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(ABSTRACT)

Thirty-one Dorset (D), 24 Finnish Landrace (F), 35 Bar-
bados Blackbelly x Dorset (BD), 10 Dorset x Finn (F), 24
Finn x Dorset (FD) and 35 grade Rambouillet (R) ewes were
exposed to rams in various seasons. Ewes were born in 1979
or 1980; no R ewes were born in 1980. Ewes were bred in
April, 1980 (APR80); November, 1980 (NOV80); August, 1981
(AUG81); May, 1982 (MAY82); and April, 1983 (APRS3). Ewes
born in 1980 entered the study in NOV80. The analytical
model used to describe ewe performance included effects of
ewe birth year (EBY), breed/EBY, season/EBY, breed X season/
EBY and ewe (random). The model used to describe lamb per-
formance included effects of EBY, ewe breed/EBY, season/ERY,
sex of lamb, ewe breed x season/EBY, and sex x season/EBY.
For 1979-born ewes, pregnancy rates were highest for NOV80
(89.1%), AUG81 (93.4%) and APR83 (88.1%) and lowest for
APR80O (57.3%). Finn (88.1%), BD (89.3%) and DF (93.4%) had

higher mean pregnancy rates than ewes of other breed groups.



For 1980-born ewes, pregnancy rates for D (91.1%), F ($2.0%)
and BD (99.8%) were highest; season effects were not signif-
icant. Prolificacy tended to be higher for ewes mated in
MAY82 (2.11 and 1.92 for 1979- and 1980-born ewes, respec-
tively) and lower for ewes mated in APR80 (1.41). Mean lit-
ter sizes over all seasons were greatest for F and FD ewes
whereas number reared was highest for BD. Birth weights
were heaviest for lambs out of BD (4.42 kg for 1979-born and
4.32 kg for 1980-born) and lightest for F (2.49 and 3.18 kg,

respectively).
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INTRODUCTION

Out-of-season breeding and accelerated lambing programs
have been given a considerable amount of attention over the
past 50 yr. Recent economic conditions have forced the
sheep industry and the producer to take a more serious look
at reproductive performance. Since the profitability of any
sheep operation is a direct reflection of the level of lamb
production, an accelerated lambing program utilizing out-of-
season breedihg could prove to be economically beneficial.
Such .a program could be advantageous to both the producer
and the industry by making it possible to market a greater
number of lambs per ewe ;nnually. The gestation length of
the ewe is 5 mo, and, within the normal breeding season,
ewes have been shown to rebreed within 1 to 2 mo after lam-
bing. Thus, immediate rebreeding of ewes would eliminate
the 5- to 6-mo period during which ewes are normally non-
productive.

The seasonal reproductive pattern of the ewe not only
limits the intensity of lamb production, but imposes limita-
tions on the flexibility of the production system as well.

Sheep are often included in many farming operations to uti-



lize pasture and roughage sources that otherwise could not
be used efficiently. Thus, the capability of controlling
the breeding season would be beneficial to producers in
areas where the availability of pasture is limited on a sea-
sonal basis. In the South, conditions for maximum growth of
forages occur primarily during periods of cool weather.
Controlling the time of lambing would make it possible to
take advantage of this more efficient period of growth.

The seasonal breeding pattern of the ewe also places
major constraints upon the lamb marketing system. Lambs
generally require 4 to 7 mo from birth to reach market
weight. Thus, lambs from ewes bred during the normal breed-
ing season (August to December) reach slaughter weight
between May and December. Consequently, few lambs come to
market between the months of December and May. Thus, the
seasonal reproductive pattern of the ewe leads to considera-
ble seasonal variation in lamb supply and therefore in lamb
price. By controlling the time of lambing, the traditional
seasonal fluctuation of the lamb market could be reduced
thereby stabilizing market prices for slaughter lambs.

In order to investigate the practicality of out-of-sea-
son breeding programs, a study involving Dorset, Finnish
Landrace, Barbados Blackbelly x Dorset, Dorset x Finnish
Landrace, Finnish Landrace x Dorset, and Rambouillet ewes

was conducted. The objectives of this study were:



1. to compare the breed groups for pregnancy rate and
prolificacy when given the opportunity to lamb during dif-
ferent seasons of the vyear;

2. to study longevity traits for the breed groups; and,

3. to examine preweaning lamb performance traits for

lambs born during the study.



LITERATURE REVIEW

Mechanisms Controlling Seasonal Breeding in the Sheep

The annual reproductive cycle of the ewe consists of a
breeding and a non-breeding (or anestrous) season. In most
breeds of sheep the breeding season begins in late summer
and is recognized by successive 16-d estrous cycles (Hafez,
1952). Each cycle consists of both a 12 to 13 d luteal
phase and a 3 to 4 d preovulatory, follicular phase (Legan
and Karsch, 1979). The anestrous season commences in late
winter and is characterized by the absence of normal estrous
behavior (Hafez, 1952).

The changes in the hypothalamo-pituitary-gonadal system
which control the transition from the breeding to the anest-
rous season in the ewe have been outlined by Legan et al.
(1977), Legan and Karsch (1979), Karsch et al. (1980) and
Legan and Karsch (1980). During the luteal phase, progest-
erone levels are elevated (3 to 5 ng/ml) and exert an inhib-
ition on tonic luteinizing hormone (LH) secretion. However,
at the time of regression of the corpus luteum (CL), circu-
lating progesterone levels begin to fall from a high of 3 to

5 ng/ml in mid-luteal phase to a minimum of O to .2 ng/ml,



as a result of luteolysis. This decrease in circulating
progesterone removes the inhibition on LH secretion and
allows an increase in the frequency of pulsatile release of
LH which leads to a corresponding rise in mean serum LH con-
centrations to levels of about 3 to 5 ng/ml (Karsch et al.,
1979). In turn, during the normal estrous cycle, the sus-
tained increase in serum LH concentrations, which spans a
period of 48 to 60 hr, is accompanied by a five-fold
increase in ovarian estradiol secretion to levels of 1
ng/ml. The sustained nature of the LH increase provides the
stimulus necessary to drive circulating estradiol to reach
the threshold necessary to trigger the LH surge which in
turn leads to ovulation. The LH surge and ovulation are
likewise accompanied by behavioral estrus, ~which occurs
approximately 24 hr prior to ovulation (Hauger et al., 1977)
in response to the increased estrogen level. Ovulation then
occurs, and a new CL is formed. Progesterone secreted by
the new CL once again inhibits tonic LH secretion. When the
CL begins to regress, progesterone declines to baseline lev-
els (0O to .2 ng/ml), removing the inhibition of LH secre-
tion. Thus, LH levels start to increase and a new cycle
begins.

The estrous cycle may be viewed as a progression of

events, each of which must occur for the successful comple-



tion of each cycle as well as for the progression from one
cycle to another. During seasonal anestrus in the ewe, this
sequence of events is interrupted, and the functional capac-
ity of the hypothalamo-pituitary-gonadal system becomes
impaired. This interruption in the normal sequence of
events leading to ovulation seems to be mediated by an
increase in sensitivity of the hypothalamo-pituitary-gonadal
system to the negative feedback effects of estradiol on LH
secretion (Legan and Karsch, 1979).

When the 1last CL of the breeding season begins to
regress, the withdrawal of progesterone removes the negative
feedback control on pituitary LH secretion, thus stimulating
the expected increases in pituitary LH secretion and in sub-
sequent ovarian estradiol secretion. However, at the tran-
sition to anestrus, the estradiol secreted by a growing crop
of follicles is now sufficient to inhibit the progressive
rise 1in tonic LH secretion. Thus, follicular development
terminates and estradiol secretion decreases before attain-
ing the threshold for triggering the preovulatory LH surge.
Estrous cycles cease and a classical negative feedback loop
between LH and estradiol is established. Anestrus begins
and continues as long as estradiol remains a potent inhib-
itor of tonic LH secretion. When responsiveness to estra-

diol negative feedback diminishes at the end of anestrus,



sustained increases in LH and estradiol are once again pos-
sible, thus enabling estradiol to reach the threshold for
triggering the LH surge. Estrous cyclicity is re-estab-
lished and a new breeding season begins.

Under natural environmental conditions, a dramatic sea-
sonal variation in the negative feedback action of estradiol
on LH secretion in the ewe has been shown to exist by Legan
et al., (1977). Ovariectomized ewes were treated with
estradiol-178 to maintain constant serum estradiol concen-
trations at mid-luteal levels (3 to 5 pg/ml). Throughout
anestrus, LH levels remained undetectable (<.5 ng/ml). How-
ever, at the onset of the breeding season, LH concentrations
increased considerably. Mean LH concentrations remained
high (16 to 19 ng/ml) until the next anestrous séason, when
once again they decreased to undetectable levels and
remained undetectable until the next breeding season (no
change in LH concentrations was observed for ovariectomized
ewes without estradiol-178 treatment). These changes in the
negative feedback action coincided with the transition
between the breeding and non-breediné seasons in the intact
ewe. Duriné anestrus, estradiol inhibits LH secretion,
whereas in the breeding season the negative feedback sensi-
tivity of the hypothalamo-pituitary-gonadal system to estra-

. diol is low.



The inhibitory effect of estradiol appears to act at
the level of the hypothalmus to inhibit either the produc-
tion or reléase of gonadotropin-releasing hormone (GnRH).
Studies conducted by McLeod et al. (1982) and McNatty et al.
(1982) showed that exogenous administration of small amounts
of GnRH at frequent intervals during anestrus was sufficient
to cause resumption of the normal sequence of events leading
to ovulation. Clarke et al. (1981) demonstrated that
although no seasonal variation in the number of cytoplasmic
estrogen receptors existed in the pineal, pituitary and cer-
ebral cortex, the total cytoplasmic estrogen receptor levels
in the hypothalmus were nearly two-fold higher in anestrous
ewes than in cyclic ewes.

In the ram, seasonal variation in sexual activity has
been shown to be accompanied by changes in serum LH, folli-
cle stimulating hormone (FSH), testosterone, melatonin and
prolactin levels (Schanbacher and Lunstra, 1976; Lincoln et
al. 1977; Lincoln and Peet, 1977; Schanbacher and Ford,
1979; Almeida and Lincoln, 1982). Lincoln (1979) observed a
circadian rhythm in the plasma levels of FSH, LH and testos-
terone, which was related to increased gonadotrophin release
during the dark phase of the 24 hr cycle. Gonadotrophin
levels were lowest in the late morning, and highest during

periods of darkness. Under long daylengths when FSH and LH



levels were decreased, a 20% regression in testes size was
observed in Socay rams. However, under the influence of
short daylengths, plasma FSH and LH levels increased and
stimulated testes growth.

The fundamental role of photoperiod in mediating endoc-
rine changes that lead to the seasonal variation in repro-
ductive performance has been documented (Yeates, 1949;
Hafez, 1852; Lincoln et al. 1977; Turek and Campbell, 1979;
Karsch and Foster, 1980). For photoperiodic changes to be
effective in inducing estrus, sheep ﬁust vary in their
response to the effects of photoperiod at different stages
of the reproductive cycle (Yeates, 1949; Yeates, 1956).
Before changes in photoperiod can alter the breeding season,
light must be perceived and daylength must be assessed
through a type of "time measuring system." Information from
this system must be transmitted to the hypothalmic-pituitary
axis which will directly affect gonadal function. Finally,
a change in hypothalmic-hypophyseal-gonadal activity must
occﬁr (Turek and Campbell, 1979).

Although the mechanisms by which changes in daylength
are converted to neuroendocrine responses remain poorly
understood, one of the most commonly accepted hypotheses for
photoperiodic regulation of the breeding season involves an

endogenous circadian clock that can become synchronized to
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changes in daylength (Rollag et al. 1978; Turek and Camp-
bell, 1979). Photoperiodic fluctuation is thought to trig-
ger neuroendocrine changes which can .ultimately induce
changes in reproductive status. In support of the hypothe-
sis that external factors are involved in seasonal breeding
is a study conducted by Legan and Karsch (1980). In this
study ewes were exposed to 90-d alterations of artificial
long-day and short-day photoperiods. The transition between
estrous and anestrous seasons occurred at 90-d intervals,
resulting in two breeding and two anestrous seasong per
year. However, Radford et al. (1961) examined the effect of
continuous light on sexual activity in the ewe and found
that ewes maintained under constant photoperiod exhibited
seasonal variation in sexual activity similar to those
observed under normal seasonal light changes. In a similar
study, Howles et al. (1982) showed that rams kept under con-
stant photoperiod for 3 yr eventually began to show fluctua-
tion in testicular volume and prolactin levels similar to
changes observed under natural daylength fluctuations.

