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INCREASED PRODUCTIVITY THROUGH, GENETICS

David L. Thomas

GENES - THE BASIC UNIT

Sheep, like all other higher organisms, have their genetic material

organized in chromosomes. Sheep have 27 pairs of chromosomes--one chromosome

of each pair originating from the dam and one chromosome originating from the

sire. These 54 chromosomes are found in all cells of the body. The egg of the

female and the sperm of the male contain 27 chromosomes--one taken at random

from each of the 27 pairs. When an egg and sperm unite, the full chromosome

complement of 27 pairs is again restored.

Located on each chromosome are several thousand genes. The genes code for

different proteins. These proteins are components of enzymes, hormones and

other substances needed for body function and metabolism. For any given location

or locus on a particular chromosome, one of several different genes may be

present. Variations in the proteins coded by different genes at the same locus

are what cause different sheep to look and perform differently.

GENETIC VARIATION

This genetic variation insured the wild ancestors of domesticated sheep

that somewhere in their population were genetic variants that could easily

adapt to a wide assortment of environmental changes and thus avoid extinction

if such changes occurred. It also resulted in individuals that were well-suited

for new environments and thus expanded the sheep's natural range. After domes-

tication, the existence of genetic variation allowed man the opportunity to

change this hair-covered, angular and slow maturing wild sheep into an animal

that today provides large quantities of wool, meat and milk for human consumption.

There are in the world today more than one billion domestic sheep that vary

tremendously in both appearance and performance. Compare, for instance, the

Australian Merino that shears a 30-pound fleece but is lucky to average one lamb

born per year with the D'Man from North Africa that produces no wool at all 5ut

averages close to three lambs born per year. As sheep producers, it is possible

to continually take advantage of this between and within breed variation to produce

individuals that are more productive. Two methods of exploiting genetic variatic-

are selection and crossbreeding.



SELECTION

Selection is nothing more than determining which individuals will be allowed

to produce the next generation. When the decision is made to cull or save some

individuals as replacements, selection is being practiced. Selection criteria

are defined and those individuals failing to meet the criteria are culled and

those that meet the criteria are retained. If relatively few traits are being

considered, if they are not easily influenced by the environment and if they are

accurately measured, genetic improvement in the traits under selection will be

relatively fast.

In the United States today, sheep are selected primarily on the basis of

visual appraisal or type. Based upon visual appraisal, today's "modern" sheep

is long-legged, long-bodied and long-necked. There is little doubt that this

larger, stretchier sheep of today is an improvement over the short-bodied,

early maturing, wool-blind sheep of the 1950s. A rapid change in type can be

made through selection, but selection on type alone results in little or no

improvement in those traits that are of economic importance to the sheep industry.

Today as in the 1950s and even before, traits of primary economic importance are

number of lambs produced and lamb growth rate.

A number of ram test stations are in operation in the United States. Their

purpose is to evaluate rams for economically important traits under a controlled

environment so genetically superior individuals can be identified. If the

breeders who test rams in these stations make use of the data and use the

superior performing rams in their own flocks, the average performance of the

rams tested each year should improve. This, of course, assumes that the testing

environment is relatively constant from year to year. Ahlschwede (1975) has

presented the average yearly performance of rams tested at five of these ram

test stations. Reported in Table I are the average changes in performance per

year.

The only breed that has shown consistent improvement over the years of

testing is the Rambouillet. Ahlschwede (1975) states that an examination of

the breeding records of flocks that have participated in the ram test station

in Texas shows that a large proportion of the rams used were from the better

performing rams at the test station. In the Texas Rambouillet, there has been

selection on economically important traits. Of the other breeds tested, only
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Table . AVERAGE CHANGE PER YEAR FOR PERFORMANCE
TRAITS OF RAMS IN TEST STATIONS

Test
station

Years Breed
Trait

Ave.	 daily
gain	 (lb)

Fleece
wt	 (lb)

Feed efficiency
(feed/gain)

Virginia 1962-75 Dorset .00

Virginia 1962-75 Hampshire .00

Virginia 1962-75 Suffolk -.02

Iowa 1967-74 Hampshire +.01 +.02

Iowa 1967-74 Suffolk .00 +.03

Wyoming 1961-75 Columbia .00 -.05

Wyoming 1961-75 Rambouillet +.01 +.07

Texas 1949-77 Rambouillet +.01 +.12

Hampshires tested at Iowa have shown a positive response (+.01 pound for average

daily gain). Suffolks, Dorsets, Columbias and Hampshires in Virginia have shown

no change or an actual decrease over time for average daily gain, fleece weight

and feed efficiency (a positive number means more pounds of feed are required for

a pound of gain). A possible reason for lack of improvement in these breeds

over time is that selection of stud rams in flocks participating in the test

station has been based on some criteria other than performance. I propose that

selection in these flocks has been based primarily on visual appraisal which has

resulted in no improvement in economically important traits and that participation

in the ram test station is used as a promotional tool to help sell sheep rather

than as a selection tool.

If selection pressure were applied to economically important traits rather

than to visual assessment, how much progress could be expected? Results of

controlled selection experiments conducted at research institutions offer an

answer.

Number of Lambs Born 

The number of lambs marketed per ewe has a large influence on net income.

