and the other group of ewes, up to six-years-old, were
designated as mature ewes.

| Results of 1961 Trial

Ovulation Rate, Fertilization Rate and Abnormalities

Mature ewes

All of the twenty-five mature ewes in thé slaughter group had at least
one ruptured graaf;aﬁ follicle. A total of thirty-six ovulation points wére;
observed with an average ovulation rate of 1.72 for the supplemented ewes
;nd 1.22 for the non=-supplemented group.

- Four abnormal ova, with unequal sized blastomeres were observed in the
supplemented group and was the m&st common albnormality° Two ova with rup-
tured zona pellucidas and ome ova with a shrunken cytoplasm were also found
in tﬁe non—supplemen£ed ewes. Of the-thirty-féur ova recovered, Seven or’
20.6 percent of the ova were classified abnormal (Table III).

Oéclusion of the righf Fallopian tube was present in one ewe from the
non-supplemented group. |
: The number of ova recovered was two less thay the total number of
ovulatién points located (Table III). - The recovery rate represented éé;&
percent 6f the tﬁirty-six obse;ved ruptufe ﬁoints of which twenty-seven
or 79.4 percent were fertilized. ‘

Yearling ewes

The fifteen yearling eweé had fewer multiple ovulations than the




TABLE III. OVULATION RATE, FERTILIZATION RATE AND ABNORMAL OVA IN THE MATURE AND _YEARLING

SLAUGHTER EWES (1961).

No. No. & %, ) - :

Feed- Age of of of ovulation Ova Recovered Abnormal Ova
Treatment ewes ewes points Fert. Unfert. Total . »Fert. Unfert. Total
Supplement Mature 11 19 172.7 13 5 18 2 2 4
Non=supplement Mature 14 17 121.4 14 2 16 3 -- 3
Sum - . . Mature 25 36 144.0 27 7 34 5 2 7
‘Percent -= ee  eeee- 79.4 20.6 94.4 14,7 5.9 206
Supplement Yearlings 7 9 128.6 8 -- 8 1 -- 1
Non-supplement Yearlings 8 9 112.5 9 -- 9 1 -- 1
Sum - Yearlings 15 18 - 120.0 17 - 17 2 -- 2 G
Percent - -- ----- 100.0 0.0 9% .4 11.8 0.0 11.8 '
Sum - Supplement :

slaughter ewes 18 28 155.6 21 5 26 3 2 5
Percent -- - ——— 80.8 19.2 92.6 ., 11.5 7.7 19.2
Sum - Non-supplement : )

slaughter ewes 22 26 118.2 23 2 25 "4 - 4
Percent -= S 92.0 8.0 1 96.2 16.0 0.0 16.0
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mature ewes,. Eighteen ruptured ovulation points were found and the ovul-
ation rate for the supplemented and nbn-supplemented ewes was 1.29 ;na
1.13, respectively.

One ovum with a ruptured zona pellicuda was found in each pre-breeding
group, but no other abnormalities were found that might have prevente&
normal reproduction; |

The fertilization rate and recovery réte were-cgnsiderably higher in
the younger ewes compared to the mature, 100.0 percenf and 94.4 percent,
re$pective1y. However,\the number of ovulation points for both thé supple;
mented and non-supplemented eweg was nine each (Table IID) ..

By applying the Chi-square method of analygis to the fgrtilization
rate between the two pre-breeding treatmenés combined age groﬁpé, the
‘prdbability level was <25 that the observed difference was due to chance.
Stafistical methods used were those of Snedecor (1964).

Results of 1962 Trial

Ovulation Rate, Fertilization Rate and Abnormalities
Mature ewes

A total of twenty-six or 81.3 percent of the ova were recovered from
the twenty-four ﬁature slaﬁghter ewes. Thirty-<two recently formed corpus
lutea were found and the average,pyulapion rate for the supplemeﬁted and
non-supplemented ewes'was 1.50 and 1.17, respectively.

One fertilized ova with unequal sized.blastomeres was recovered from
a non-supplemented ewe. |

Twenty=-one or 80.8 percent of the ova récovgred were fertilized

(Table 1IV).