The role of the pineal gland and the importance of the
hormone, melatonin, in the perception of daylength changes
have been documented (Rollag and Niswender, 1976; Rollag et
al., 1978; Almeida and Lincoln, 1982; Kennaway et al.,

1982). Rollag et al. (1978) reported that the magnitude of
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changes in peripheral melatonin concentration due to photo-
periodic fluctuation were not significantly different at
different stages of the reproductive cycle in the ewe. Dur-
ing periods of light, secretion of melatonin from the pineal
gland becomes impaired. However, peripheral melatonin con-
centrations were shown to be greatly elevated during dark-
ness, accurately reflecting the duration of the dark period.
Consequently, during the fall and winter months when days
are shorter, elevated melatonin concentrations persist for a
longer period of time than during the spring and summer
months.

The target tissue for melatonin is thought to be the
hypothalamo-hypophyseal axis (Turek et al., 1975). Both a
circadian and a circannual rhythm are thought to mediate the
response of the hypothalamo-hypophyseal axis to melatonin
stimulation. As a result of the circadian rhythm it is nec-
essary that elevated melatonin concentrations persist in the
late afternoon for normal estrous cycles to occur. There-
fore, it is mnot the duration of the elevated melatonin con-
centrations but the time of day during which concentrations
are elevated, which bring about this photoperiodic response
(Rollag et al., 1978). Thus, it seems reasonable that under
the decreasing daylength conditions of the fall and winter

months, elevated melatonin concentrations overlap the criti-
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cal period of the circadian rhythm, whereas, during the sum-
mer months they do not. Therefore, photoperiodic control of
reproductive performance is dependent upon two endogenous
rhythms, a circadian rhythm of sensitivity to daylength and
a circannual rhythm entrained to changes in photoperiod.

A circannual pattern of prolactin concentrations has
been observed in both ewes and rams (Walton et al., 1977;
Walton et al., 1980; Munro et al., 1980; Almeida and Lin-
coln, 1982). Changes in the plasma concentrations of pro-
lactin can be related to changes in reproductive status and
have been shown to be associated with changes in photoperiod
(Walton et al., 1977). Prolactin levels are high when ewes
are in an anestrous state and the days are long, but levels
fall considerably when daylength begins to decrease and nor-
mal estrous behavior occurs (Walton et al., 1980). These
fluctuations in prolactin release, parallel the changing
sensitivity of the hypothalmus to the negative feedback
action of estradiol. Several researchers have speculated
that prolactin may play a role in the seasonal nature of
reproductive performance in the sheep.

Kann and Martinet (1975) demonstrated that elevated
levels of prolactin during lactation in the ewe are respon-
sible for the persistence of lactational anestrus. Elevated

prolactin levels have also been shown to reduce the release
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of LH in response to estradiol 1in the ewe. Furthermore,
suppression of prolactin to levels occurring during normal
estrous cycles results in cyclicity in lactating ewe (Kann
et al., 1976). Therefore, they concluded that high levels
of prolactin during anestrus may have exerted an antigonadal
effect.

In contrast, Land et al. (1980) examined the effects of
pharmacological reduction of the high plasma prolactin lev-
els typical of seasonal anestrus. Prolactin concentrations
were reduced (from 64 * 10 ng/ml to < 4 ng/ml) with twice
daily treatments of bromocriptine. This treatment had no
effect on the proportion of ewes secreting LH in response to
estradiol benzoate or the proportion of the ewes which ovu-
lated.

Variation in the underlying endocrine changes associ-
ated with seasonal anestrus has been shown among breeds
(Land et al., 1976; Wheeler and Land, 1977; Land et al.,
1979). Land et al. (1976) administered estradiol benzoate
to ovariectomized ewes during anestrus and observed an
increase in LH secretion similar to that observed during the
normal estrous cycle. This response was observed more fre-
quently in Scottish Blackface ewes than in Finnish Landrace
ewes although no difference in the response was noted during

the breeding season. Therefore, it was concluded that Scot-
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tish Blackface ewes were more sensitive to the positive

feedback effects of estradiol during anestrus than were Fin-

nish Landrace ewes.

Factors that Modify the Transition from Estrus to Anestrus

Methods of increasing lambing rate by inducing cyclic-
ity in the anestrous ewe or by extending the breeding season
have been given considerable attention. Although photiper-
iocd appears to be the primary factor controlling seasénal
breeding in sheep, other factors have been shown to be
involved. Other methods of estrus induction most commonly
investigated include tﬁe use of exogenous hormone therapy,
introduction of rams and the use of existing genetic varia-
tion.

The use of exogenous hormone therapy to induce estrous
activity in the anestrus ewe has been successful and is com-
monly used in Europe (Mauleon, 1979). However, the level of
fertility resulting from hormonal induction of out-of-season
breeding is considerably lower than fertility levels during
the natural breeding season (Lees, 1971). Furthermore, the
drugs necessary for estrus induction have not yet gained
approval from the necessary regulatory agencies for use in

the United States.
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The introduction of rams into anestrous ewe flocks has
long been recognized as a method of stimulating estrous
activity (Schinckel, 1954). If preconditioned by a period
of isolation from rams (34 d seems to be sufficient) during
the non-breeding season, ewes respond to reintroduction of
rams (teasing) by exhibiting a relatively synchronized
estrus (Oldham, 1980). However, the response to the intro-
duction of rams has been shown to vary depending upon the
stage of the reproductive cycle, breed of ewe and ram, and
period of isolation from the ram (Oldham, 1980).

The precise mechanism by which rams stimulate estrous
behavior in the anestrous ewe remains poorly understood.
Watson and Radford (1960) found that the combination of odor
and sound was capable of hastening the onset of estrous
activity in the anestrous ewe. Fletcher and Lindsay (1968)
reported diminished expression of estrus in ewes with com-
bined olfactory ablation and auditory canal occlusion. How-
ever, the estrous response of ewes with either the impair-
ment of sight or hearing singly was not different from tﬁat
of normal animals. More recently, studies conducted by
Knight and Lynch (1980 a,b) showed that pheromones present
in the wool and (or) wax from certain sebaceous glands of
Dorset rams were able to stimulate ovulation in Romney ewes

early in the breeding season. Although results from the



16

same study demonstrated small amounts of pheromonal activity
in the urine of rams, the urine was not considered to be a
major source of the pheromone.

Introduction of rams into seasonally anestrous ewe
flocks has been shown to produce increases in the frequency
of pulsatile LH secretion in the ewe within 10 to 12 min
(Martin et al., 1980 a,b; McNatty et al., 1981). In many
cases the increase was so great that individual pulses were
difficult to distinguish (Poindron et al., 1980). Following
the initial response of LH, a preovulatory surge (or partial
surge) of LH takes place within 24 to 30 hr (Oldham et al.,
1978; Knight et al., 1978). The first induced owvulation
usually occurs within 30 to 72 hr after the introduction of
the ram (Oldham et al., 1978; Knight et al., 1978).
Although the first induced owvulation usually takes place
within 3 to 4 d, it is not generally accompanied by behav-
ioral estrus (Oldham, 1980). However, a fertile estrus
accompanied by ovulation usually occurs within 18 to 24 d
after introduction of the rams.

Ewes which are induced to ovulate by the introduction
of rams often exhibit abbreviated estrous cycles caused by
premature regression of the CL (Cognie et al., 1982). These
short cycles, however, can be overcome with single 20 mg

injections of progesterone just prior to the introduction of
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the ram. Conversely, long-term progesterone <treatment
("progesterone priming") administered by intravaginal
sponges (for 12 d prior to the introduction of the rams) in
combination with the introduction of the ram resulted in
estrous activity in a majority of the ewes.

During the non-breeding season the ewe exhibits an
increased sensitivity to the negative feedback action of
estradiol on tonic LH secretion, and estradiol is no longer
capable of reaching threshold levels to trigger the LH surge
(Karsch et al., 1980). Introduction of the ram may reverse
the mechanism controlling the negative feedback of estradiol
upon LH. Conversely, the ram-induced preovulatory surge of
LH may be independent of estradiol (Martin, 1984).

The proportion of ewes which ovulate after the intro-
duction of the ram has been observed to vary greatly (Martin
et al., 1980a). For example, Romney Marsh ewes will respond
to teasing for only a short time before the beginning of the
normal breeding season (Edgar and Bilkey, 1963), whereas
Merino ewes respond at almost any time during anestrus.
Similarly, rams can stimulate the release of LH in Border
Leicester X Scottish Blackface ewes only at the end of anes-
trus although this release does not appear to be accompanied
by ovulation (Chesworth and Tait, 1974). Tervit and Peter-
son (1978) reported that Dorset rams were more effective in

inducing estrus in Romney ewes than were Romney rams.
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The use o0of existing genetic wvariation offers still
another method of extending the breeding season. The vast
diversity which exists in both the duration and timing of
the breeding season (generally defined as the period of time
during which at least 50% of the flock is active) offers a
potential for permanent changes in the seasonal pattern of
reproduction of the ewe. Genetic variation between breeds
and breed crosses in the ability to mate and conceive at
different times during the year have been demonstrated.
Although the results of selection for extended or year-round
breeding have been variable, within-breed variation has also
been shown to exist.

In Quebec, Canada, Dufour (1974) characterized the
breeding season of Dorset, Leicester and Suffolk ewes .(all
of which are of British origin) and of a crossbred line
developed from these three breeds (DLS). The crossbred ewes
were obtained from a genetic study designed to develop a
line of sheep with the capability to breed at any time dur-
ing the year. DLS and Dorset ewes began estrous activity
sooner (July 28 and August 8, respectively) than did Leices-
ter (September 13) or Suffolk (September 16) ewes and con-
tinued cycling for a longer period of time. Estrous activ-
ity of DLS ewes was maintained for an additional 20 d in

relation to Dorset ewes and for an additional 70 and 115
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days, respectively, in relation to Leicester and Suffolk
ewes. The duration of the breeding season was estimated at
227 d for DLS, 206 d for Dorset, 157 d for Leicester and 132
d for Suffolks. Although Leicester and Suffolk ewes began
to exhibit -estrous cycles at essentially the same time, it
was apparent that the Leicester ewes required a longer
period of increasing daylength for anestrus to commence.

Wheeler and Land (1977) also found breed differences in
the timing and duration of the breeding season among pro-
lific Finnish Landrace, fine-wooled Tasmanian Merino and
native Scottish Blackface ewes in Scotland. Finnish Land-
race ewes exhibited the longest breeding season of the three
breeds (215 d); breeding began October 9 and continued until
May 10 (just 28 d prior to the longest day). The shortest
breeding season was observed in the native Scottish Black-
face ewes (141 d) with an average date of first estrus of
October 9 and continuing estrous activity until February 28.
Although Merino ewes began cycling over 1 mo earlier (Sep-
tember 5) than either Finnish Landrace or Scottish Blackface
ewes, the cycling ended earlier (February 14) and the dura-
tion of the breeding season was intermediate to the other
two breeds (162 d).

In a French study, Land et al. (1973) examined seasonal

variation in the incidence of ovulation for the prolific
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Romanov (a breed originating in the U.S.S.R.) and the native
Solognote breeds. The duration of the breeding season was
greater in Romanov (174 d) than in Solognote (116 d) ewes.
Although both Romanov and Solognote ewes have a similar
median date of onset of estrous activity (August 28 and
August 30, respectively), the mean ending date was consider-
ably different (February 18 and December 24, respectively).
Thus, the difference in the duration of the breeding season
between these two breeds is primarily due to differences in
the time at which anestrus begins rather than to the time at
which the breeding season starts. In a similar study, Lam-
berson and Thomas (1982) examined seasonal variation in the
incidence of estrus for crossbred ewes. Finnish Landrace x
Suffolk ewes were slower to enter anestrus and had a longer
breeding season than Cheviot x Suffolk, Dorset x Suffolk or
Rambouillet x Suffolk ewes. Cheviot X Suffolk ewes had the
longest anestrus and there was a tendency for them to leave
anestrus later than all other breed groups.