Since this trait is highly influenced by the environment, selection probably

should be for number of lambs born per ewe and proper management provided to

insure the survival of a high percentage of the lambs born.
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A long-term selection study for number of lambs born has been conducted

in Australia with Merino sheep (Turner, 1968 and 1978). Ewe and ram replacements

were selected on their dams' lambing record. Ewes were culled if they did not

produce at least one set of twins in their first three lambings. Over the course

of the study (1954-1972), the number of lambs born per ewe exposed increased by

approximately .02 lambs per year.

Clarke (1972) has reported the results of a long-term selection study

conducted in New Zealand for number of lambs born in Romney sheep. Three

selection lines were established from the same base population in 1948 - a line

selected for a high incidence of multiple births, a line selected for a low

incidence of multiple births and a control line selected on visual appearance.

From 1948-1970, the difference between the high line and control line for number

of lambs born per ewe exposed has increased by approximately .02 lambs per year.

Twenty-two years of selection for twinning rate has resulted in approximately

44 more lambs born per 100 ewes exposed compared with selection on appearance only.

Growth Rate 

Improvement in lamb growth rate is important for a number of reasons. Under

most pasture finishing systems, lambs must be sold by the time pasture quality

and quantity decline in early summer. At the fixed time of sale, lambs with

faster average daily gains will weigh more and generally bring more total

dollars than lighter, slower-growing lambs. If feed supply is not a limiting

factor and lambs are sold at a fixed weight rather than a fixed time, faster-

growing lambs will have incurred less daily overhead expense than slower-growing

lambs by the time of slaughter. It also has been shown that faster-growing lambs

produce a pound of gain on less feed than slower-growing lambs.

Results of selection for 90-day weight in Hampshire sheep in Wisconsin have

been reported by Lax et al. (1979). Selection was only practiced in the rams.

The four ram lambs with the best 90-day weights were mated to 40 ewes each year.

From 1966-1972, the difference in 90-day weights of the lambs from the weight

selection flock and a randomly mated control increased by 1.4 pounds per year.

From the results of the selection studies presented, it is obvious that

genetic improvement in number of lambs born and growth rate is possible. If

U.S. purebred breeders of ewe breeds such as the Rambouillet and Dorset had put

maximum selection pressure on number of lambs born for the last 20 years, these
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breeds would have the genetic potential today to produce approximately 40

more lambs per 100 ewes exposed than they did in 1960. Likewise, if purebred

breeders of ram breeds such as the Hampshire and Suffolk had put maximum

selection pressure on growth rate for the past 20 years, 90-day weights for

these breeds would be 25 to 30 pounds heavier today than in 1960.

CROSSBREEDING

In addition to selection, sheep productivity can be improved through the

crossing of different breeds. Crossbreeding allows the sheep producer the

opportunity to benefit from the genetic phenomena of heterosis or hybrid vigor

and to take advantage of the strong points of more than one breed.

Heterosis 

Heterosis is the increased performance of crossbred individuals over the

average of the purebreds making-up the cross. Heterosis has been shown to exist

for almost all economically important traits with many different breed crosses

throughout the world. At Oregon State University, Hohenboken et al. (1976),

working with Suffolk, Hampshire and Willamette ewes, showed that crossbred

matings among the three breeds resulted in 13.5 percent more pounds of lamb

weaned per ewe exposed than did purebred matings.

Presented in Table 2 are the results of a study comparing the performance

of crossbred and purebred ewe lambs reported by Hohenboken and Cochran (1976).

Crossbred ewe lambs weaned 30 percent more pounds of lamb per ewe exposed than

did purebred ewe lambs. Four of the six crossbred ewe types weaned more pounds

of lamb than the best purebred making up the cross.

Breed Complementation 

Crossbreeding also allows the commercial sheep producer to take advantage

of the strong points of more than one breed. By using a ram of one of the sire

breeds noted for fast growth on ewes of one of the dam breeds noted for prolificacy

and milk production, a large number of fast-growing lambs are produced.

The Finnsheep breed of sheep is finding increased popularity in the produc-

tion of 1/4 or 1/2 Finnsheep ewes for commercial lamb production. A number of

studies conducted in the United States have shown that 1/4 and 1/2 Finnsheep ewes

will wean approximately 25 percent and 38 percent more pounds of lamb per ewe

exposed than standard domestic breeds. Much of this work has been reviewed by

Thomas (1980). The Finnsheep breed is very prolific but relatively poor in growth



and carcass traits, but by crossing Finnsheep or Finnsheep-cross ewes with sire

breed rams, a very desirable market lamb is produced.

There exist in the world, a number of sheep breeds that are extreme in

their level of performance for some traits. Breeds that average 2.0 to 2.5

lambs born per ewe lambing are the Romanov of Russia, D'Man of Morroco, Booroola

Merino of Australia and the Han and Hu of China. The Texel of the Netherlands

is extremely fast growing and produces a very lean carcass. These breeds could

offer genetic material to increase the productivity of U.S. flocks if regulations

preventing their importation can be overcome.