TABﬁE IV, OVULATION RATE, FERTILIZATION RATE AND ABNORMAL OVA IN THE MATURE AND YEARLING.
o SLAUGHTER EWES (1962)- JTER .EWES (1962)-

- No.- DNo. & %

Feed . Age of of of ovulation Ova_Recovered Abnormal Ova
Treatment ewes ewves points Fert, Unfert., Total Fert. Unfert. Total
Supplement Mature 12 18- 150.0 12 2 14 - - -
Non-supplement Mature 12 14 116.7 9 3 T 12 1 - 1
Sum Mature 24 32 133.3 21 5 26 1 - 1
Percent wo - com- 80.8 19.2 81.3 3.8 oo 3.8
Supplement Yearlings 9 9 100.0 6 .3 9 - - -
Non-supplement Yearlings 9 9 100.0 6 - 6 -- - --
Sum " Yearlings 18 i8 100.0 12 3 15 o= - .
‘Percent .- ce e 80.0 20.0 83.3 0.0 0.0 0.0
Sum - Supplement +’

slaughter ewes 21 27 128.6 18 5 23 -- o= -
Percent == I 78.3  21.7 85.2 0.0 0.0 0.0
Sum - Nom-supplement

slaughter ewes 21 23 109.5 15 3 18 1 - 1
Percent ' eo ce eeee- 83.3 16.7 78.3 5.6 0.0 5.6

azg-
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Yearling ewes

'All of tﬁe eightgen yearling ewes that weré slaughtered had one ovql;
ation.point for each ewe or an ovulation rate of 1.06 for supplemented and
non-supplemented ewes. Three ova were not recovered thch gave an 83.3'
_percent recovery rate for both groups. |

No abnormal ova were reported in either group and of the~fifteeniova
collected twelve or 80.0 percent weré fertilized (Table 1IV). |

The fertilization rate between the th pre-breeding treéatments andp
combined age groups was tested by the Chiwsquaré method and the probagility
level calculated was <.75. |

Results of 1963 Trial

Ovulation Rate, Fertilization Rate and Abnormalities

Mature ewes

The ovulation rate for the twenty~seven mature ewes was pgarly equal .
for both -the supplemented aﬁd non-supplemented groups, 1.35 and 1.38, re-
spectiveiy° Of all the thirty-seven ruptured follicles, thirty=;wo or
86.5 percent of the ova were recovered. One ewe from the supplemented
‘group éppeared to have a developed graafian follicle which had not ruptured.

One unfertilized ovum was classified as,abnormal’from a supplemented

[
3

ewe When it appeared to have a'ruptured zona pellucida,
Occlusion of the oviduct was present in one ewe from each treatment
group. Excess pressure caused the Fallopian tube to rupture in one in-
stance, and the ava was éot recovered. The other required.extra force
although the salihe pas;ed through aqg the évum was recovered on the

third flushing.
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Cystic type transparent'gfowths (approximately .75 cm in diameter).
fillgd‘with a clear solution and opaque granular objects were located on
the mesosalpinx at the medial area of both oviducts-in:two mature ewes.
However, the cysts did not interfere with flushing as normal ova were
recovered from both oviducts. Another ewe from the supplemented group
contained a white appearing nodule (.5 cm in diameter) oﬁ the left ovary
and thé ovary appeared to show signs of atrophy..

The cervix, uterine body and both uterine horns were obsérved to con-
tain pigmentation in one of the ewes. This haé been reportgd by Grant
(1933) and.is not considered to be an abnormal comdition. '

Of the thirty-two ova collected, twenty-two or 68.8 percent of the ova
were fertilized (Table V). .

Yearling ewes

All ova wéfe collected for every developed corpus luteum in the year-
ling ewéé slauéhﬁered in 1963, and all fhe_ova were fertilized (Table V).

One ovum appeared to be abgg}ﬁal that was collected from a supplement=‘
ed ewe. The éona pellucida'contained'numerous spermétozoa although the
eight blastomeres appeared to contain large vacuoles and granular material,
giving indication of fragmentation (Hart, 1956). |

'The Chi-square test on fertilization rate between combined‘age groups

and comparing the two .pre-breeding treatments had a probability level of

490.




TABLE V.

OVULATION RATE, FERTILIZATION RATE AND ABNORMAL OVA IN THE MATURE AND YEARLING
SLAUGHTER EWES (1963) .
: No. No. & % -
"Feed Age of of. of ovulation Ova Recovered Abnormal Ova
Treatment ewes ewes points -~ Fert., Unfert. Total Fert. Unfert. Total
Supplément .  Mature 14 19 135.7 10 7 17 -- 1 1
Non-supplement Mature . 13 18 138.5 12 3 15 - -- -~
Sum Mature 27 37 137.0 22 10 32 - -1 1
‘Percent -- Y s - 68.8 31.3 86. 0.0 3.1 -3.1
Supplement Yearlings 4 4 100.0 4 0 4 1 - 1
Non-supplement Yearlings 4 4 100.0 4 0 4 -- - 0
Sum Yearlings 8 8 100.0 8 0 8 1. - 1
Pexrcent Yearlings = ce  ece=- 100.0 0.0 100. 1.3 0.0 1.3
Sum - Supplement - .
slaughter ewes 18 23 127.8 14 7 21 1 1 2
Percent ~e = mee=- 66.7 33.3 87. 4.8 4.8 9.6
Sum - Non-supplement
slaughter ewes 17 22. 129.4 16 3 19 0 0 0
Percent - = ee==- 84.2 15.8 86. 0.0 0.0 0.0

oo gs-
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Results of 1964 Trial

Ovuiétion Rate, Fertilization Rate and Abnormalities
'Matnré gﬂgg

Of the twenty-four mature ewes, thirty ovulation points appeared on
the ovaries and thirty-one ova were recovered. Two ova were flushed from
the left oviduct of a mature non-supplemented ewe and the left ovary
appeared to have only one rupture point. The phenomena just mentioned has
been reported to occur oceasionally in cattle es weli as in sheep (Arthurp
1956 ; Hoxsey, 1959; Hafez, 1962).