Results from studies concerning within-breed genetic
variation and selection for an extended breeding season have
been variable. Wiggiﬂs et al. (1970) conducted a 4-yr study
examining estrous activity in open Rambouillet ewes through-
out the year in Alabama. The percentage of theoretically

possible.heat periods actually exhibited by individual ewes



ranged from 14.3% to 100%. In 3 of the 4 years, the same
ewe had the lowest percentage of potential estrous activity
and two ewes exhibited regular cyclic activity throughout
the 4-yr period. These results imply that estrous behavior
within ewes may be repeatable from one year to another and
suggest the possibility of extending the breeding season by
selection. In this same study, three distinct annual pat-
terns of estrous behavior were observed. Ewes either cycled
continuously all year, exhibited a well-defined period of
estrous activity followed by a period of anestrus or exhib-
ited two distinct estrous periods each year. The type of
estrual activity exhibited by individual ewes was reported
to be highly repeatable among years. Williams et al.
(1956), however, found no tendency for individual Western
ewes (progeny of finewool ewes mated to blackfaced meat-type
rams such as Hampshires, Shropshires or Suffolks) to be con-
sistantly early or late in the onsets of their individual
breeding seasons or in the length of the breeding seasons in
a 3-yr study conducted in Illinois.  They concluded that the
length and date of onset of the breeding season were prima-
rily controlled by non-genetic factors; thus, indicating
that no progress could be made through selection in sheep of

that genetic background.
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Repeatability estimates for reproductive traits in the
ewe have been quite 1low (Turner, 1969). Lees (1966)
reported repeatabilities for date of onset of the breeding
season in Clun Forest ewes ranging from O to .45 (pooled
value of .22). Dyrmundsson (1978) estimated that the
repeatability of date of onset of the breeding season was
.12 in Icelandic ewes.

Some studies have attempted to extend the breeding sea-
son through selection. Although the results of these stud-
ies have been variable, within-breed variation' has been
shown to exist. Thrift et al. (1971) selected for early
lambing in Southdown ewes in Kentucky exposed to rams begin-
ning August 1. The estimated total phenotypic change in
date of birth for the 14-yr study was -13.2 d (-.943 d/yr).
The heritability estimate for lambing date was reported to
be .24 + .16. In Beltsville, Maryland, Lindahl and Terrill
(1975) selected a line of ewes (Morlam) for vyear-round
breeding and were successful in achieving a nearly uniform
distributionrof ewes lambing in each month. However, when
ewes from this flock were compared to Finnish Landrace
crossbred ewes in Nebraska (Jenkins and Ford, 1982), the
crossbred ewes had a breeding season 58 d longer than ewes

of the selected line.
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Bernard and Fahmy (1874) reported the results of a S-yr
study conducted in Quebec designed to develop a population
of sheep with year-round breeding capabilities. Ewes were
l1/2-Dorset, l/4-Leicester and 1/4-Suffolk, and were exposed
to fertile rams from June through September. The selection
criteria was early lambing. The number of ewes lambing
prior to December 31 increased by 6% over the 5 yr study.
During June and July, 32 and 42% of the selected ewes exhib-
ited estrous behavior. Fifteen and 409, respectively, of
the Dorset ewes were cycling during these same two months.
Estrous behavior was not observed for Suffolk and Leicester
ewes during the same period. Ninety percent or more of the
selected ewes exhibited estrous cycles for 7 mo, from August
through March. A comparable proportion of Dorset ewes were
cycling during 5 mo and of Leicester and of Suffolk ewes
during 4 mo. Dufour (1974) compared the seasonal cyclic
behavior of a sample of the selected ewes to that of the
parental breeds. Ewes from the selected line had a breeding
season of 227 d, began estrous activity earlier and ended

later than any of the three parental breeds.
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Conception Rate

Differences among breeds and breed crosses in ability
to breed and conceive outside the normal breeding season
have been observed. Fogarty et al. (1984 a,b) compared con-
ception rates (percentage of ewes lambing of ewes exposed)
of Finnish Landrace, Rambouillet, Dorset and Finnish Land-
race crossbred ewes mated in April, August and December.
Ewes were exposed to rams for 32 to 43 d in single sire
groups. Conception rates for August were lower in the pure-
bred Finnish Landrace (52.0%) than in any other breed group.
In December, conception rates wefe higher for Finnish Land-
race (83.77) and Finnish Landrace crossbred ewes (average of
90.47% for 8 different crossbred types) than for either Ram-
bouillet (70.6)%) or Dorset (73.3%) ewes. Conception rates
for April were sharply lower for all breed groups. However,
Finnish Landrace x Dorset (42.5%), 7/8-Finnish Landrace
(32.1%) and Finnish Landrace (27.0%) ewes had the highest
conception rates for April whereas the Dorset (10.4%),
1/2-Finnish Landrace,  1l/4-Rambouillet, 1/4-Dorset (9.1%),
and Finnish Landrace x Rambouillet (3.3%) ewes had the low-
est conception rates.

In a similar study in Virginia, Notter and Copenhaver
(1980) evaluated the reproductive performance of 1/2 Finnish

Landrace, l/2-Rambouillet (1/2-Finn) ewes; 1/4-Finnish Land-
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race, 3/4-Rambouillet (1/4-Finn) ewes, and 1/2-Suffolk,
1/2-Rambouillet (SR) ewes in a system in which all ewes were
given the opportunity to lamb three times every 2 yr over a
S-yr period. Ewes were exposed to Suffolk rams for approxi-
mately 45 d beginning in early August, early November or -
early April. Overall conception rates were 90% for August,
709% for November and 53% for April matings. Breed groups
did not differ significantly in conception rates in August
or November. However, 1in April, conception rates were
higher for 1/2-Finn ewes (60%) than for either 1/4-Finn
(45%) or SR (38%) ewes.

In an Oklahoma study, Dzakuma et al. (1982) compared
conception rates for crossbred ewes representing five combi-
nations of Finnish Landrace, Dorset and Rambouillet breed-
ing. Ewes were exposed to rams during winter (January and
February), fall (September and October) and late spring (May
and June). During the winter and fall breeding seasons,
conception rates were high (91.8% and 90.6Y%, respectively)
and no differences in conception rate were observed among
breed groups. In spring, when overall conception rates were
low (47.8%), 1/2-Dorset 1l/2-Rambouillet ewes had higher con-
ception rates (67.0%) than 1/4-Dorset, 3/4-Rambouillet
(46.0%) or any of the Finnish Landrace crossbred (48.5%)

ewes. In a similar study in Oklahoma, Thomas and Whiteman



26

(1979 a,b) evaluated the main effects of increasing Dorset
and Finnish Landrace breeding by one-quarter at the expense
of Rambouillet breeding on ewe productivity in crossbred
ewes for fall (August to December) and spring (May and June)
matings. No differences in conception rates were observed
among breed groups in fall matings, but in May and June, the
Finnish Landrace crossbred ewes conceived less readily than
the Rambouillet x Dorset ewes. When Finnish Landrace breed-
ing was increased by one-quarter, a 19.4% reduction in con-
ception rate for spring mating occurred. Results from these
studies are in contrast with the improved performance of
various Finnish Landrace crosses by Fogarty et al. (1984
a,b), and Notter and Copenhaver (1980) in March and April,
respectively. This may reflect a difference in the timing
of onset of anestrus and could suggest that by May and June,
Finnish Landrace crossbred ewes are beginning to enter the
non-breeding season. Goot and Maijala (1977) indicated that
the frequency of estrus among Finnish Landrace ewes was near
maximum in April, but declined considerably in late spring
(May to July). However, studies conducted Hulet et al.
(1974) indicated that estrous behavior of Rambouillet ewes
was minimal in May and early June, but increased substan-

tially in late June and July.
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In other studies, Whiteman et al. (1972) observed con-
ception rates for Dorsét, Dorset X Rambouillet and Rambouil-
let ewes in a twice-yearly lambing program. Conception
rates for fall matings (October to December) were higher for
Dorset x Rambouillet (89%) and Rambouillet (85%) ewes than
for Dorsets (74%). However, conception rates for spring
matings (April to June) were higher for Dorset x Rambouillet
(39%) and Dorset (37%) ewes than for Rambouillets (29%).
Cedillo et al. (1977) reported that the conception rate for
August mating of Finnish Landrace-sired ewe lambs was 72%
whereas Dorset-, Cheviot-, and Romney-sired ewe lambs had
conception rates of 429, 38% and 31%, respectively. The
high August conception rate for the Finnish Landrace-sired
ewes may reflect a more rapid rate of sexual matufity in the
Finn-cross ewe lambs.

Speedy and FitzSimons (1977) in Scotland compared the
reproductive performance of Finnish Landrace x Dorset ewes
with that of Border Leicester x Scottish Blackface ewes mat-
ing three times in 2 years. Finnish Landrace x Dorset ewes
had higher conception rates than Border Leicester x Scottish
Blackface ewes in August (82Y% vs 55%, respectively) and Feb-
ruary (73% vs 269%) but not in November (88 vs 96%). Thus,
during the natural breeding season conception rates were

highest for Border Leicester x Scottish Blackface ewes



28
whereas conception rates for matings occurring closer to
either the estrus-anestrus or anestrus-estrus transitions

favored Finnish Landrace x Dorset ewes.

Postpartum Interval

The success of a twice yearly lambing program depends
upon the ability of the ewe to rebreed within 30 4 postpar-
tum. Otherwise, a three-time-in-2-yr lambing schedule may
be more practical, especially if artificial rearing is not
practiced. After lambing, normal cyclic behavior in the ewe
can be interrupted due to postpartum and (or) lactational
anestrus (Hulet and Foote, 1967). Postpartum anestrus has
been defined as the period during which the ewe is making
the necessary adjustments after lambing to re-establish reg-
ulaf and functional estrous cycles, whereas, lactational
anestrus is the interruption of normal cyclic behavior as a
direct result of suckling lambs (Lees, 1971).

A study designed to allow 1/2-Finnish Landrace,
1/2-Dorset ewes to lamb four times in 2 yr found that the
proportion of ewes lambing was reduced from 93 to 32% by the
occurrence of lambing 6 mo previously (Land and McClelland,
1871). Fogarty et al. (1984a) compared Finnish Landrace,
Rambouillet, Dorset, Targhee and Suffolk ewes lambing three

times in 2 yr (January, May and September) or annually in
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April. An 8 mo versus 12 mo lambing interval significantly
depressed fertility (52 vs 65Y%, respectively) for Finnish
Landrace and 7/8-Finnish Landrace ewes, indicating that
these more prolific ewes needed a longer time to fully
recover from lambing. Conversely, Land (1971) found that
following spring lambing, a larger proportion of Finnish
Landrace ewes displayed estrus between 3 and 56 d after lam-
bing (100%) than did Dorset (68%) or Finnish Landrace x Dor-
set (59%) ewes.

When exposed to rams in August or November (in season),
1/4- and 1/2-Finnish Landrace ewes that lambed 2 to 4 mo
before exposure had conception rates 3 to 5% lower than ewes
that had not lambed for at least 7 mo before exposure (Not-
ter and Copenhaver, 1980). In April, ewes that lambed 2 to
4 mo before breeding had a 23% higher conception rate than
ewes that lambed at least 7 mo before breeding.

In Wales, Clun Forest ewes lambing from June until the
end of the year had an average interval of 6 to 7 wk before
ewes conceived (Lees, 1971). In January, some ewes did not
conceive again because lactational anestrus carried them out
of the breeding season, thus preventing a twice yearly lam-
bing program. Whether this occurs will depend upon individ-

ual variation in the length of the breeding season.
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Crossbred ewes selected for fall lambing have been
shown to have a longer breeding season than nonselected ewes
(Dufour, 1974). If the breeding season is extended, this
should increase the potential for ewes to rebreed after lam-
bing, making a twice yearly lambing program possible.
Dufour (1975) compared the length of the postpartum interval
for these selected crossbred ewes (1/2-Dorset,
l/4-Leicester, 1/4-Suffolk) lambing in the fall and in the
spring. The average fall lambing date was November 8, and
weaning occurred 14 d later. The interval between weaning
and first estrus was 18 d. However, following an average
spring lambing date of May 14, the postweaning interval to
first estrus was 87.1 d. Of the ewes bred, 76.7% lambed
after fall lambing whereas 89.1% lambed after spring lam-
bing.