Table 2. PERFORMANCE OF PUREBRED AND CROSSBRED EWE LAMBS

	

Lamb	 Lb. lamb
Lambs born

	

% ewes	 % lambs	 weaning	 weaned
Breeding	 per ewe

	

lambing	 surviving weight	 per ewe
lambing	 (lb)	 exposed

Hampshire x Hampshire 75 1.08 77 57.2 37.8

Suffolk x Suffolk 35 1.00 86 73.3 21.6

Wlamette x Willamette 57 1.00 88 67.3 33.7

Hampshire x Suffolk 74 1.00 79 71.1 48.6

Hampshire x Willamette 74 1.09 92 67.5 50.4

Suffolk x Hampshire 63 1.07 75 74.6 35.4

Suffolk x Willamette 79 1.33 70 69.1 50.8

Willamette x Hampshire 47 1.29 50 77.2 19.6

Willamette x Suffolk 57 1.25 80 67.1 36.7

Crossbred-Purebred 10.0 .14 -9 3 5.2 9.2

CONCLUSION

Prolificacy and growth rate can be improved through selection. For the most

part, the purebred sheep breeders of the United States have put relatively little

selection pressure on these economically important traits. When the world is in

need of more and more high quality protein, it is wrong to place selection

emphasis on traits that result in little or no-improvement in meat production

per ewe.
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Breeds that are constantly being improved through selection in purebred

flocks should be used in crossbreeding systems in commercial sheep operations

to get an additional increase in productivity through heterosis and breed

complementation.
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BREED EVALUATION RESEARCH IN WESTERN OREGON:
EXPERIMENTAL PLAN AND RESULTS OF SATELLITE STUDIES

William Hohenboken

Research at Oregon State University in the early 1970s indicated that there

was heterosis for traits of economic importance to commercial sheep farming in

western Oregon. That is, crossbreeding led to greater production than

achieved by the average of pure breeds involved in the crosses. In fact, cross-

breds were superior, in most instances, to the best pure breed for total pro-

duction efficiency. Those results led to another question: If some systematic

crossbreeding system is desirable for commercial lamb production, what breeds,

and in what combinations, should be involved in the crosses?

To answer that question, an experiment was begun in 1973 and was terminated

in 1978. This series of reports will present results from that experiment and

will summarize our conclusions and recommendations. Additional research is under-

way at OSU to provide more insights into the problem of breed selections and

utilization.

THE EXPERIMENTAL PLAN

Before it was possible to evaluate types of crossbred ewes, it was necessary

to generate the appropriate crossbred groups. In the fall of 1972 and 1973,

approximately 200 Columbia-type range ewes purchased from the Sacramento Valley

and 200 Suffolk ewes from other OSU flocks and from a northern California breeder

were divided at random into four groups. These ewes were mated to North Country

Cheviot, Dorset, Romney or Finnsheep sires. Four rams borrowed or purchased

from purebred breeders, mostly in Oregon, were used per breed each year. The

ewe lambs born in 1973 and 1974 were retained in the research flock. They were

first mated at 7 months of age to lamb at 12 months. After mating the first

year, ewes within each crossbred group were divided at random between dryland

hill pasture and valley floor irrigated pasture management schemes and remained

there through the 1978 production year. They were mated to Hampshire rams each

year, so all of their offspring had 50 percent Hampshire inheritance.

Our experimental design can be visualized as a 4x2x2 pile of 16 blocks

(Figure 1). The front vs. back tiers of blocks represent ewes producing in

irrigated pasture vs. hill pasture conditions. The upper vs. lower tiers
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represent ewes with Columbia-type vs. Suffolk mothers. The four columns repre-

sent the four breeds of sire involved in the initial cross. Within each block,

there are approximately 25 ewes with up to five years of production apiece (1974-

1978).

Each year, ewes were mated in September and October to lamb in February

and March. Lambs were weaned in June. Ewes stayed in their appropriate

management environment except for the few weeks leading up to and following lamb-

ing, when they were in the central OSU Sheep Barn. As a matter of course, all

lambs over two per litter were orphaned and sold shortly after birth. Details

of the health program, grazing management and production calendar are presented

in Oregon Agricultural Experiment Station Circular of Information 666, Sheep

Management at Oregon State University (1978).

Our primary goal was to assess breed differences for annual lamb production

and cumulative lifetime production in the two grazing management environments.

Those results are presented in the final two sections of this article. In the

course of the experiment, though, the ewes, their brothers and their offspring

were measured for a variety of other traits of actual or potential importance.

Results of those satellite studies are presented in the remainder of this section.

THE CROSSBRED GROUPS AS LAMBS

During the first two years of the experiment, 1973 and 1974, purebred rams

were mated to purebred ewes to produce the crossbred lambs carried into the

second phase of the experiment. Results for traits measured on the crossbred lambs
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those years are presented in Table I. In this and subsequent tables, the rows

represent average values for the various traits for individuals with 50 percent

inheritance from the breed in question, the other 50 percent havin g come from

one of the four sire breeds or one of the two dam breeds, as appropriate. For

example, lambs with Columbia-type dams, averaged across Columbia x North Country

Cheviot, Columbia x Dorset, Columbia x Finnsheep and Columbia x Romney cross-

bred groups, weighed 9.0 pounds at birth and 60.4 pounds at weaning, and 83 per-

cent of such lambs survived to weaning time. Data from Table 1 indicate that

Finnsheep and Columbia crosses were lighter at birth but that they were similar

to the other groups in percentage lamb survival to weaning. Breed effects were

important for weaning weight, with Romney and Columbia crosses lower than the

other groups.

Table 1.	 TRAITS MEASURED ON CROSSBRED EWES AND THEIR BROTHERS
AS LAMBS (1973 and 1974).