The ovulation rate for the supplemented and non-supplemented ewes was
1.58 and .91, respectively (Table VI).

Two .abnormal ova from one mature ewe of the supplemented group appear-
ed to have ruptured zona pellucidas and v1te111ne membranes. A major por=
tion of the cytoplasm had dlsappeared giving the ova a halo appearing
effect when observed under the dissecting microseope°

The left oviduct in one of the supplemented eweslwas obstructed and
three flushings were requifed before the ovum was recovered.

Of the thirty-ome ova recovered, twenty=-four or 77.4 percent of the
ova were fe\r.til“ized° |

Yearling ewes

Of the'feur years data reported, the 1964 yearling slaughter‘ewes from
the supplemented group responded differently by hav1ng a lower ovulatlon
rate than the non~supp1emented ewes, .83 and 1.16, respectively. All ova
were recovered:for every corpus luteum observed.

An abnormal_fertilized ovum, with a ruptured zona pellucida, was found




TABLE VI. OVULATION RATE, FERTILIZATION RATE AND ABNORMAL OVA IN THE MATURE AND YEARLING
SLAUGHTER EWES (1964) .

o - cousssssmcanec
= —c

No. No. & %

Feed _ ' Age of of of ovulation Oﬁa Recovered : Abnormal Ova
Treatment ewes . eves points Fert, Unfert. Total _ Fert. Unfert. Total
Supplement ~  Mature 12 19 158.3 13 -6 19 -2 2
Non-supplement Mature 127 11 91,7 1 1 - 12 -- - 0
Sum Matire 24 30 125.0 24 7 31 - 2 2
Percent ) oo == meeme- 77.4 22,6 103.3 0.0 6.5 6.5
Supplement Yearlings 6 5 83.3 5 0 .5 1 e 1
Non-supplement Yearlings o 7 116.7 5 2 7 -= - 0
© Sum Yearlings 12 12 100.0 10 = 2 ° 12 1 - 1
Percent : == -= ~e=== . 83.3 16.7 100.0 8.3 0.0 8.3
Sum - Suppleﬁent )
slaughter ewes 18- 24 133.3 18 ) .24 1 2 3
Percent _ == o= === 75.0 25.0 100.0 4.2 8.3 . .12.5
* Sum - Nom-supplement
. slaughter ewes 18 18 100.0 16 3 19 0. 0 0
Percent o= == eecea=e 84,2 15.8 105.6 0.0 0.0 0.0

1/ Two (2) ova were flushed from the left oviduct of a mature ewe and the left ovary
appearéd to have only one rupture point.

4

-Lg=
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in a ewe from the supplemented group.

Occlusion of the oviduct caused some difficulty with one ewe f;om the
non-supplemented group. Developing, but unruptured Graafian follicles
appeared to be present on each ovary of a ewe from the supplemented group.

One ovary and a portion of the Fallopian tube on the left side in one
yearling ewe appeared to haﬁe been removed accidently during slaughter;
therefore no record was possible, although an ovum was recovered from the
right oyiduct.

The fertilization rate for the twelve yearling ewes was ten out of
twelve ova recovered or 83.3 pércent.‘

The Chi-square method for testing feréilization rate in relaéion to
the. combined age groups and pre-breeding treatments had a probability level

1

of <75.

Effects of Pre-breeding Treatment on Body Weigﬁtvéhaqgg

| The body weights as influenced by the pre-breeding treatment‘each of
the four years have been analyzed as two age groups within two treatments.
The age groups are designated as yearling ewes and the maturevéwes from
3-6 years old..