Whiteman et al. (1972) found that for Dorset, Rambouil-
let and Dorset x Rambouillet ewes that lambed during the
fall, 85 mated following lambing and the average interval
to the first mating was 32 d. For spring lambing ewes, only
50% mated and the average interval to first mating was 59 d.
Thus, the ewes resumed normal cyclic behavior sooner in the
fall than in the spring.

Length of lactational anestrus in the sheep has been

shown to be related to the degree of mammary stimulation in
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p
Prealpes du Sud ewes (Kann and Martinet, 1975). When ewes
were milked by hand two times per day or "dried off" immedi-
ately after parturition, the first estrus occurred 30 to 40
d postpartum. However, if the ewe was allowed to nurse her
lambs (suckling 10 to 12 times per day) lactational anestrus
lasted for 60 to 80 d.

In a similar study, the average interval from lambing
to first estrus for Dorset, grade Rambouillet and Rambouil-
let crossbred ewes was 56 d for nonsuckled ewes. This com-
pared to 80 d for ewes that nursed single lambs and 87 4 for
ewes that nursed twins (Barker and Wiggins,'1964). Gould
and Whiteman (1973) found that for Dorset, Dorset x Ram-
bouillet and Rambouillet ewes, resumption of estrual activ-
ity occur at an average of 58 d postpartum for eafly—weaned,
spring-lambing ewes (lambs weaned at 30 d) and 66 d postpar-
tum for late-weaned, spring-lambing ewes (lambs weaned at 70
d).

Whiteman et al. (1972) studied the length of the post-
partum interval for Dofset, Rambouillet and Dorset x Ram-
bouillet ewes lambing two times annually. The postpartum
interval to first estrus (about 32 d) was essentially the
same for lactating and nonlactating ewes during the fall.
Spring lambing ewes that did not rear lambs had an average

postpartum interval to first estrus of 37 d as compared to
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58 d for lactating ewes. Conversely, Ford (1979) found the
interval from parturition to estrus for Finnish Landrace
crossbred ewes that lambed in the fall to be longer for lac-

tating ewes (45.5 d) than for nonlactating ewes (26.8 d).

Litter Size

Differences in prolificacy (number of lambs born per
ewe lambing) have been reported not only between breeds and
breed crosses but also between different seasons of the
year. Notter and Copenhaver (1980) observed significantly
different litter sizes for ewes lambing in January (2.21),
April (2.46) and September (1.84). Finnish Landrace x Ram-
bouillet ewes averaged .48 more lambs per litter than did
l1/4-Finnish Landrace, 3/4-Rambouillet ewes and .50 more
lambs per litter than did Suffolk x Rambouillet ewes. Simi-
lar results were reported by workers in Oklahoma (Dzakuma et
al. 1982) for crossbred ewes representing five combinations
of Finnish Landrace, Dorset and Rambouillet breeding. Pro-
lificacy for ewes lambing in March and April (1.80) was
greater than for ewes lambing in July and August (1.67) or
in November and December (1.35). Litter size was larger for
1/4-Finnish Landrace crosses (1.66) than for 1/2-Dorset,
1/2-Rambouillet ewes (1.56) and 1/4-Dorset, 3/4-Rambouillet

ewes (1.50). Fogarty et al. (1984a) reported litter sizes
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of 1.8 in January, 1.7 in May and 1.4 in September for Fin-
nish Landrace, Rambouillet, Dorset, Targhee, Suffolk and
Finnish Landrace crossbred ewes.

In Scotland, workers compared litter sizes for Finnish
Landrace and Tasmanian Merino ewes and for their recriprocal
crosses (Land et al., 1973). Litter size of the Finnish
Landrace ewes (2.9) was significantly greater than that of
the Tasmanian Merinos (1.0) whereas Finnish Landrace x Mer-
ino (1.70) and Merino x Finnish Landrace ewes (1.70) were
intermediate. Cedillo et al. (1977) observed considerably
larger litter sizes for Finnish Landrace crossbred ewes
(1.62) than for all other breed crosses (1.18). Similarly,
Speedy and FitzSimons (1977) reported litter sizes of 2.34
for Finnish Landrace x Dorset ewes and 2.15 in Border Lei-
cester X Scottish Blackface ewes.

Bradford et al. (1971) observed a higher ovulation rate
in Finnish Landrace ewes than in either Welsh Mountain or
Border Leicester ewes. Furthermore, a higher percentage of
Finnish Landrace ewes had ovulations on both ovaries, partly
due to the higher ovulation rate, but also as a result of a
more even distribution of multiple ovulations between the
ovaries. Similarly, comparisons between Finnish Landrace x
Targhee and purebred Targhee ewes revealed significantly

higher ovulatioﬁ rates for the crossbred ewes (Meyer and
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Bradford, 1973). Ovulation rates were 30% higher for cross-
bred ewes than for the purebred Targhee. Maijala and Oster-
berg (1977) reported that Finnish Landrace ewes had ovula-
tion rates ranging from 2.96 to 3.8.

Finnish Landrace crossbred ewes have been observed to
have a longer heat period (52.45 hr) than either Scottish
Blackface (42.90 hr) or Merino x Scottish Blackface (28.16
hr) ewes (Land, 1970 a). A significant positive relation-
ship between duration of heat period and prolificacy was
observed. Litter size was increased .01l lamb for every 1
hr increase in the length of the heat period. Donald and
Read (1967) reported that purebred Finnish Lahdrace ewes in
Britain exhibited a heat period of 48 hr or longer.

In addition to breed and season differences, studies
have also reported differences in litter size for ewes.of
various ages. Notter and Copenhaver (1980) observed that
among Finnish Landrace x Rambouillet ewes, litter size
increased with increasing age. In Britain, purebred Finnish
Landrace ewe lambs averaged 2.0 lambs in their first litter.
Average litter size increased to 3.0, 3.3, 3.4 and 3.4 for
2-, 3-, 4- and 5-yr-old ewes, respectively (Donald and Read,
1967).

Maijala and Osterberg (1977) reviewed productivity of

Finnish Landrace ewes in 13 countries. Mean litter sizes
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for 1- and 2-year old, and aged ewes (ewes ranging in age
from 3 to 9 years) were 1.84, 2.45 and 2.82, respectively.
Conversely, Goot and Maijala (1977) observed that individual
litter size was not affected by age of ewes. However, the
average litter sizes at first lambing were 1.6, 1.9 and 2.6
for ewes with average ages of 324, 384 and 534 days, respec-

tively.

Birth and Preweaning Traits

The potential for reducing the cost of lamb production
is greatest through increased reproductive rate. Larger
litter sizes and a greater number of lambs produced per ewe
per year can increase individual ewe productivity as well as
the productiyity of the entire flock. However the advantage
of increased reproductive rate is not realized if lambs are
dead at birth, have extremely low birth weights, die prior
to weaning, have poor growth rates, or have low weaning
weights.

- Birth weight has been found to be affected by season of
birth, birth type and sex of lamb as well as by breed and
age of dam. Stritzke and Whiteman (1982) compared birth
weights for crossbred ewes lambing in fall (October and
November), winter (January to March) and summer (June and

July). Winter-born lambs (4.78 kg) were heavier at birth
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than summer-born lambs (4.45 kg) and heavier than fall-born
lambs (3.50 kg). This result was comparable to the observa-
tions of Gould and Whiteman (1971) who reported that
spring-born lambs (from Dorset, Rambouillet and Dorset x
Rambouillet ewes) were .94 kg heavier at birth than fall-
born lambs. Single lambs were .99 kg heavier at birth than
twins and 1.60 kg heavier than triplets; ram lambs were .21
kg heavier at birth than ewe lambs (Stritzke and Whiteman,
1982). Lambs from 3/4-Rambouillet ewes were heavier at
birth than those ffom l/4- or 1/2-Rambouillet dams.
Minnesota workers (Oltenacu and Boylan, 1981b) reported
that litter size had the greatest influence on birth weight,
observing a difference of over 2 kg between birth weights of
single and quintuplet lambs. Birth weight declined as 1lit-
ter size increased, with the largest decrease occurring
between singles and twins. Male lambs averaged .28 kg heav-
ier than females at birth. The heaviest lambs at birth were
purebred Targhee (3.93 kg) and Suffolk (3.90 kg) lambs, and
the lightest were Finnish Landrace lambs (2.60 kg). Birth
weight was observed to increase as the age of the dam
increased. Large differences were reported between lambs of
1- and 2-yr-old ewes (+.43 kg) and between lambs of 2- and

3-yr-old ewes (+.42 kg).
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Similarly, Magid et al. (1981) reported that lambs born
as twins or triplets had lower birth weights (-.9 kg and
-1.7 kg, respectivély) than lambs born as singles. Lambs
from Hampshire ewes were heaviest at birth (4.1 kg), and
lambs from 1/2-Finnish Landrace and Rambouillet ewes were
lightest (3.6 kg and 3.7 kg, respectively). Birth weight
was observed to increase significantly with age of dam.

Many of the same factors which affect birth weight are
also responsible for differences in survival to weaning,
growth rate and weaning weight. Fogarty et al., 1984a
reported that lamb survival was lowest in January (86.5%)
when litter size was largest and highest in September
(93.4%) when litters were smallest. Dickerson et al. (1975)
found that lambs born as twins were less viable at birth
(-1.5%), at 4 wk (-9.8%) and when weaned at 10 wk of age
(12.49%) than comparable single-born lambs. Triplet lambs
had markedly lower survival rates than singles. Ram lambs
were observed to be 3% less viable prior to weaning than ewe
lambs. Little difference in percentage of lambs born alive
or surviving to weaning was observed between straightbred
and crossbred lambs.

Magid et al. (1981) reported that lambs born as tri-
plets or twins had poorer survival to weaning (approximately

5 wk of age) than lambs born as singles (40% and 62%, vs
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789%, respectively). Survival (adjusted for type of birth
and rearing) was highest for lambs of 1/2-Finnish Landrace
ewes (67%), followed by those of Rambouillet (62%), Targhee
(58%) and Hampshire (54%) ewes. Similarly, Oltenacu and
Boylan (1981a) reported higher survival to weaning for Fin-
nish Landrace lambs born alive (97.5%) than for Targhee
(85.2%) and Suffolk (76.8%) lambs. Survival rates of lambs
of Finnish crossbred ewes were nearly as high as those of
lambs of Dorset-cross ewes when ewes lambed at 1 to 3 yr of
age (Donald et al., 1968). Cedillo et al. (1977) reported
tﬂat Finnish Landrace-sired ewes weaned more lambs per ewe
bred (.77 lamb) than Dorset- (.42 lamb), Cheviot- (.38
lamb), and Romney- (.27 lamb) cross ewes.

Fogarty et al. (1984a) reported that mean lamb weights
at weaning (5 to 10 wk) were lower in May (10.9 kg) than in
January (11.5 kg) and September (11.5 kg). Oklahoma workers
(Stritzke and Whiteman, 1982) reported that winter-born
lambs weighed more (28.55 kg) than either fall-born (25.62
kg) or summer-born (24.76) lambs at 70 d of age. Similarly,
Gould and Whiteman (1971) reported that spring-born lambs
were 2.54 kg heavier at 70 d of age than were fall-born
lambs.

At 70 d of age, the difference between single-born,

single-reared and twin-born, single-~-reared lambs was .75 kg
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and the difference between single-born, single-reared and
twin-born, twin-reared lambs was 5.48 kg (Stritzke and
Whiteman, 1982). Ram lambs were 2.15 kg heavier at 70 d
than were ewe lambs.

An increase in age of dam also had a positive effect on
weaning weight at 70 4 (Oltenacu and Boylan, 1981 b). The
greatest differences were observed between 1- and 2-yr-old

dams (+3.40 kg) and between 2- and 3-yr olds (+1.93 kg).

Ewe Weight

Ewe weight prior to mating can influence reproductive
performance in many ways. In particular, ewe weight may
potentially influence fertility, ovulation rate, litter
size, litter birth weight and individual ewe feed costs.