Breed Effect

Trait

Birth weight Weaning weight Survival	 %

Overall average

N.C.	 Cheviot

Dorset

Finnsheep

Romney

Columbia

Suffolk

9.3

9.7

9.7

8.6

9.7

9.0

9.7

63.9

64.6

64.6

63.7

62.4

60.4

67.5

83

83

84

82

84

83

84

Brothers of the crossbred ewes whose production is to be discussed were

fed out after weaning and slaughtered at a commercial facility. Breed effects

on postweaning gains and carcass traits are summarized in Table 2. Romney and

Suffolk crosses excelled for feedlot average daily gain (ADG); Finnsheep and

Columbia crosses were poorest. Carcass weight per day of age (CWDA) reflects

breed differences in weaning weight, feedlot ADG and carcass dressing percentage.

For this trait, North Country Cheviot, Dorset and Suffolk crosses were equally

superior, while Columbia crosses were poorest.
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Table 2	 POSTWEANING GROWTH AND CARCASS TRAITS OF CROSSBRED WETHER LAMBS
(1973	 and 1974).

Breed Effect

Trait

ADG1 CWDA2
Dressing

%

Yield
grade

Quality
grade'

Overall average .68 .29 50.1 3.21 11.6

N.C.	 Cheviot .68 .31 50.8 3.03 11.6

Dorset .68 .31 50.4 3.16 11.8

Finnsheep .64 .29 50.0 3.44 11.4

Romney .73 .29 49.2 3.22 11.7

Columbia .66 .26 50.2 3.38 11.6

Suffolk .71 .31 50.1 3.05 11.7

1 Postweaning feedlot average daily gain, in pounds.
2 Carcass weight per day of age, in pounds.
3 11 = Average choice.

There were breed differences for carcass traits, but they were of rather

small magnitude. Dressing percentage, for example, ranged only from 49.2 for

Finnsheep crosses to 50.8 for North Country Cheviot crosses. For yield grade,

larger numbers indicate a higher proportion of waste fat in the carcass and lower

yield of retail cuts, so North Country Cheviot and Suffolk crosses were best

while Columbia and Finnsheep crosses were poorest for this trait. Differences,

however, were not large.

WOOL PRODUCTION

The crossbred ewes were sheared in March as they were producing their first

lamb crop at about one year of age. These fleeces were evaluated for wool quan-

tity and quality. Results on breed effects for several wool traits are shown

in Table 3. Since the ewes had been sheared at weaning, the figures represent

about 8.5 months' wool growth. For grease wool weight, the breeds fell into

three groups. Romney and Columbia crosses produced the most wool, North Country

Cheviot and Dorset crosses were intermediate, and Finnsheep and Suffolk crosses

were poorest. Differences in percentage clean wool yield were small, so those

averages have not been tabulated. Wool from each group was assigned a price

based upon grade, staple length and medullation discount, and from this a monetary

value was assigned for wool production per ewe from each group. For this trait,

Columbia and Romney crosses were superior while Suffolk crosses were poorest with

the remaining groups intermediate.
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Table 3. WOOL QUANTITY AND QUALITY TRAITS FOR THE CROSSBRED EWES AT ABOUT ONE
YEAR OF AGE (1974 and 1975).

Trait

Breed Effect
Grease	 Fleece	 Staple	 Fleece

weight'	 grade	 length (in)	 value ($)

Overall average
	

4.68	 56	 3.0	 2.68

N.C. Cheviot	 4.65	 56	 2.9	 2.59

Dorset	 4.54	 57	 2.6	 2.38

Finnsheep	 4.15	 56	 3.3	 2.72

Romney	 5.38	 55	 3.2	 3.03

Columbia	 5.18	 57	 3.1	 3.16

Suffolk	 4.17	 55	 2.9	 2.19

'Pounds of wool from 8.5 months' growth.

There were a few important breed differences in fleece defects. Finnsheep

crosses were the only group in which cotted fleeces were observed, while medul-

lation was highest in incidence in North Country Cheviot followed by Suffolk

crosses. Incidence of fleece breaks was highest in Columbia followed by Romney

crossbreds.

An interesting aspect of our study on wool production from the ewe lambs

was that in all the crossbred groups, at least 70 percent of the income generated

by ewes in each group by the time they weaned their first lamb crop was from

lamb production. As low as 12 percent of income (in the Finnsheep crosses)

was accrued from the sale of wool.

MILK PRODUCTION AND INCIDENCE OF MASTITIS

During the 1977 production year, when ewes were three or four years of age

at lambing, milk production of seven ewes from each of the eight crossbred groups

was evaluated. Only ewes on irrigated pastures participated in this trial. Milk

production was estimated by suspending each ewe in a canvas stretcher, milking

her out after a shot of oxytocin (the milk letdown hormone) had been adminis-

tered, then repeating the process after she had been held away from her lambs for

about six hours. These estimates were done approximately every two weeks through-

out lactation. Milk from each ewe at each sampling was tested for mastitis
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using the California Mastitis Test (CMT) reagent. Results are summarized in

Table 4. Dorset and North Country Cheviot crossbred ewes had the highest milk

production; Finnsheep crosses were poorest. Columbia, Suffolk and Romney

crosses were intermediate. There was little variation in fat content of milk

except that Columbia crosses were markedly higher than Suffolk crosses. Varia-

tion among groups in milk protein percentage also was limited.