Results of 19§1 Trial
Mature Ewes
Both’' the supplemented énd non-supplgmented mature ewes gained weight

duripg the.pre-breeaing treatment (November 3--November 24). This resulted
in a weight gain advantage of +3.26 pbunds for the supplemented ewes as com-
pared to the non-supplemented ewes (Table VII). This increase or weight

change between the two treatments was found to be significant (P<CO01)

b




TABLE VII, EFFECTS OF PRE-BREEDING TREATMENTS ON BODY WEIGHTS OF MAT

=390

AND YEARLING EWES.,

Body Weight

Non=supplement

+0.25

Feed Treatment Age of Avg. Body Weight Change
and Year Ewes Weights Change Between Treatments
kg. kg. kg. )
Dates
'1961-62 Nov. 3 = Nov., 24
Supplement Mature 60.95 +2.71 1.48
Non-supplement Mature 60.44 . +1.23
Supplement Yearlings - 55.82 +2,07 1.09
Non-supplement Yearlings 56.33 +0,98
1962-63 Nov., 13 Nov. 24
Supplement Mature 56.15 -1,10 2.50
Non-supplement Mature 54,87 =3.60 ‘
Supplement Yearlings 59.80 -1.64 1.75
Non-supplement  Yearlings 59.81 =3.39
1963-64 Nov., 6 - Nov, 21
Supplement Mature 63.17 +1.66 4,60
‘Non-supplement Mature 61.66 -2.94
Supplement Yearlings . 58.02 +0.24 2.09
Non-supplement Yearlings 59.41 =1.85
1964-65 Nov. 3 - Nov. 19 .
Supplement Mature 64.15 +1.87 1.09
Non-supplement Mature 65.14 +0,78
Supplement’ Yearlings 58.83 +1.16 0.91
Yearlings 57.17 -
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(Table VIII). Statistical methods were those of Steel and Torrie (1960).

Yearling Ewes

The body weight difference between the"two groups for the yearling
ewes compared closely-to'the mature ewes for the.year 1961. The supple-’
ﬁented and non-supplemented ewes gaine& +4,56 and +2.16 pounds, respec-
tively. Likewise the wéight change was significant for the'pre-breeding
period (P <([01).

Although the weight change within the gwo'age groups and pre-breeding
treatments Wére highly signific;ants there was no significance found be-
tween the mature and yearling groups (Table VIII).

TABLE VIII. ANALYSIS OF VARIANCE; OF WEIGHT CHANGE DURING THE PRE-BREEDING
' __PERIOD (1961). : ' -

— e

Variations Degrees . Sums of  Mean .- B . F
due to: of freedom squares square: s Value

Treatmen£ 3 607.81 202.60 10.771%%
Age 1 49.30  49.30 2,621
Supplement 1 558,29  558.29 29.680%%
Ages-X I : | I

Supplement 1 .22 .22 012

Error 200 3762,02 18.81  4.338

Total 206 4369°83

*% (P <0L) .

Results of 1962 Trial
Mature Ewes
During the pre-breeding treatment (November 13 - November 24), the

supplemented and non-supplemented mature ewes lost 1.10 and 3.60 kilogréms,

respectively. However, the supplemented ewes did have a weight gain of
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2,30 kilograms over the non-supplemented ewes at the tefmination of the
pre-breeding period (Table VII). There was a significant difference in
body weights (P<Z.0l) between the two treatments (Table IX).

Yearling Ewes

The yearling ewes responded very similarly to the matufe ewesg however,
they had a greater weight loss during the pre-breeding treatment (Table
VII). The supplemented ewes showing a weight loss of 1.64 kilograms, and.
the non~supplemented ewes, 3.39 kilograms. The weight gain advantage of
1.75 kilograms between the two groups was found to be significant (P<01)
{Table IX),v However, as reported in 1961 there was no significant differ-
ence between the agé groups and body weight change.

TABLE IX, ANALYSIS OF VARIANCE OF WEIGHT CHANGE DURING THE PRE~BREEDING
PERIOD (1962).

Variations - Degrees - Sums of Mean F
due to: of freedom squares square s Value
Treatment 3. 1333.84 444 .61 15.087%%.
Age .1 2.70 2.70 . .092
Supplement 1 1299.45  1299.45 44, 094%k%
Ages X . .
Supplement 1 31.69 -31.69 1.075
Error 199 5865.39 29.47 5,429
Total 205 7199.23
% (P <G01)

Results of 1963 Trial
Mature Ewes
The body weight change for the supplemented and non-supplemented

mature ewes was +1.66 and -2.94 kilograms, respectively, for the pre-~
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bfeeding period (November 6 - November 21). This weight'change was.greafgr
than for either of the two previous years (Table VII). The supplemented.
ewes had a weight gain advantage of 4.60 kilograms over the non-supplemented
ewes, and this difference was found to be significant (P<(.01l).

Yearling Ewes

The yearling ewes for each treatment responded similarly to the mature
ewés, although not to such an extreme.degree of weight change. The supple-
mented ewes gained 0.24 kilograms while the non=-supplemented group lost
1.85 kilbgrams (Table VII). The over-all Weight change'bétween the two
groups was 2.10 kilograms which was found'té be.significant (P%:,Ol)

(Table X). This was the only year that a highly significanﬁ difference was
found for age and age X supplement in the variance of analysis table.
However, supplementation showed the greatest significance as it did iﬁ the
previous years.