Adalsteinsson (1979) examined the effects of live
weight and body condition on fertility and productivity of
Icelandic ewes. Fertility increased 1linearly with 1live
weight at 8 wk prior to mating and was also influenced by
body condition score and weight change. Ovulation rate var-
ied with ewe weight prior to breeding; heavier ewes tended
to have larger litters.

Ewes with live weights greater than the mean had sig-
nificantly higher ovulation rates than ewes with 1live

weights below the mean (Cumming, 1972). Heavier ewes also
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had a higher incidence of multip;e births (46%) than lighter
weight ewes (30%). In Australian breeds, a 2.5 to 3.0%
increase 1in ovulation rate for each 1 kg increase in ewe
weight was observed (Cumming, 1977).

Edey (1968) investigated +the relationship between
breeding weight at the time of ovulation and ovulation rate
for Merino ewes in Australia. Below 35 to 37.5 kg, ovula-
tion rate was approximately 105% and did not vary signifi-
cantly with ewe weight. However, above this level, for each
2.5 kg increment in breeding weight, there was at least a 5%
increase in ovulation rate (up to a weight of 53 kg) and at
least a 10% increase per 2.5 kg within the weight range of
40.4 to 48.4 kg.

In contrast, Geisler and Fenlon (1979) found no signif-
icant relationship between lambing performance and ewe
weight for several commercial flocks in the U.K. In an
attempt to explain this apparent contradiction to the exist-
ing literature, they defined "threshold" body conditions
around which the ovulation rate would increase from zero to
one and again from one to two. Thus, if a study involved
ewes at two different body conditions which‘were clearly on
different sides of a threshold 1level, an effect of ewe
weight on ovulation would be observed. However, 1if ewes
were similar in weight and body condition, no effect on ovu-

lation would be seen.
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Spedding et al. (1972) observed an increase in litter
birth weight for a given number of lambs with increased ewe
weight. Thus, heavier ewes required more feéd in proportion
to the greater fetal weight.

Geisler and Jones (1979) reported that total energy
requirements for lighter ewes were considerably lower than
for ewes at heavier weights. The energy requirements of the
ewe was dependent on total fetal weight and not on litter

size.

Longevity and Lifetime Productivity

In a study conducted by Notter and Copenhaver (1980),
the higher productivity of 1/2-Finnish Landrace ewes in
accelerated lambing was shown to have no effect on longevity
through 5 or'6 yr of age when litters were reduced to two
lambs at birth. The 1/2-Finnish Landrace ewes were superior
to 1/4-Finnish Landrace and Suffolk x Rambouillet ewes in
total number of lambs born and weaned, and kilograms of lamb
weaned. Even when 1litters were reduced to two lambs at
birth, the 1/2-Finnish Landrace ewes weaned an average of
129 more Kkilograms of lamb than 1/4-Finnish Landrace ewes
and 17 more kilograms of lamb than the Suffolk x Rambouil-
lets. Similarly, Goot and Maijala (1977) examined the cumu-

lative effect of a continuous twice-yearly lambing program
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on reproductive performance of Finnish Landrace ewes in Fin-
land. No decline in reproductive performance due to years
spent in the system could be detected through 5-1/2 yr of
age.

Finnish Landrace crossbred ewes were equal in longevity
(measured as a ewe's age in months when she died or was
culled from the study or, for surviving ewes, her age when
the study was terminated) to Dorset and Romney crosses,
while Cheviot-cross ewes had shorter life spans (Hohenboken
and Clarke, 198l1). Longevity was greater under the manage-
ment system in which productivity was greater. When nutri-
tion and environment were poor, Finnish Landrace cross ewes

had shorter life spans than any of the other breed groups.

Seasonal Variation in Ram Performance

Fertility in the domestic ram undergoes continual sea-
sonal changes. Although semen is produced and rams are usu-
ally capable of siring offspring throughout the vyear, a
period of reduced fertility exists for several months during
the late spring and early summer.

Mickelsen et al. (1981) reported marked seasonal varia-
tion in scrotal circumference and sperm morphology for both
Suffolk and Lincoln rams. Mean scrotal circumferences were

highest in October, 36 and 37 cm, respectively, for Suffolk



and Lincoln rams. Percentage of morphologically normal
sperm was highest in October (92.8%) for both breeds and
lowest for February (56.1% and 58.8Y%, respectively, for Suf-
folk and Lincoln rams). |

Seasonal variation in testis diameter and sperm output
was studied in Finnish Landrace, Merino and Finnish Landrace
X Merino rams throughout thé year (Islam and Land, 1977).
All breed groups showed significant seasonal fluctuations in
testes diameter, exhibiting minimal wvalues in late spring
(April through July) and maximal values in winter (November
through December). Regression in testes diameter was shown
to take place earlier in the year for Merino rams and was
essentially complete by March.

Seasonal variation in semen production and sperm qual-
ity have been reported to exist between breeds. Ile-de-
France and Prealpes du Sud rams showed greater seasonal var-
iation in sperm production than did rams of two other French
breeds (Dacheux et al., 1981). Furthermore, Ile-de-France
rams showed the greatest variation in sperm concentration
between the breeding and non-breeding season. Similarly,
Barrell and Lapwood (1979) observed an increased tendency of
Romney and Merino rams to exhibit seasonal fluctuations in
ejaculate volume, spermatozoal numbers and seminal fructose

when compared to Dorset rams.
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Land (1970 b) observed no differences in seasonal
changes in semen quality between Finnish Landrace and Merino
rams, but reported that the libido of l-yr-old Finnish Land-
race rams was greater during the spring and summer months
than that of Scottish Blackface rams at the same age. Dif-
ferences in libido between the two breeds seemed to disap-
pear at 2 yr of age. Schanbacher and Lunstra (1976) moni-
tored sexual activity in Finnish Landrace and Suffolk rams
over a 12 mo period. Mating activity was highest during the
peak breeding season (October) and declined by 50% by late
spring and early summer. Libido scores (a measure of séxual
aggressiveness) were highest for Finnish Landrace rams
throughout the year.

In Soay rams (a breed recognized for beind extremely
seasonal) exposed to long days, plasma levels of gonadotro-
phins became very low and testicles regressed to approxi-
mately 20% of their maximum size (Lincoln et al., 1977).
Plasma levels of LH and FSH as well as testosterone begin to
rise between days 6 and 12 of short days, and rose progres-
sively until day 33 to 54 before declining again. Testicu-
lar growth began on days 19 to 26 and continued throughout

the short day period (Lincoln and Peet, 1977).



MATERIALS AND METHODS

Collection of the Data

Animals

The data for this study were collected at the Virginia
Polytechnic Institute and State University (VPI&SU) Sheep
Center in Blacksburg, Virginia. To derive the ewes for this
study, 30 Finnish Landrace (Finn) ewes from the US Meat Ani-
mal Research Center, Clay Center, Nebraska, 82 Dorset ewes
chosen at random from the VPI&SU purebred Dorset flock, and
57 3/4-Rambouillet, 1/4-Finn ewes from the VPI&SU research
flock were mated to one of 6 Finn rams from Cornell Univer-
sity (representing two sire lines), 4 Dorset rams from the
VPI&SU flock, 2 Barbados Blackbelly rams from Mississippi
State University or 2 Rambouillet rams originating from a
Texas flock to derive the ewes for this study. Thirty-four
grade Rambouillet (7/8~-Rambouillet, 1/8-Finn), 30 Dorset, 21
Finn, 10 Dorset x Finn, 23 Finn x Dorset, and 34 Barbados
Blackbelly x Dorset ewes resulting from these matings were
used. As indicated in Table 1, ewes were born in 1979 or
1980 with the exception that no Rambouillet ewes were born

in 1980. Ewes remained in the study for five matings (with

. 45
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TABLE 1., NUMBER OF EWES ENTERING THE STUDY

Ewe birth year

Ewe = eeeeme—eeee- —————— e
breed 1979 1980 Total
Dorset 21 9 30
Finn 10 11 21
Blackbelly x Dorset 13 21 34
Dorset x Finn 6 4 10
Finn x Dorset 15 8 23
Rambouillet 34 34
Total 99 53 152
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the exception of 1980-born ewes which were present for four
matings) or until they died or were culled for physical
defects rendering the ewe non-functional (i.e., mastitis,
prolapse, etc.). Numbers of potential matings by ewe birth

year, ewe breed and mating season are given in Table 2.

Management

Ewes born in 1979 were bred in April, 1980; November,
1980; August, 1981; May, 1982; and April, 1983. The
1980-born ewes entered the study at the November, 1980 mat-
ing. For the first and ‘third matings (April, 1980 and
Bugust, 1981, respectively), ewes were bred to Suffolk ?ams.
For the second mating, both Hampshire and Suffol% rams were
used. Suffolk and Dorset sires were used for the May, 1982
mating to avoid any limiting effects the sire breed may have
imposed on conception rate. Over 75% of the lambs born as a
result of the May, 1982 mating were sired by Dorset rams.
Only Dorset rams were used for the April, 1983 mating due to
the high percentage of white-faced lambs resulting from the
May, 1982 mating. |
. Spring and winter lambings (November, 1980 and August,
1981 matings) took place inside a barn or shelter, whereas
fall lambings (April, 1980; May, 1982 and April, 1983 mat-

ings) took place outside. Third and fourth lambs from mul-
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tiple births were cross-fostered or sold at 1 to 3 d of age
if the éwe was unable to nurse them successfully. Ewes were
credited with only lambs they raised, and the ewes nursing
cross-fostered lambs were not credited with having raised
those additional lambs. Ram iambs were castrated (with the
exception of those born as a result of the April 1983 mat-
ing) and all lambs were docked at 10 to 14 d of age.

Ewes were maintained on pasture during the grazing sea-
son and on alfalfa hay during the winter. Grain was fed
during late gestation beginﬁing 30 d prior to parturition
and continuing through early lactation. Ewes and lambs were
moved to a barn with expanded metal floors at 3 d postpartum
at which time creep feeding began for the lambs. Lambs were

weaned at an average age of 40 to 50 d.

Records

Information recorded for each ewe each year included
lambing date, number of lambs born and number of lambs
reared (alive at 2 wk). Ewes weights were also taken for
each ewe on April 1, 1980; August 5, 1981; May 7, 1982;
April 7, 1983 and November 11, 1983. Information recorded
for each lamb included date of birth, birth weight, sex,
type of birth, type of rearing (to 2 wk of age), weaning

date, weaning weight and sire breed. In addition, average
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daily gain to weaning (ADG) was calculated for each lamb as

(weaning weight-birth weight)/age at weaning.

Statistical Analyses

Two analyses were conducted, one for ewe performance
and another for lamb performance. Variables included in the
ewe analysis were conception rate (fertility), litter size
(per ewe lambing and per ewe exposed), number reared (per
ewe lambing and per ewe exposed), lambing date, ewe body
weight, and longevity traits (days in the study and percent-
age of ewes completing the study).

Variables included in the analysis of the lamb data
were birth weight, percentage dead at birth or shortly after
(within 3 d), percentage surviving to weaniné,A weaning

weight, and average daily gain from birth to weaning (ADG).

Ewe performance

The analytical model used to describe ewe performance

was:
Xiqer S B * ¥ * By * S * (BS) 50 Y Ejq1 Y %591

th .th
where Xijkl was the performance of the 1 ewe of the j
breed (j =1, 2, 3, 4, 5, 6 for 1979-born ewes and j = 1, 2,

3, 4, 5 for 1980-born ewes) and the ith

‘birth vyear (i =1,
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2) mated in the k% season (k = 1, 2, 3, 4, 5 for 197S-born
ewes and k = 1, 2, 3, 4 for 1980-born ewes). The overall
mean was p and was common to all observations; eijkl was the
random error associated with each observation. Random ewe
effects (E) were nested within ewe breed and ewe birth year.

The effects of ewe birth year and ewe breed nested
within ewe birth year were tested using the between-ewe mean
square. Season effects were tested with the error mean
square. Ewe effects (Eijl) and error (eijkl) were consid-
ered to be independently and randomly distributed with mean

. 2 .
zero and variances o and 0o respectively; all other

E
effects were considered fixed.

This model was used to analyze all ewe traits except
body weight and ewe longevity traits. Both of these traits
were analyzed in a model including only effects of ewe birth
year and ewe breed nested within ewe birth year.