Table 4.	 MILK PRODUCTION AND COMPOSITION AND MASTITIS INCIDENCE IN THREE-
AND FOUR-YEAR-OLD CROSSBRED EWES (1977).

Breed Effect

Trait
Milk yield
per day (lbs)

Milk
fat %

Milk
Protein %

% Mastitis
Incidence

Overall average 2.48 6.7 4.9 11.5

N.C.	 Cheviot 2.65 6.7 4.7 18.5

Dorset 2.73 6.7 5.0 13.8

Finnsheep 2.14 6.6 4.8 7.6

Romney 2.42 6.6 5.0 6.6

Columbia 2.50 6.9 4.7 11.4

Suffolk 2.47 6.4 5.1 11.5

Over this entire trial, ewes scored positive for mastitis in one or both

halves of the udder in 11.5 percent of the samples, about 1 in 8. Mastitis in

one udder section depressed milk production by 12 percent; infection in both

udder sections depressed production by 58 percent. We suspect from our results

that subclinical mastitis is a more serious cause of decreased milk yields, lamb

weaning weights and financial returns than generally is recognized. Breed

effects on mastitis incidence were interesting. Columbia and Suffolk crossbreds

were exactly average for the trait, and they were very close to average for milk

production as well. North Country Cheviot and Dorset crosses, the groups that

were highest for milk production, were highest for mastitis incidence. Finnsheep

and Romney crosses were lowest for milk production and for mastitis as well.

Possibly, greater milk yield created greater stress on udder tissues, leading to

a higher incidence of mastitis in the higher producing groups.
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INTERNAL PARASITES, FOOTROT AND ATTRITION

From 1975 through 1977, ewes in both management systems were evaluated for

internal parasite burdens (from examining number of parasite eggs per gram

of feces) and for foot health. The OSU health management program is designed

to limit problems in both these areas. Thus the overall incidence of footrot

was low, though it was a more serious problem on irrigated pastures than on

hill pastures. We found no large nor consistent differences in footrot score

attributable to breed effects. Likewise, breed effects on internal parasite

burdens were not large, though Suffolk, North Country Cheviot and Dorset crosses

tended to have more eggs per gram of feces than other groups. Less intensive

health management or artificial inoculation with nematodes or footrot causative

organisms without using health care measures might have allowed differences

among breeds for these traits to be expressed.

Annual attrition averaged about 4,7 percent, and of total losses, more than

40 percent were caused by illnesses. An unfortunate accident occurred in the

spring of 1975. A creep feeder on the hill pasture broke down, allowing the ewes

unlimited access to grain for a brief period. As a result, 16 ewes died of

founder; 14 of them were Suffolk crossbreds. We do not conclude from this that

Suffolk crosses are more susceptible to founder than ewes of other groups.

Rather, we suspect that Suffolk crossbreds are more inclined to seek and to com-

pete for supplemental feed than are ewes of remaining groups. Their voracious

appetite may create situations in which losses from founder are more likely to

occur. Differences among the groups in lifespan will be discussed in the last

section of this report.

EMOTIONAL BEHAVIOR

In the fall of 1976, an OSU class in farm animal behavior was looking for a

class project. (Or to be more accurate, their instructor required them to con-

duct a project.) We decided to examine breed effects on emotional behavior in

sheep. The project was conducted using the crossbred ewes in the hill pasture

management environment. We constructed an 18-foot diameter circular pen with 8-

foot high solid plywood sides. Ewes were let into the pen one at a time. They

were then observed for 90 seconds while traits thought to be related to emotion-

ality or nervousness were recorded. A door was then raised, exposing a dog,

and the same behaviors were then recorded for the next 90 seconds. The ewe was
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then allowed to leave the pen. Each of 164 ewes was tested three times, with

two weeks between tests.

Table 5. BEHAVIORAL TRAITS OF 2.5-AND 3.5-YEAR-OLD CROSSBRED EWES IN THE HILL
PASTURE MANAGEMENT ENVIRONMENT (1976).

Trait

Foot
Breed Effect Steps	 Investigation	 Emotion	 Bleating	 stamping	 Elimination

First 90 seconds 

N.C. Cheviot

Dorset

Finnsheep

Romney

Columbia

Suffolk   

0

0 0

0

0

Second 90 seconds 

N.C. Cheviot

Dorset

Finnsheep

Romney

Columbia
	

0
	

0

Suffolk
	

0

Results are summarized in Table 5. In the table, a + sign means above

average, 0 means average and - means below average for a particular trait. The

number of steps taken per unit time by an animal isolated in a novel environ-

ment has been used as an indicator of emotional behavior in other classes of

animals. That is why it was recorded in our trial. In the first 90 seconds,

most ewes moved around to explore their surroundings, but breed differences were

evident. Dorset, Finnsheep and Suffolk crosses were less mobile than ewes in

the remaining groups. In the second 90 seconds, exposure to the dog caused

most ewes to freeze, though Romney and Suffolk crosses tended to approach her

to investigate. We assigned subjective scores for emotional behavior (or
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nervousness) and investigative behavior. Romney crossbreds seemed the most

curious, Dorsets the least. Finnsheep, Romney and Columbia groups seemed the

most emotional and, surprisingly, North Country Cheviots seemed below average

for that trait. Vocalizations are one sign of nervousness in sheep, and there

were clear breed differences in incidence of bleating. In all groups, it was

observed more commonly in the first 90 seconds, when ewes were isolated, than in

the second 90 seconds when they were exposed to the dog. Foot stamping, on the

other hand, was much more common when the dog was present. Finnsheep and Romney

crosses were the most frequent bleaters; Dorset, Romney and Columbia crosses

were most likely to challenge the dog by foot stamping. Defecation and urina-

tion frequencies have been used as indices of emotional behavior in lab animals,

but eliminative behavior occurred too infrequently in our trial to be a useful

indicator trait, especially during the second 90 seconds of observation.