TABLE X. ANALYSIS OF VARIANGE OF WEIGHT CHANGE DURING THE PRE-BREEDING
PERIOD (1963)£

Variations Degrees Sums of " Mean : F
: due to: of freedom squares . square ~5__ Value
Treatments ‘ 3 2571.79 | 857.26 59 .040%%
Age "1. 259.47‘ : 259.47 - 17.870%*
Supplement 1 1627.12  1627.12 | 112.061%%
Ages X ' | ‘,
Supplement 1 685.20 685.20 ° $41.190%%
Error 194 2816.49  14.52 3.811
Total 200 5388.28

## (P<_.01)
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Results of 1964 Trial
Mature Ewes
.-Bofh the supplemented and non-supplemented groups of mature ewes haﬁ a
weight gain of 1.87 and 0.78 kilograms, respectively, during tﬁe pre-breed-~
ing period (November 3 - November 19) (Table VII). The weight gain differ-
ence of the supplemented ewes over the non-supplemented ewes was 1.09

kilograms and was found to be significant (P<7.0l) (Table XI).

Yearling Ewes

The yearlings in both the supplemented and non-supplemented groups
gained 1.16 and 0.25 kilograms, respeetively (Table VII). The weight
change of 0,90 kilograms wiéhin the two pre-breeding treatments was found
to be significant (P <{01) (Table XI). There was no‘significant'diffefence
between the weightzchénge in\the mature and yearling ewes during the pre-
breeding period.

TABLE XI. ANALYSIS OF VARIANCE OF WEIGHT CHANGE DURING THE PRE-EREEDING
PERIOD (1964).

Variations Degrees - -Sums of Mean : F
‘due to: of freedom squares square s Value
Treatments 3 343.67  114.56 ' 5,229%%
 Ages 1 80.40  80.40 ' 3.670
Supplement 1 | 261.63  261.63 11.941%%
Ages X ‘ )
Supplement 1 1.64 1.64 075
Error 196 4294 .98 21,91 4.681

Total 202 4638.65.

*% (P <01)
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Effects of Supplementation on the Reproductive Performance

Results of 1961 - 1964 Trials

Oyulation fate, fertilization rate and abnormalities
Mature and yearling ewes |

In summarizing the four years for the mature ewes, a total of one-
hundred ewes were slaughtered. The ovulation rate for the supplemented and
non~supplemented groups was 1,53 and 1.17, respectively; These ovulation
rates compare to earlier work reported ﬂy McKenzie and Tefrill (1937). From
the total of 135 ovulation pointsngound, 123“ova were collected and studied,
giving a recovery rate ;f 91.1 percent fof the four year'period (Taﬁlé XII);

The high number of ovulation points agrees with earlier.wofk tha?
reported ovulation not te be a'majer factor in lowering reproductive rates
in sheep‘(Dutt, i954; ﬁl Sheikh et al., 1955; Hoxsey, 1959).

The data compiled for the four years on the yearling ewes shows the
ovulation rate to be 1.04 for the supplemented ewes and 1.07 for the non-
supplemented ewes. Edgar'(1962) confirmed that the lower incidence of
multiple births in yearling and two-year-old ewes was due to their lower
ovulation rate, 1.10 as compared to 1l.44 ova per ewe in the five-year-old
eweg, Fifty-six ovulation peints were observed of which fifty-twe ova were
recévered fér a recovery rate of 92.9 percent. There was no evidence of
fertilizatién in five or 9;6 percent of the ova recovered. -Also, the fer-
tilization rate for the four year§ ranged from a six to thirty-two percent
increase in the yeariing ewes over the mature ewes. The ever-all differ-
ence in fertilization rate between the yearling and mature ewes over the

four years was 14.0 perceﬁt (Table XII).




TABLE XII. TOTAL OVULATION RATE, FERTILIZATION RATE AND ABNORMAL OVA IN THE MATURE AND

YEARLING SLAUGHTER EWES (1961 - 1964).
‘ No. No. %
Feed Age of of of ovulation Ova Recovered Abnormal Ova .
Ireatment _ewe ewes points Fert., Unvert. Total Fert. Unfert. Total
Supplement Mature 49 75  153.1 48 20 68 2 5 7
Non-supplement Mature 51 60 117.6 46 9 55 4 0 4
Sum Mature 160 135 - 135.0 9% 29 123 6 5 11
Percent ) == - ————— 76 .4 23.6 91.1 4,9 4.1 9.0
Supplement Yearlings 26 27 103.8 23 3 26 3 0 3
Non-supplement Yearlings 27 29 . 107.4 24 2 26 i 0 1
Sum Yearlings 53 56 105.7 47 5 52 4 0 4
Percent ‘ ceo e 90.4 9.6 92.9 7.7 0.0 7.7
Sum - Supplement - : ) _
slaughter ewes 75 102 136.0 71 23 94 5 5 10
Péercent cee woe  mese= 75.5 24 .4 92.2 5.3 5.3 10.6
Sum - Non-supplement ",
- slaughter ewes -78 89 114.1 70 11 81 5 0 5
Percent sce == eeo-- 86.4 13.6 91.0 0.0. 6.2