Sums of squares were calculated by procedures outlined
by Harvey (1970). The sum of squares for the ewe effect was
calculated from the reductions (R) in sums of squares using
two models as R(u,E,F) - R(u,F) which is the difference in
the total sum of squares between a model including the mean
and a model including (u), random ewe effects (E) and all

fixed effects in the model (F) and a model including u and

F.
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Lamb performance

The model used to describe lamb performance was:

Z =pup+ Y. +B.. + 8 + (BS). .

ijklm i ¥ By ik ijg ¥ by + (Sh) *

ikl © ®ijklm

th

where Zi. was the performance of the m lamb from the

jKklm
jth breed of ewe and the ith ewe birth year conceived in
the kth season; u, Yi' Bij’ Sik' (BS)ijk, and eijklm were
the same as the effects described previously for the ewe
performance model. The Ll was the effect due to the lth sex
of the lamb (1 = 1,2). All effects included in the lamb
performance model were considered to be fixed.

In a supplemental analysis, sire breed was included in
the analysis to determine the effect of sire breed on birth
weight and ADG for seasons in which more than one breed of
ram was used. In November, 1980 (when both Hampshire and
Suffolk rams were used) Suffolk-sired lambs had an advantage
in ADG of .02 kg, whereas no breed difference was detected
in birth weight. In May, 1982 (when both Dorset and Suffolk
rams were used) Dorset-sired lambs were .09 kg heavier at
birth than the Suffolk-sired lambs and showed no difference
in ADG. Birth weights of Dorset-sired lambs in May, 1982
and ADG's of Hampshire-sired lambs in November, 1980, were

subsequently additively adjusted to a Suffolk-sired base

before fitting the final lamb performance model. Thus, all
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lamb data is expressed in terms of Suffolk sires except for
results from April, 1983 at which time only Dorset sires

were used.



RESULTS AND DISCUSSION

Ewe Performance

Analysis of variance per ewe exposed

Mean squares for ewe performance (per ewe exposed) are
presented in table 3.

Pregnancy rate. Pregnancy rate (number of ewes lambing

per number of ewes exposed) differed (p < .01) among breed
groups for ‘1979-born ewes and tended to differ (p < .01) for
1980-born ewes. Season effect and ewe breed by season
inferaction were significant for 1979-born ewes only. The
random ewe effect was also highly significant. However, ewe
birth year was not a significant source of variation. When
Rambouillet ewes were excluded from the analysis (table 4),
the random ewe and season effects remained significant, the
ewe breed effect only tended toward significance and the ewe
breed by season interaction was no longer significant.
Thus, the interaction effects were apparently attributable
primarily to the Rambouillet ewes.

Least squares means for pregnancy rate for both 1979-
and 1980-born ewes are presented in table 5. For 1979-born

ewes, mean pregnancy rates tended to be highest for matings

54
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occurring during the normal breeding season (November, 1980
and August, 1981) and lowest for matings that were clearly
out-of-season (April, 1980 and May, 1982) with the exception
of April, 1983 mating at which time pregnancy rates equalled
those recorded during fhe normal breeding season. The low-
est mean pregnancy rate (57.3%) was recorded in April 1980,
primarily due to the particularly poor performance of the
Rambouillet (11.7%) and Dorset (45.4%) ewes. No meaningful
differences in average pregnancy rate among seasons were
observed for 1980-born ewes. Results fof overall pregnancy
rates during the breeding season were in general agreement
with those reported by Notter and Copenhaver (1980) (90% for
August and 70% for November) and by Dzakuma et al. (1982)
(91.8% for winter and 90.6% for fall). Although results
from this study showed a decline in overall pregnancy rates
for April, 1980, and May, 1982, they were not as low as
those suggested by Notter and Copenhaver (1980) (53% for
April) or by Dzakuma et al. (1982) (47.2% for spring).

-For 1979-born ewes, Dorset x Finn ewes tended to have
the highest mean pregnancy rate (93.4%) followed closely by
Barbados Blackbelly x Dorset (Blackbelly x Dorset) (89.3%)
and Finn (88.1%) ewes. Finn x Dorset, Dorset, and Rambouil-
let ewes had the lowest mean pregnancy rates (74.6%, 72.8%

and 65.4Y%, respectively). However, mean pregnancy rates for
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1980-born ewes were highest for Blackbelly x Dorset (99.8%)
followed closely by Finn (92.0%) and Dorset (91.1%) ewes.
Pregnancy rates for these breed groups ‘were considerably
higher than those of Dorset x Finn (74.8%) and Finn x Dorset
(72.7%) ewes. Mean pregnancy rates for 1979-born ewes
tended to be somewhat lower than for 1980-born ewes, prima-
rily due to the generally poor pregnancy rates in April,
1980 (1980-born ewes were not present for this mating).
This may also explain the considerably higher mean pregnancy
rates for 1980-born versus 1979-born Dorset ewes (1980-born
ewes were not preseﬁt for the April, 1980 mating, during
which time the performance of the 1979-born Dorset ewes was
extremely poor).

Although pregnancy rates for 1979-born ewes were lowest
for April, 1980, they showed considerable improvement for
the April, 1983 mating. Therefore, it seems reasonable that
the poor performance of 1979-born ewes in April, 1980 could
be attributable to effects of maturity as well as to effects
of season. The extremely high pregnancy rate for the Finn
ewes in April, 1980 suggest that limiting effects of matur-
ity were less severe for Finn ewes than for ewes of other
breed groups. Ram breed effects may have also contributed
to this large difference in pregnancy rates between the

April matings; Suffolks were used for the April, 1980 breed-
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ing and Dorsets were used for the April, 1983 breeding. For
the May, 1982 mating, when both Suffolk and Dorset rams were
used, over 75% of the lambs born were sired by Dorset rams.
Thus, pregnancy rates resulting from the April, 1980 and
April, 1983 matings may have been due to differential fer-
tility for the rams of these breed groups.

During the normal breeding season (November, 1980 and
August, 1981) pregnancy rates were high for all breed groups
for 1979-born ewes. However, for 1980-born ewes, Finn and
Blackbelly x Dorsets tended to have the highest pregnancy
rates and Dorset X Finn énd Finn x Dorset ewes tended to be
lowest. The high August pregnancy rates for Finn ewes in
this study agreed with the findings of Cedillo et al. (1977)
and Speedy and FitzSimons (1977) but were in contrast to
results reported by Fogarty et al. (1984a,b) who observed
that pregnancy rates for August were lower for purebred Finn
ewes (52.0%) than for Rambouillet, Dorset or Finn-cross
ewes.

For the ‘last two out-of-season matings (May, 1982 and
April, 1983), pregnancy rates were highest for Blackbelly x
Dorsets and Dorset x Finns among 1979-born ewes, and highest
for Blackbelly x Dorsets among 1980-born ewes.

Although 1979-born Finn ewes showed extremely high

pregnancy rates for April, 1980 and April, 1983 (90.1 and
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100.17%, respectively), pregnancy rates were considerably
lower in May, 1982 (60.1%). This suggests that although a
considerable number of Finn ewes exhibited estrous activity
in April, there was a sharp decline in May (as indicated by
pregnancy rates) suggesting that the Finn ewes may have been
entering a period of anestrus. The high pregnancy rates for
Finn ewes in April, and fairly poor pregnancy rates in May
were in general agreement with those reported in the litera-
ture. The sharp decline in pregnancy rates for 1979-born
ewes in May, 1982 strongly supported findings by Goot and
Maijala (1977) indicating that the frequency of estrus among
Finn ewes was near maximum in April, but declined considera-
bly in late spring (May to July).

For 1979-born ewes, Finn x Dorsets appeared'to be much
more Finn-like in nature than did Dorset X Finn ewes for ewe
performance traits. Like the Finn ewes in this study, the
mean pregnancy rate for Finn x Dorset ewes in May, 1982
(57.2%) was quite low, whereas, the pregnancy rates averaged
over all seasons were higher for Dorset x Finn (93.4%) than
for Finn x Dorset (74.6%) ewes. This difference between
recriprocal crosses could be attributable to either the
source of Finn germ plasm or to maternal breed effects on
subsequent ewe performance. For 1980-born ewes, pregnancy

rates in May, 1982 for the reciprocal crosses were similar
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(68.6% for Finn x Dorset and 74.8% for Dorset x Finn ewes).
Unlike mean pregnancy rates averaged over all seasoné for
1979-born ewes, mean\pregnancy rates averaged over all sea-
sons for 1980-born ewes were similar for Finn x Dorset
(72.7%) and Dorset x Finns (74.8%).

Number of lambs born and reared. Both number of lambs

born and number reared (alive at 2 wk) per ewe exposed
(table 3) were affected by ewe breed (p < .001 and p < .05,
respectively for 1979-born ewes and p < .01 for 1980-born
ewes), season within the 1979 birth year (p < .001), ewe
breed by season interaction within the 1979 birth vyear (p <
.05 and p < .001, respectively) and random ewe effects (p <
.001). The least squares analysis of variance for perform-
ance of only 1979-born ewes, excluding Rambouillets (table
4) showed that ewe breed and season effects remained signif-
icant for both number born and number reared. However,
while the ewe breed by season interaction was still signifi-
cant for number reared it was no longer significant for num-
ber of lambs born. Also, random ewe effects remained sig-
nificant for number of lambs born but was no longer
significant for number of lambs reared.

Least squares means for number born and number reared
(for both 1979- and 1980-born ewes) are presented in tables

6 and 7, respectively. Litter size per ewe exposed for
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1979-born ewes was lowest in April, 1980 and highest for
ewes mated in August, 1981 (accurately reflecting differ-
ences in pregnancy rate for these seasons). Similarly, num-
ber of lambs born per ewe exposed tended to be highest for
ewes mated in August, 1981 among 1980-born ewes. However,
number of lambs born per ewe exposed for 1980-born ewes was
lowest for the November, 1980 mating. The poor November,
1980 pregnancy rate may have been due to effects of maturity
at mating as well as season effects. Season differences in
number of lambs born per ewe exposed were primarily a func-
tion of differences in litter size than of differences for
1980-born ewes; pregnancy rates differed little among sea-
sons for these ewes. rate for 1980-born ewes. These season
differences were also reflected in number of lambs reared
per ewe exposed.

Breed means for number of lambs born per ewe exposed
were highest for Finn ewes of both ewe birth years primarily
due to the large mean litter sizes of the Finn ewes. How-
ever, both 1979- and 1980-born Finn ewes were second to
Blackbelly x Dorset ewe§ for number reared per ewe exposed.
This implies that survival for lambs of Blackbelly x Dorset
ewes was superior to that for lambs of Finn ewes. Also,
number reared per ewe exposed for Finn ewés was extremely

low in May, 1982, and led to a significant breed x season
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interaction. This effect largely reflects the poor preg-
nancy rate of the Finn ewes in this season.

Among 1979-born ewes, Dorsets and Rambouillets had the
lowest mean number of lambs born and reared, primarily due
to the particularly low litter sizes and poor pregnancy

rates for the April, 1980 mating for these breed groups.

Analysis of variance per ewe lambing

Mean squares for ewe performance (per ewe lambing) are
presented in table 8.

Lambing date. Ewe birth year (p < .001), ewe breed for

1979- and 1980-born ewes (p < .001 and p < .01, respec-
tively), season for 1979- and 1980-born ewes (p < .001 for
both birth years), ewe breed by season interaction within
the 1979 birth year (p < .001) and random ewe effects (p <
.01) all affected lambing date. When Rambouillet ewes were
not included in the analysis for the 1979-born ewes, (table
9) season was the only effect which remained highly signifi-
cant. The effect of ewe breed, ewe breed by season interac-
tion and the random ewe effect only tended toward signifi-
cance.

Table 10 contains least-squares means for lambing date
(expressed as Julian days). On average, 1979-born Finn ewes

lambed earlier than ewes of other breed groups, being par-
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ticularly early for both April, 1980, May, 1982, and April,
1983 matings. Dorset and Rambouillet ewes were later than
average, being especiglly late for the April, 1980 and
April, 1983 matings. Therefore, it seems that for 1979-born
ewes, breed differences in mean lambing date were associated
with the ewe's ability to mate and conceive early in the
out-of-season matings (assuming equal gestation lengths for
all breed groups). For 1980-born ewes, Dorsets had a mean
lambing date which was later than for all other breed
groups. This result was generally consistant across mating
seasons; no breed x season interaction was observed.