From our results, it is safe to conclude that there are differences among

breeds in various aspects of behavior. The importance of those differences is

less readily apparent. Investigators elsewhere have reported that dogs are

most likely to attack sheep, or other animals for that matter, that run from

them. It may be that groups more likely to challenge a dog or coyote by foot

stamping would be less subject to predation, but we don't know that this is the

case. Our trial did accomplish its major goal of providing the students-exper-

ience in behavioral observation and interpretation.

POSTWEANING GAIN AND CARCASS MERIT OF PROGENY

Throughout the experiment, the crossbred ewes were mated to Hampshire rams.

All their progeny, both males and females, were fed out for slaughter. Post-

weaning gains and carcass merit of those lambs were examined during the first

two years of production. Results are summarized in Table 6. These data differ

from previous tables in that, since all lambs had a constant 50 percent Hamp-

shire inheritance, breed averages reflect the effects of 25 percent genes from

the breed in question, rather than 50 percent as in Tables 1 through 5. It is

not surprising, for that reason, that differences among groups in growth and

carcass traits are smaller than in brothers of the crossbred ewes themselves

(Table 2). Other than an advantage in postweaning average daily gain for

Suffolk crossbreds, diffferences for these traits were not important.
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Table 6. TRAITS MEASURED ON HAMPSHIRE CROSSBRED LAMBS FROM THE CROSSBRED EWES
(1974 and 1975).

Breed Effect

Trait

ADG CWDA
Dressing

%

Yield
grade

Quality
grade

Overall average .65 .31 49.0 3.11 11.9

N.C.	 Cheviot .63 .33 49.6 3.14 12.1

Dorset .65 .31 48.4 3.06 12.0

Finnsheep .65 .30 49.1 3.07 11.6

Romney .66 .30 48.7 3.15 11.9

Columbia .63 .30 49.2 3.13 12.0

Suffolk .68 .31 48.7 3.09 11.8

SUMMARY

It is not possible from results of these satellite studies to determine

which breeds are best for commercial sheep production in western Oregon. Breed

rankings differed markedly for the various traits. In the next two sections of

this article, production of lambs per ewe per year and cumulative production of

lamb per ewe entering the flock as a replacement are examined. From those

comparisons, more valid recommendations on breed choices can be made.
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BREED EVALUATION RESEARCH IN WESTERN OREGON:
ANNUAL PRODUCTION PER EWE

Stephen E. Clarke and William Hohenboken

Crossbreeding is one method of increasing lamb production. Crossbred

lambs grow faster and exhibit greater survival percentage than straightbred

lambs, and crossbred ewes typically are more fertile and produce more lambs

than straightbred ewes. Breed differences, however, are still important 'in

determining the actual level of performance.

From 1974 to 1978, 394 crossbred ewes were maintained on either hill or

irrigated pastures near Corvallis. The ewes had either Columbia or Suffolk

dams and either Dorset, Finnsheep, North Country Cheviot or Romney sires.

Several traits were measured on these ewes including weight at mating,

fertility (number of ewes lambing divided by number of ewes exposed to rams),

number of lambs born, number of lambs weaned, litter weight in April and litter

weight at weaning in June. The difference between the number of lambs born and

weaned was taken as a measure of lamb survival.

Reproduction and lamb production from the ewes lambing at one year of

age are summarized in Table 1. The average age of ewe lambs at first estrus

was 205 days. Ewe lambs from Suffolk dams came into estrus 10 days earlier

than lambs from Columbia dams. Differences between sire breeds were less, with

Dorset-sired ewes coming into estrus earliest. Overall, 90 percent of the ewe

lambs exhibited estrus during their first breeding season. Only 46 percent of the

ewe lambs, however, actually lambed at one year of age. The Finnsheep-sired

ewes were far superior to other groups for fertility. Ewe lambs with Suffolk

dams had higher fertility than those with Columbia dams. For those ewes

lambing, the average litter weight was 59 pounds at weaning. Finnsheep-cross

ewes produced the heaviest litters among the four sire breeds. Suffolk-cross

ewes produced heavier litters than Columbia-cross ewes. Overall, the Finnsheep

x Suffolk ewes produced the greatest amount of lamb per ewe showing estrus.