- g17-
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In comparing the total supplemented mature and yearling ewes to Fhe
non-supplemented ewes, the supplemented ewes had a 21.9 percent increase in
ovulation rate; but the fertilization rate was 10.9 percent greater'for the
non-supplemented ewes. This phenomena was also true for each year (1961~
1964) with the_1963 non-supplemented ewes having the largesf\increase, in
fertilization rate, of 17.5 percent over the supplemented ewes (Table V).

The fertilization rate between the two preﬂbree&ing tréatments and age
groups was tested by Chi-square (P<(;90).

No fertilization was evident in 23.6 percent of the ova collected from
the mature ewes, apd 9.6 percent showed no signs of cleavége in the year-
ling ewes. Dutt (1954) reported over a\three-year period that 38.9 percent
of the ova recovered were not fertilized. Low fertilization rate in sheep
-has also been reported by Hoversland et al. (1958) and Hoxsey (1959) to be
the major factor reducing reproductive performance. Of the fertilized ova,
4.9 percent were abnormal and 4.1 percent of those not fertilized were
abnormal. In the fall of 1961,'the highest abmormality rate for the four
years was reported. The highest number of abnormql ova was collected when
the low and high temperature over a four-day period ranged from =37° to
-11° ¢., respectively. Marshall and Hammond (1948) found that any unfavor-
able climatic conditions such as a snow storm or drbught during breeding
reéulted in a reduction of multiple births.

The total ébndrmal ova fof the four years was 9.0 percent for the
mature ewes and 7;75pe;cent for the yearling ewes. The sﬁpplemented ewes
bad 4.4 percent more abmormal ova than the non-supplemented ewes. El |

Sheikh et al. (1955) has feported a higher ovulation along with a greater
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embryonic morﬁality rate in éwes that were supplemented prior to breeding
as compared to the ewes on a lower nﬁtrient level.

The abnormal ova for both-the mature and yearling ewes were cléésified
and ranked as follows: 1) ruptured 2ona'pe11ucidas, 2) unequal sized
blastomeres, 3) fragmentation and 4) shrunken cytoplasm. |

On December 12th, in the fall of 1964, one‘yearling ewe and three mat-
ure ewes appeared to have unruptured follicles at slaughter time. There
was a slight drep in temperature prior to and during tﬁis period though no
adverse weather conditions or high amounts of precipitation were reported..
Error in determining time of breeding may have attributed to this situation.

It was found that a major portiom of multiple ovulations occurred at
tﬁe middle‘of the breeding seasons and one to two days past the mid-point,.
before a decline began. Some researchers reporting similar fééﬁlts have
been Roberts (1921), Johnson (1932), McKenzie and Terrill {1937), and Asker
a?d Ragab . (1954) . | ‘

In the fall of 1961, from December 9 to December 123’the low tempera-
tures were -22°, =36°, =37° and -30° C., consecutively. During fhe four=
day period, a togal of fifteen ova were classified abmormal, with nine
abnormal ova from the non-supplemented ‘group. From'thesé fifteen abnormal
ova it was found that ten ova werelclassified abnormal because of unequal
sized blastomeres and five because of ruptured zona pellucidas.

| Braden (1964) postulated ;hat‘ova may vary-in their senéitivity to
mechanical rupture, and this sensitivity may be_iﬁcreased under certain -
environmental stress conditions and also, that the flushing techmique may

rupture the zona pellucida because of extreme pressures.
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It has not been well established, but work by MacFarlane et al. (1957),
Ryle (1963) and Brooks et al. (1964) has indicated that acclimatic condi-
tions produce a variety of physiological changes that alter the respira-
tion, circulation and possible metabolic and endocrine functions in the
animal body. Whether the reprbductive proéesqes are affected directly is
not definitely known at this t;i.me°

Microphotographs of sheep ova in Figu;es 1, 2, 3 and 4 are representa~
tive of normal unfertilized 6va, fértiliged ova, énd'an'abnormal condifion‘

where unequal sized blastomeres are observed.

Effects of Pre-breeding Treaﬁment on Body Weight Change

Results of 1961 - 1964 Trials

Mature and yearling ewes
The influence of supplemental feeding fourteen days prior to breeding
on body weight change. for the four years is shown in Table XIII,

TABLE XIII. BODY WEIGHT CHANGE FOR THE TWO PRE-BREEDING TREATMENTS BY AGE
GROUPS (1961- ~1964) ,

Feed . ‘Age of Avg. Body _ Bo&y Weight Weight Change

Treatment ewes’ Weight (Before) Change (After) For Treatments.
kgo kg. ‘ kg.