Number of lambs born and reared. Both number of lambs

born and number reared per ewe lambing (table 8) were
affected by ewe breed (p < .001 for both traits of 1979-born
ewes and p < .05 for both traits of 1980-born ewes) and sea-
son within the 1979 birth year (p < .001 for both traits).
For number of lambs reared, the ewe breed X season interac-
tion was significant for both birth years and the ewe birth
year effect approached significance. Random ewe effects
affected only the number of lambs born per ewe lambing (p <
.001).

Least squares means for number of lambs born and number
reared are presented in tables 11 and 12, respectively. For

1979-born ewes, number born and number reared were lowest



71

LLeFOL LL*Fo" 1 LL°F9g° | OoL*FeEY- | uespn
9L F98° L 8T ¥gs° L Sc¥eLct 8c Fel¢C 9C°*FS6° 1 388100 X UUTH
CCFGL L CEFCI9° L ob ¥2i-¢ cETFIY L CE*FC9 L UuTgd X 3esaog
80°¥G9°1L PL*F65° 1L bPL°¥88° 1L gL ¥68°1L L ¥pge L 195100 X ATTaouyoeld
AR IAAA TAR YA AN oc FLe*¢ gL ¥8L°¢ LiL¥gl*¢ uuTd
L FOV°L S ¥9LL gce¥gh L AR} Al e FIpLeL 39s1od (0861
80°FL8° 1 60°FLL°C LO*FC0°C LO*¥86° L OL*FLb°L ueapn
80°F69°1L €L°F88" L L FL9"L cL ¥g8° 1 tLeFi18°1 Le*¥GC L 3IS3TT Tnoquey
oL*¥vec LZ*¥L0°C 4C*Fis°¢ gL ¥ce"C 8L F¥ob ¢ Lz ¥88° 1L 3I98sa0Q X uutyq
ELFeL L 9Z°F9L° L 9¢°¥9lL°C 9C°¥00°¢C SC F9L"L 6C°FE0" L uutd X 39saod
60°F6L" L 0z °¥88° L 81°¥00°C 9L°¥10°¢ 8L FCZ8 L (AR TAAN! 319s10gd X ATT99yoeld
oL*¥8L"C 81°F9C°¢C vee¥Le e 8L*F9L°C 6l°F29°¢C 0C*F0s° L ’ uuty
60°F59° 1 XA J0) AN bz ¥s6° L 9L Fv8° L gL Fgb L Lg"¥8s° 1 38sIod 6.6l
uespy €8 Ttady 8 Aep 18 asnbny 08 asquaaoy 08 1tady dnoab Iealk
||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| pesiq yraiq
Ij3ep burpeaig amdg oMy
SHOSVIS SNOIYvVA
NI SANOY¥S qHIYd aMd dOd ONIIWYI AMI ddd NYOd SaWVT JO dIdWAN 404 SNYAW SANYNOS-LSYAT Ll dAT4YL



72

M T 3e 9ATTE IaqunN

vi*FpzeL AR T3 A1 €L Fge" L gLFiz 1L ueay
Lre¥Fze GeFeL° L 0g°¥gz° 1L se o L A RET3 A1 39sI0g X uutg
T FpE" L 6€°F€9° 6v°¥80°¢C 6€°¥L6" 6£°F€9° L uutd X 3esioq
80°+ZG° L L1°F65°1 LL*FLL®L SL°¥69°1 GL*+60° 1 39s10a x A1T19qyoeld
TL FpY L sz ¥zT L 1ZAEE1-2d} (AARS 7: 281 (kA3 RN uuty
SL*¥G0°1 LE*¥G9° | 8T °¥58° LZ°F10°t LZ°¥89° 398100 0861
60°F€G° L 0L°¥G9° 1 80°F19°1 80°¥F¥9°1 LL*Fz6® uesK
80°¥8b° 1L vic¥eLL TRET] A1 gL FhL L ZL°¥29" 1 €e*¥08° 39T T Tnoqurey
OL°¥p9°1 X AL 1 AN LZ*FYS° L 6L°F¥8° 1L 6L°¥6L" 1 ZTe¥s5° 1 3}@sI0d X uutd
EL°FHZ L 8Z°¥LG° L 8Z° ¥FL6° 1 8z ¥L6° LT FLE"L LE*+VE" uutg x 38saod
60°¥g9° | 12°¥2Z6° 1 61L°F€9°L LL°¥8L" L 6L°FL8° L €2°¥60°1  39sxod x A{reqyoeid
oL*F1G°1L 0Z°¥00°1 9z°+¥85° 1 0zZ°+06° L 12°¥L6" 1L 1Z°¥80° 1 uutd
60°FLg"L GZ*¥Zs* 1 9Z°¥89°1 LL*FOb° L Lie¥ezeL ceeteL 198100  6L61
uesp €8 Tt1ady 8 Ken 18 3Isnbny 08 ISqWaAO0N 08 Ttady dnoiab aeak
||||| e pa9siaq Yyaatq
93ep buipaaag amia amy
SNOSVAS SNOIYVA
NI SdnO¥D aaIYE AMT ¥OJ ONIGWVT HMA ¥Ad JIUVEY SEWYT JO ¥IAWNN ¥Od SNVAW STUYNIS-ISYAT *Z1l ATAVL



73

for April, 1980, highest for November, 1980; August, 1981
and May, 1982, and showed only a slight decline for April,
1983. Number born and number reared were highest for May,
1982 and August, 1981, and lowest for November, 1980 for
ewes born in 1980. Thus, for both 1979- and 1980-born ewes
the lowest number for both traits was recorded for their
first lambing, indicating that age may have had a primary
effect. Although prolificacy is confounded with age, there
does not seem to be a dramatic decrease in litter size due
to season. The high mean litter sizes for the November,
1980 (for 1979-born ewes) and August, 1981 matings were
somewhat lower than those reported by Notter and Copenhaver
(1980) (2.21 for August mating) but higher than those
reported by Dzakuma et al. (1982) (1.80 for October and
November matings) and Fogarty et al. (1984a) (1.8 for August
mating). Mean litter size for the April, 1983 mating was
considerably higher than that reported by Fogarty et al.
(1984a) (1.4 for April mating) but similar to that reported
by Notter and Copenhaver (1980) (1.84 for April mating).
Mean litter sizes as a result of the May, 1982 mating (2.11
for 1979-born and 1.92 for 1980-born ewes) were higher than
those reported by Thomas and Whiteman (1979b) for ewes lam-

bing in October and November.
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Number of lambs born per ewe lambing for 1979-born ewes
was highest for Finn and Finn x Dorsets. However, number
reared was highest for Blackbelly x Dorset and Finn x Dorset
ewes. Similarly, number born for 1980-born ewes was highest
for Finns, but number reared was highest for Blackbelly x
Dorset ewes. Thus, in both birth years Finns had larger
litters than Blackbelly x Dorset ewes, but lamb survival was
considerably lower. The large mean litter size for
1979-born Finn x Dorset ewes was in agreement with the
results of studies conducted by Cedillo et al. (1977), Dza-
kuma et al. (1982), Land et al. (1973), Notter and Copen-
haver (1980) and Speedy and FitzSimons (1977) which con-
cluded that Finn-cross ewes had litter sizes greater than
those for other breed crosses. However, the similar litter
sizes for 1979-born Finn and Finn x Dorset ewes were in con-
trast to work done by Land et al. (1973) in which Finn ewes
had considerably larger 1litter sizes than either Merino x

Finn (1.7) or Finn x Merino (1.7) ewes.

Heterosis for ewe performance

Percentage heterosis (Dorset x Finn and Finn x Dorset
verses Finn and Dorset) for pregnancy rate and prolificacy
(per ewe lambing) for the various mating seasons are pre-

sented in table 13. Heterosis for pregnancy rate was vari-



TABLE 13, HETEROSIS (%) FOR EWE PERFORMANCE TRAITS
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Season Pregnancy rate? Prolificacyb
April, 1980 -.22+11.76 -.52
November, 1980 -8.69+7.26 9.63
August, 1981 -13.29%8.39 5.22
May, 1982 +77+£8.85 5.67
April, 1983 -10.174£9.23 -7.85
Mean® 5.72

‘801 7*8064

ANumber of ewes lambing per ewes exposed.

b

€1979-born ewes only.

Number of lambs born per ewe lambing.

dMean has been calculated over all seasons excluding April, 1980.
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able, ranging from -13.29% in August, 1981 to .77% in May,
1982 with a mean percentage heterosis for pregnancy rate of
-8.17%, but never approached significance. This variability
in heterosis for pregnancy rate may have been due to breed
differences in both the timing and duration of the breeding
season. Heterosis estimates for prolificacy were also quite
variable, ranging from 9.639% in November, 1980 to -7.85% in
April, 1983. The mean percentage heterosis, however, was
5.72% indicating that in general, the Finn x Dorset and Dor-
set X Finn ewes were better (for prolificacy) than the aver-

age of the parental breeds.

Analysis of variance for ewe weights

Mean squares for ewe weights are presented in table 14.
For weight I (only 1979-born ewes), ewe breed.was a signifi-
cant source of variation. Ewe weights differed among ewe
birth years for weight II (p < .001), weight III (p < .01)
and weight IV (p < .1). However, ewe birth year was not
significant for weight V. Therefore, as ewes got older, the
difference in age between 1979- and 1980-born ewes became

less important as a source of variation for ewe weight.
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Analysis of variance for ewe longevity traits

Table 15 contains least-squares means for ewe weights
throughout the study. Mean final weight over all breeds
(with the exception of Rambouillet ewes which were not
included in the mean) was 68.60 kg. The greatest increase
in mean ewe weight was observed between weights I and I1I
(+14.49 kg for 1979-born ewes); increases in ewe weight
between other weight periods were considerably lower but
generally consistant. Final ewe weight averaged over birth
years Qas heaviest for Dorset ewes (76.52 kg) and lightest
for Finn ewes (57.32 kg).

Table 16 contains mean squares for ewe longevity
traits. Longevity (total number of days in the study) was
significantly affected by ewe birth vyear and by'eWe breed
within the 1979 ewe birth year. For percentage of ewes com-
pleting the study, only the ewe breed effect for 1979-born
ewes was significant.

Least-square means for longevity and percentage of ewes
completing the study are presented in tables 17 and 18,
respectively. Mean number of days in the study averaged
over both birth years was highest for Finns and Dorset x
Finns (1151.9 and 1131.9 d, respectively) and lowest for
Dorset ewes (900.6 d). Among 1979-born ewes, Finn (1304.3

d) and Rambouillet (1228.9 d) ewes stayed in the study long-
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TABLE 17. TOTAL NUMBER OF DAYS IN THE STUDY FOR EWE BREED GROUPS

Ewe birth year

Ewe breed = = = =  —cemcmememmmmmccm e cmm e e m e e e
group 1979 1980 Mean
Dorset 956+ 59 845+ 90 901457
Finn 1304+ 85 1000+ 81 1152462
Blackbelly x NDorset 1188+ 75 970t 59 1079450
Dorset x Finn 1172£110 1092£134 1132192
Finn x Dorset 1113+ 69 901+ 95 100762
Rambouillet 1229+ 46
Mean? 1147+ 39 962+ 45

4Mean does not include Rambouillet ewes
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TABLE 18. PERCENTAGE OF EWES COMPLETING THE STUDY FOR EWE BREED GROUPS

Ewe birth year

Ewe breed = = = s meeccccc e e e e c e e s s e e c e e e e e e e m s e ———— =
group 1979 1980 Mean
Dorset 38.1t 9.6 55.6+14.6 46.8+ 9.2
Finn 90.0%13.8 81.8+13.2 85.9+10.0
Blackbelly x Dorset 61.5+12,.1 76.2% 9.6 68.9+ 8.1
Dorset x Finn 66.71;7.9 100.0+£21.9 83.3+14.8
Finn x Dorset 66.,7+11.3 75.0+£15.5 70.8+10.1
Rambouillet 85.3+ 7.5
Mean® 65.6% 6.2 77.7% 9.2

qMean does not include Rambouillet ewes
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est and Dorset ewes (955.7 d) remained in the study for the
shortest period of time. However, for 1980-born ewes Dorset
X Finns were in the study longer'(1092.0 d) and Dorsets left
the study earlier (845.4 d) than all other breed groups.
Therefore, it follows that a higher percentage (averaged
over both birth years) of Finn and Dorset x® Finn ewes (85.9
and 83.3Y%, respectively) completed the study, and that among
1979-born ewes, a higher percentage of Finns and Rambouil-
lets finished than for other breed groups. Furthermore, of
the Dorset ewes which began the study, only 46.89% finished.
These results are in contrast to those reported by
Hohenboken and Clarke (1981) in which Finn cross ewes were
reportedly equal in longevity (measured as a ewe's age when
she 1left or completed the study) to Dorset and Romney

crosses.