This is primarily the result of high fertility of the Finnsheep x Suffolk ewes

during that first breeding season.
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Table	 1. REPRODUCTION AND LAMB PRODUCTION FROM THE CROSSBRED
EWES AS EWE LAMBS (1974 and 1975)

Trait

Breed effect Age at
first estrus

(days)

Fertility

(%)

Litter weight
per ewe

lambing	 (lbs)

Litter weight
per ewe

bred	 (lbs)

Overall	 average 205 46 59 31

N.C.	 Cheviot 206 38 59 25

Dorset 202 42 60 30

Finnsheep 204 72 65 50

Romney 207 31 50 18

Columbia 210 39 50 23

Suffolk 200 53 69 39

Table 3. HERITABILITIES OF MOST PROBABLE
PRODUCING ABILITY FOR EWE PRODUCTION

Trait

Fertility .33

Number of lambs born .45

Number of lambs weaned .21

Litter weight at weaning .18
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Lamb production and reproduction of ewes lambing at older ages are

summarized in Table 2. Ewes lambing at two through six years of age averaged

about 125 pounds at the beginning of the mating season. Generally, ewes on

the irrigated pastures were several pounds heavier than ewes on the hill

pastures. This was not the case for Columbia-cross ewes, however. They were

slightly lighter on the irrigated pastures. Finnsheep crossbred ewes were

similar in weight to the other groups. The average lambing date for all

crossbred ewe types was between February 20 and February 25. In all cases,

differences among crossbred groups Were small and unimportant.

Except for Dorset crossbreds, fertility was slightly lower in ewes on

irrigated pastures than in ewes on the hill pastures. Dorset-sired ewes were

the most fertile group on the irrigated pastures but were the least fertile

group on the hill pastures. Averaged across all crossbred groups, the number

of lambs born per ewe lambing was the same on hill and irrigated pastures.

Finnsheep crossbred ewes, as expected, were the most prolific group, averaging

more than two lambs per year. Dorset crossbred ewes averaged one and a half

lambs per year in both environments. On hill pastures, Cheviot crossbred ewes

equalled the Dorset crossbreds; on irrigated pastures the Cheviot crossbred

ewes were slightly less prolific. Columbia crossbred ewes were superior to Suffolk

crossbreds on the hill pastures for prolificacy, but Suffolk crossbreds were supe-

rior to Columbia crossbreds on the irrigated pastures.

On the whole, 80 percent of the lambs born survived to weaning. Lambs

from Columbia-cross ewes exhibited greater survival percentage than lambs from

Suffolk-cross ewes, but the difference was small on irrigated pastures. Lambs

out of Dorset-sired ewes had the best survival percentage on irrigated pastures,

while lambs out of Finnsheep-sired ewes had the poorest survival percentage,

especially on the hill pastures. This was, at least in part, because of the

management practice of allowing a ewe to raise at most, two lambs. Orphan lambs,

many of which were sold, were considered fatalities for purposes of these

comparisons. Therefore, the Finnsheep-cross ewes, which had triplets or

quadruplets 22 percent of the time, were penalized in our estimation of lamb

survival percentage.

Litter weights per ewe lambing for ewes on irrigated pastures were eight

pounds heavier than from ewes on hill pastures. Finnsheep-sired ewes had the
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Table 2. ANNUAL LAMB PRODUCTION AND REPRODUCTION OF CROSSBRED EWES IN HILL PASTURE
AND IRRIGATED PASTURE MANAGEMENT ENVIRONMENTS (1975-1978)

Trait

Breed effect Weight at
mating
(lbs)

Da tete of
lambing

Fertility
%

Number of
lambs born

Lamb
survival

Litter weight
at weaning

per ewe lambing
(lbs)

Litter weight
at weaning

per ewe bred
(lbs)

Hill	 Pastures

Average 124 51 94 1.6 80 78 73

N.C.	 Cheviot 125 53 97 1.5 84 74 72

Dorset 127 50 90 1.5 80 80 72

Finnsheep 122 50 97 2.0 72 84 82

Romney 123 52 94 1.3 85 73 67

Columbia 121 52 96 1.6 83 78 75

Suffolk 126 51 93 1.5 77 78 73

Irrigated Pastures

Average 127 52 93 1.6 80 86 80

N.C.	 Cheviot 126 54 90 1.4 79 77 69

Dorset 129 51 98 1.5 88 93 91

Finnsheep 127 50 93 2.2 75 94 87

Romney 126 53 92 1.4 82 82 75

Columbia 120 53 94 1.5 81 82 77

Suffolk 134 51 92 1.7 80 91 84



heaviest litters on both hill and irrigated pastures. Dorset-sired ewes had

litter weights similar to those of Finnsheep crossbred ewes on irrigated

pastures. There was no difference between Columbia-cross and Suffolk-cross

ewes on the hill pastures, but Suffolk-cross ewes had heavier litters on the

irrigated pastures.

Based on litter weight at weaning per ewe bred, Suffolk-cross ewes were

superior to Columbia-cross ewes on the irrigated pastures, but the Columbia-

cross ewes were superior to the Suffolk-cross ewes on the hill pastures.

Also, the Dorset-sired and Finnsheep-sired ewes were superior to both Cheviot-

sired and Romney-sired ewes on the irrigated pastures, with the Dorset-sired

ewes superior to the Finnsheep-sired ewes. On the hill pastures, the Finnsheep-

sired ewes were superior to the other sire breeds. As with ewe lamb production,

the principal reason for this was different fertility levels.

Most probable producing ability (MPPA), the best estimate of a ewe's

superiority or inferiority compared with the rest of the flock, was calculated

for each ewe. Heritabilities of MPPA for fertility, number of lambs born,

number of lambs weaned, and litter weight weaned were estimated (Table 3).