Supplement Mature 62.13 +1.29 +1.75

Supplement - Yearlings 58.12 +0.46

Non-supplement Mature ~~ 60.53 . -1.13 ~2.13

Non=-supplement  Yearlings 58.18 =1.00

A body weight gain was found for beth thewsupplementedwmaturg and.
yearling ewes for each year with the exception of 1962 when supplemented

and non-supplemented ewes from both age groups lost weight (Table VII).




Figure 1. Unfertilized sheep ovum. X 870

j“‘g

Figure 2. Fertilized sheep ovum; four-cell stage. X 870




Figure 3. Fertilized sheep ovum with degenerating blastomeres;
note the different sized blastomeres. X 950

Figure 4. Sperm in zona pellucida of sheep ovum; polar-view. X 950
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Supplementing during tﬁe prewbréeding period of 1962 did not pr&duce a
weight géin, but rgduced weight loss by 2.50 kilograms for the mature
supplemented ewe; and 1,75 kilograms for the yearling supplementeé ewes,

ﬁuring the fall of 1963, the supplemenﬁed and ﬁon—supplemented ewes
and the two age groups showed the,greagegt body weighf variation. The
weight change bétweén the_treatménts being 4.60 kilograms for the mature
ewes and 2.10 kilograms for the yearling ewes. At the same fime, the |
supplemented ewes from the mature and yearling groups gaineq 1;66 and 0.24.
kilograms, respectively, while the non-supplemented matﬁre and yearling
ewes lost 2,94 andliw85 kilograms,'respectivély.

The mature ewes for tﬁe total of four yeérs had a body weight changef
between the two treatments of 2.42 kiléérams Whilé yvearling ewes had a |
difference of 1,46 kilograms (Table XIV). |

TABLE XIV. EFFECTS OF PRE-BREEDING TREATMENTS ON BODY WEIGHTS OF MATURE

AND YEARLING EWES (1961-1964) . : -

Feed Age of Avg. Body Body Weight Weight Charge Be-

Treatment ewes ~’ Weight (Before) Change (After) tween Treatments
kg. ke, kg.

Supplement Mature .. 62.13 +1.29 2.42

Non-supplement Mature 60.53 =1,13

Supplement Yearlings 58.12 +0.46 . 1.46

Non-supplement Yearlings 58.18 -1.00

The difference in weight gain or loss due to treatment was significant
(P <.01) for all years.  Analysis of variance tabie combining all years is

shown. in Table XV.
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TABLE XV, ANALYSIS OF VARIANCE OF WEIGHT CHANGE DURING THE PRE-BREEDING
PERIOD (1961-1964).,

Variations " Degrees Sums of Mean F

due to: : - of freedom squares square 8 Value
Years 3 10069.81  3356.60 169 .9548%
Ages 1 ' 190.60 190.60 9.650%%
Supplement 1 3244.57  3244.57 164 .282%% -
Years X Supplement 3 597.12 .  199.04 10.0774%%
Years X Ages ' 3 183.45 61.15 3.096%
Supplement X Ages 1 135.66 135.66 6.868
Supplement X Ages X

Years 3 1517.13 505.71 25 ,605%%
Error 801 15822 .66 19.75 4.444
Total - 816 31665.73
*% (P <,01)

As noted in Table XV, combined data for all four years, in addition to
findingia significant’ (P<",01) supplement effect, there alsé occurred a
significant (P-<3bl) year.effect{- Also shown is a significant age effect
an@ years X supplement and years X ages X sﬁpplemeﬁf'interactions. The
years X age interaction was siénificant at the (P <G05) level.

It is dlfflcult to know what spec1f1c components of the: environment
were responsible for the different year effects and the interactions. It
may be assumed that acclimatic~variations-and grazing conditions for the
different years pos51b1y exert a great influence on weight gain or loss
‘durlng the experlmental perlod

Results for the pre-breeding treatment in body weight change during

the four years, are similar to, findings reported by Hovefslang (1958).

-
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The daily supplementation prior to breeding of ewes managed Qnde?
ranée conditioﬁs did not i33ure body weight gain. Thg mature ewes showed
a 0.96 kilograﬁ increase above the yearling ewes for the four years studied.
‘The difference between supplementing and non-supplementing did produce a

significant (P<70l) weight advantage for each ége group.




SUMMARY

Data ffom four years work (1961, 1962, 1963, and 1964) were compiled
and evaluated for nutritional and enQi;onmental'effects on ovulation rate,
fertilization rate and ova normality in white-féced ewes managed under
range conditions.