Lamb Performance

Analysis of variance for birth and preweaning traits

Table 19 contains mean squares for preweaning lamb per-

formance traits.

Birth weight. Birth weight was significantly affected

by ewe birth vyear, sex of lamb, ewe breed, season for

1979-born ewes, and ewe breed by season interaction.
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Least-square means for birth weight are presented in
table 20. Mean birth weights were generally higher for
lambs out of 1980-born ewes than for lambs out of 1979-born |
ewes. Mean birth weights for lambs out of ewes born in 1979
were highest for the November, 1980 and August, 1981 matings
(3.79 and 3.82 kg, respectively) and lowest for the April,
1980 and May, 1982 matings (3.48 and 3.51, respectively).
Birth weights for lambs out of 1979-born ewes mated in
November, 1980 and August, 1981 were relatively heavy
despite the large mean litter sizes during these seasons
(table 11). Conversely, lambs out of 1979-born ewes mated
in April, 1980 had unusually low birth weights when litter
sizes were small. Results for differences in birth weight
due to season generally agreed with results réported by
Strizke and Whiteman (1982) and Gould and Whiteman (1971)
indicating that birth weight was 1lightest for lambs born
during the fall.

Among 1979-born ewes, Rambouillets and Blackbelly x
Dorsets had lambs with the heaviest birth weights (4.70 and
4.42 kg, respectively) and lambs from Finn ewes had the
lightest birth weights (2.49 kg). Birth weights for lambs
from 1980-born ewes were heaviest for Blackbelly x Dorset
(4.38 kg) and lightest for Finn (3.18 kg) ewes. With the

exception of 1979-born Blackbelly x Dorset ewes, breed dif-
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ferences in birth weight accurately reflected differences in
litter size (ewe breeds which had lambs with the lightest
birth weights also recorded the larger litter sizes). The
low birth weights for lambs out of Finn ewes agreed with the
low birth weights for lambs out of Finn and Finn-cross ewes
reported by Oltenacu and Boylan (1981lb) and Magid et al.
(1981).

Birth weights for lambs out of Dorset ewes were highest
for ewes mated in November, 1980 and lowest for ewes mated
in in April, 1980, and May, 1982. Conversely, birth weights
for lambs out of Rambouillet ewes were highest for ewes
mated in May, 1982 and were lowest for ewes mated in Nerm-
ber, 1680 and April, 1983. Differences between birth
weights for lambs out of Dorset and Rambouillet ewes were
greatest for the May, 1982 mating. Birth weight differences
for lambs out of ewes from these breed groups were probably
the primary source of the breed x season interaction for
birth weight.

Ram lambs had heavier birth weights (3.85 kg) than did
ewe lambs (3.65 kg). Differences in birth weight due to the
sex of the lamb strongly supported those reported by both
Gould and Whiteman (1971) (.21 kg advantage for ram lambs),
and Oltenacu and Boylan (1981b) (.28 kg advantage for ram

lambs).
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Survival to weaning. Mean squares for percentage of
lambs dying (at birth or within 3 d), percentage sold (at 1
fo 3 d of age) and percentage weaned are presented in table
19. Percentage of lambs dying was significantly affected by
ewe breed and ewe breed X season interaction. Percentage of
lambs sold was affected only by season for 1979-born ewes.
Ewe breed, and season within the 1979 birth year were sig-
nificant for percentage weaned.

Table 21 contains least squares means for percentage of
lambs dead at birth or dying shortly after birth. Mean sur-
vival rate for lambs of 1979-born ewes was highest for ewes
mated in August, 1980; May, 1981 and April, 1983 and was
poorest for ewes mated in April, 1980 and November, 1980.
Conversely, for 1980-bqrn ewes, lambs from the August, 1981
mating had the poorest survival rate and lambs from the May,
1982 mating had the best. Survival was better for ewe lambs
(6.5% dying) than for ram lambs (8.5)% dying) despite the
heavier birth weights for the male lambs. Results from this
study tended to support the high survival rates for lambs
born in September (93.4%) and lower survival rates for Janu-
ary born lambs (86.5%) reported by Fogarty et al. (1984a).

For 1979-born ewes, lambs out of Blackbelly x Dorset,
and Rambouillet ewes had the best survival (.9 and 1.7%

dying, respectively) while lambs out of Finn and Dorset ewes
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had the poorest survival (11.4 and 10.1% dying, respec-
tively). Lambs out of 1980-born Finn, Dorset, and Finn x
Dorset ewes all had survival rétes which were low. With the
exception of the Dorset ewes, differences in lamb survival
accurately reflected differences in birth weights of lambs
out of ewes from the respective breed groups (table 20);
lambs with heavier birth weights had higher survival rates
and lambs with lighter birth weights had poor survival
rates. Survival rate for lambs out of 1979-born Dorset ewes
was poor despite a small mean litter size (table 11) and a
relatively high mean birth weight of their lambs. Thus,
survival rate of lambs out of Finn ewes was as good as sur-
vival rate of lambs out of Dorset ewes despite the larger
mean litter size and lower mean birth weight of lambs out of
Finn ewes.

Number of lambs sold soon after birth (in an attempt to
reduce litter size to two lambs) was highest for Finn x Dor-
set, and Dorset ewes (6.9 and 5.8%, respectively) and lowest
for Rambouillets (1.5%). Similarly, for 1980-born ewes, a
greater number of lambs were sold from Finn x Dorset and
Finn ewes (5.0 and 3.6¥%, respectively).

Least~-squares means for percentage of lambs weaned are
presented in table 22. Mean number of- - lambs weaned each
season was greatest for April, 1983 and lowest for the

April, 1980 mating.
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Among 1979-born ewes, Blackbelly X Dorsets weaned the
highest percentage of lambs (94.0%). However, for 1980-born
ewes, the highest percentage of lambs weaned was recorded by
Dorset x Finn ewes (99.0%) followed by Blackbelly x Dorsets

(94.2%) .

Analysis of variance for weaning weight and ADG

Mean squares for weaning weight and ADG are presented
in table 23. Weaning weight was significantly affected by
ewe birth year, sex of the lamb, ewe breed, ewe breed by
season interaction and weaning age. ADG was affected by ewe
breeds for 1979-born ewes (p < .05), ewe breed x season
interaction (p < .05 for 1979-born and p < .001 for
1980-born ewes) and weaning age (p < .00l1) but only tended
to be affected by (p < .1) ewe birth year, sex of lamb, ewe
breed for 1980-born ewes, season for 1980-born ewes and sex
of lamb by season interaction for 1979-born ewes. Results
from this study did not find season effects to be signifi-
cant for weaning weight as did Fogarty et al. (1984a),

Strike and Whiteman (1982), and Gould and Whiteman (1971).
Table 24 contains least-squares means for weaning

weight. Lambs born from 1979-born Rambouillet and Black-

belly x Dorset ewes had the heaviest weaning weights (17.66

and 17.26 kg, respectively) and lambs from Finn ewes had the
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lightest weaning weights (14.58 kg). However, for 1980-born
ewes, Dorset x Finn, Finn x Dorset and Dorset ewes produced
lambs with weaning weights that were not significantly dif-
ferent from those of Blackbelly x Dorset lambs. Weaning
weights for ram lahbs were heavier on average (16.69 Kkg)
than weaning weights for ewe lambs (16.20 kg).

Least-squares means for average daily gain to weaning
are presented in table 25. The lowest ADG for lambs out of
1979-born ewes was recorded for Finn ewes (.25 kg/day) and
the highest for Rambouillet and Blackbelly x Dorset ewes
(.28 kg/day). These differences in ADG are reflected in the

weaning weights for these breed groups.
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SUMMARY

In order to investigate the differential ability of
breed groups to mate and conceive out-of-season, a study
involving Dorset, Finn, Blackbelly x Dorset, Dorset x Finn,
Finn x Dorset, and Rambouillet ewes was conducted. Ewes
were born in 1979 and 1980 with the exception that no Ram-
bouillet ewes were born in 1980. Ewes were bred in April,
1980; November, 1980; August, 1981; May, 1982; and April,
1983 (1980-born ewes entered the study in November, 1980).

During the normal breeding season (November, 1980 and
August, 1981 matings) pregnancy rates were unifbrmly high
for all breed groups with the exception of 1980-born Dorset
X Finn and Finn x Dorset ewes which recorded pregnancy rates
considerably below the mean for those matings. Litter sizes
were high for both the November, 1980 and August, 1981 mat-
ings, particularly for the Finn and Finn x Dorset ewes; Dor-
set ewes had smaller litter sizes than all other breed
groups. However, number of lambs reared per ewe exposed (a
function of pregnancy rate, litter size and lamb survival)
was highest for Finn and Blackbelly x Dorsets. Rambouillet,

Blackbelly x Dorset, and Dorset ewes had the heaviest lambs
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at birth, while Finn ewes had the lightest. Percentage of
lambs dead at birth or dying shortly after birth was partic-
ularly high for Dorset ewes, especially for the August, 1981
mating whereas, lambs out of Blackbelly x Dorset ewes
exceeded all other breed groups for survival. Thus, per-
centage of lambs weaned was highest for the Blackbelly x
Dorset ewes. Weaning weights for the November, 1980 and
August, 1981 matings were lowest for lambs out of Finn and
Finn x Dorset ewes.

Overall, during the normal breeding season, ewes of all
breed groups performed quite well. Finn ewes excelled in
prolificacy, however, their lambs had low birth weights and
light weaning weights. On the other hand, Blackbelly x Dor-
set ewes were somewhat less prolific, but had lambs with
heavier weights and good survival rates. Furthermore, the
Blackbelly x Dorset ewes weaned a higher percentage of lambs
than did ewes of all other breed groups.

Pregnancy rates for ewes mated outside the normal
breeding season were lowest for April, 1980 but were consid-
erably improved for the May, 1982 and April, 1983 matings.
Although the mean conception rate was low for April, 1980,
the mean pregnancy rate for Finn ewes was guite high
(90.1%). Pregnancy rates for May, 1982 and April, 1983 were

highest for the Blackbelly x Dorset and Finn ewes with the
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exception of the 1979-born Finn ewes, which recorded a lower
pregnancy rate for the May, 1982 mating (60.1%), equalling
the pregnancy rates of the the Finn x Dorset and Rambouillet
ewes. Thus, if the out-of-season breeding program included
.a May mating, Finn or Finn X Dorset ewes may not be desira-
ble.

With the exception of the April, 1980 mating, mean lit-
ter sizes for the out-of-season matings were as large as
those for matings during the normal breeding season. As for
matings which occured during the normal breeding season,
Finn ewes were most prolific. Birth weights for lambs out
of ewes mated in April, 1980, May, 1982 and April, 1983 were
somewhat lighter than birth weights of lambs out of ewes
mated in November, 1980 or August, 1981. Howevef, for the
out-of-season matings, as for the matings during the normal
breeding season, Blackbelly x Dorset and Rambouillet ewes
had lambs with heavier birth weights than lambs out of ewes
from all other breed groups. Once again, birth weights were
lightest for lambs out of Finn ewes. The breed groups which
weaned the lowest percentage of lambs for the May, 1982 and
April, 1983 matings were Finn and Finn X Dorset ewes. Per-
centage of lambs weaned for ewes of all other breed groups

mated out-of-season were acceptable.
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Thus, in general, ewe performance was as good for ewes
mated out-of-season as for ewes mated during the normal
breeding season (with the exception of the April, 1980 mat-
ing). Averaged over all seasons, the Blackbelly x Dorset
ewes seemed to excel in a majority of the traits considered.
However, this study offers information on the capability of
these various breed groups to mate and conceive during dif-
ferent seasons but tells little about the ability of these
breed groups to perform in a specific accelerated lambing

program.
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