The eiperimental animals were randomly selected from grade ewes of the
Columbia, Targhee and Rambouillet breeds.' From the total of 817 ewes,.576
three to six year olds were designated as mature ewes and‘241 represented
the yearling or coming two-year-old classifiqation;

‘The pre~breeding treatment consisted of a fourteen-day period priaor to
‘breeding and during breeding, whereby on€=hélf of the ewes (approximatel&
100 each year) were group—fea a pelleted supplement at the rate of 227 grams
per head fér da&. The remaining one-haif of each age group received no .
supplement and were used for the control. The‘supplemented ewes were
separated -each morning, fed, and then grazed on the range, together with
the controls, during the day. ‘

Body weight change between the two treatments and two age groups was
" recorded and analyzed for each year and for all four yéars° All the ewes
wefe.weighed just prior to the pre-breeding treatmeﬁt and again abproxi-
ﬁately fourteen days later. |

A total of 100 mature ewes:and 53 yearlings were slaughtéred three
days post-breeding during the four years to collect data on ovulation
rate, fertilization rate §pd‘any abnormalitiés observed that might hinder
subsequent reproductive performance.

There.was some variation in ovulation rates within years, but the.

over-all rate for the supplemented and non-supplemented ewes was 1,36 and
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-1.14,‘rg§pective1y. The total ovulation rate for the ﬁa;ure ewes, supple-
mented and non—suppiemented was 1.53 and 1.17, respectively. The yearliné
e&es had an ovulation rate of 1.03 for the supplemented ewes and 1.07 for
the non-supplementéd ewes, This‘reverse fesponée of the pre-breeding
treatment to the ovulation rate in yearling ewes has been reported in
earlier trials. |

The recoﬁery rate for the total period was 91.1~perqent for.the-mature
ewes and 92.9 percent for the &earling ewes,

The Chi-square method for testing fertilization rate between the two
pre-breeding treatments and combined age groups showed varying levels of
significance for each year, with the over-all test for the. four years
£aving a probébility’levél of .90. 1In comparing the total supplemeﬁted
mature and yearling ewes to)the'non-supplemented-ewes, the supplementedl
ewes had a 21.9 percent'incréase in ovulation rate; but thé fertilization
rate was 16;9 percent greater for the non-supplemented ewes. This pheﬁomé
ena was also true for each of the four years with the 1963 non-supplemented
ewes having tﬁe la;gest increase of 17.5 pe¥cent over the suﬁplemented
ewes. No fertilization was evident in 23,6 percent of the ova recovered
from tﬁe mature ewes, and 9q6-percent showed no.sign of cleavage in the -
yearling ewes. H

The highest incidence of abnormal ova were recollected when the low
and high temperatures éver a four-da§ perioa ranged from -37° to -11° ¢.,
respectively. The total abnormal ova for the four years was 9.0 percent
for the mature ewes and 7.7 percent for the yearling ewes. The supplement-

ed ewes had 4.4 percent more abnormal ova than the non-supplemented ewes.
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Occlusion of the oviduéts was a problem in five ewes, which was
reported four times in mature ewes, two each from the pre-breeding treat-
ments and once in a yearling from the non-supplemented group.

The body weight changes during the supplemental feeding period for the
four years resulted in body weight'gains for all but one year, 1963. The
supplemental feeding did result in a significant (P<01) weight difference
between the supplemented and non-supplemented,ewés in both age groups. In
'gddition to all four years shbwing a significént (P <.01) treatment and
supplement effect in 1963, age and age X supﬁlement interaction were also
significant (P<i:§1). In addition'to’a sighificant (P<.01) year effect
occurring, there also was a significant (P<£}01) treatment effect, years
X supplements and years X ages X supplements interactions. The years X °

age interaction was also significant (P <Z05).
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APPENDIX TABLE I. METRIC AND ENGLISH EQUIVALENTS AND TEMPERATURE

CONVERSION.
Lifiear Measure /

10 millimeters (mm.) = 1 centimeter (cm.)
10 centimeters = 1 decimeter (dm.)
10 decimeters = 1 meter -
1 inch (in.) = 2.54 centimeters
1 foot (ft.) = 0.3048 meter
1 yard (yd.) = 0.9144 meter

SquarejMeaéure‘Eguivalenﬁs
1 squa%e inch = 6.452 square centimeters
1 square foot = 0.0929 square meter
1 square yatd = 0.8361 square meter

Weight -Measure Equivalenfs

e

kilogram (kg.)
kilogram
quintal
metric ton

Temperature

1000 grams (gm.)
2.2046 pounds (Avoir.)
220.46 pounds

2204.6 pounds

Conversion

Fahrenheit degrees (F.°) =

1.8 X Centigrade degrees
(c.%y +32
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