The relatively high heritabilities for MPPA for fertility and MPPA for number

of lambs born indicate that selection for these characteristics could be

successful.
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BREED EVALUATION RESEARCH IN WESTERN OREGON:
LONGEVITY AND CUMULATIVE PRODUCTION PER EWE

William Hohenboken and Stephen E. Clarke

Ewes born in 1973 had the opportunity for five years of production, 1974

through 1978. Ewes born in 1974 had four potential production years. In this

section of our report, cumulative production of the ewes in each of the genetic

groups through each year of production will be presented. All the traits are

expressed on the basis of "per ewe entering the experiment as a replacement at

seven months of age." If a ewe raised twin lambs each of five production years,

her cumulative number of lambs weaned after five years would be 10. If a ewe

raised twins her first two years and then died, her cumulative production after

five years would be only four lambs. She would be assigned zeros for years in

which she did not produce and for years in which she was absent from the flock.

Longevity, which has very important effects on cumulative production, also will

be examined.

NUMBER OF LAMBS BORN

Averages for each genetic group in each pasture management environment are

presented in Table 1. All the groups except the Finnsheep crosses had well under

one lamb born per ewe after the first production year. This was because of the

low overall fertility (46 percent) of the ewe lambs, as discussed in the previous

section. By the fifth year of production, differences among groups were

substantial. On irrigated pastures, breeds ranked Finnsheep, Suffolk, Dorset,

Romney, Columbia and North Country Cheviot; on hill pastures, breed ranking was

Finnsheep, Columbia, Dorset, Suffolk, North Country Cheviot and Romney. Thus,

the relative merit of a breed depended, to some extent, on the environment in which

it was raised.

In Figure 1 and Figure 2, these results are presented in a different way,

to emphasize those cases in which breed rank depended on environment. The two

breeds, Columbia and Suffolk, that were dams of the crossbred ewes are shown in

Figure 1. Notice that Suffolk crossbred ewes at 13 months of age were above

average for prolificacy in both environments. (That is, both the data points are

above the horizontal line labeled zero that represents exactly average production.)

Suffolk crosses on irrigated pastures (the SxI line) increased in their superiority

through four production years before dropping off slightly in the fifth year.
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Table . CUMULATIVE NUMBER OF LAMBS BORN PER EWE
ENTERING THE FLOCK AS A REPLACEMENT

Cumulative lambs born after year:

Breed effect
2 3 4 5

Overall	 average .65 1.96 3.36 4.75 5.76

Irrigated Pastures

N.C.	 Cheviot .46 1.67 2.79 3.57 3.93

Dorset .61 1.92 3.28 4.55 6.07

Finnsheep 1.09 2.95 5.09 7.05 8.21

Romney .32 1.60 2.84 4.08 5.39

Columbia .53 1.84 3.19 4.51 5.12

Suffolk .71 2.22 3.81 5.21 6.10

Hill	 Pastures

N.C.	 Cheviot .52 1.73 2.95 4.39 5.21

Dorset .59 1.74 3.00 4.36 5.63

Finnsheep 1.25 2.73 4.39 6.13 6.93

Romney .36 1.34 2.54 3.68 4.71

Columbia .59 1.90 3.43 5.05 6.40

Suffolk .77 1.88 3.01 4.23 5.42
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Figure 1. Deviations from the population average for total number of
lambs born per ewe entering the experiment, after one through
five years of production. C and S stand for ewes with Columbia
and Suffolk dams, and I and H stand for irrigated pasture and
hill pasture management environments.
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Figure 2. Deviations from the population average for total number of
lambs born per ewe entering the experiment, after one through
five years of production. F, D, R and C stand for ewes with
Finnsheep, Dorset, Romney and North Country Cheviot sires,
and I and H stand for irrigated pasture and hill pasture
management environments.
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On hill pastures, though, Suffolk crosses had poorer than average cumulative

prolificacy in all years after the first. Suffolk crosses were much better

than Columbia crosses on irrigated pastures (compare SxI with CxI lines), but

on hill pastures (compare SxH with CxH) the opposite was true.

In Figure 2, similar data are presented for the four breeds of sires of

the crossbred ewes. Finnsheep crossbreds started out above average in both

environments. Their cumulative superiority increased over time, though the

increase was greater on irrigated than on hill pastures. Dorset crossbreds

ranked second in both environments. On irrigated pastures, Romney and North

Country Cheviot crosses were quite close through the first three years, but

after that, Romney crosses exceeded the Cheviots in cumulative prolificacy.

On hill pastures, Cheviot crosses had a moderate but consistent advantage

over Romney crosses through all production years.

LAMB SURVIVAL AND NUMBER OF LAMBS WEANED

Survival percentages of lambs from the crossbred ewes were discussed in

the previous section (Table 2). The lowest survival in both environments was

for progeny of Finnsheep crosses. These figures are somewhat misleading,

though, in that, for the purpose of these analyses, any lamb that was orphaned

at birth and sold to be raised on the bottle was considered a fatality. A ewe

was allowed to raise no more than two lambs. Since there was a high incidence

of triplet or larger litters from the Finnsheep crossbred ewes, that group was

blamed for many "fatalities" that actually were live lambs sold as orphans.

In Table 2 of this article, data for cumulative number of lambs weaned

per group in both environments are summarized. Results for breed rankings are

similar to those for number of lambs born, but the Finnsheep crosses, partly

because of the explanation just given, lost some of their former superiority.

On irrigated pastures, breeds ranked Finnsheep, Dorset, Suffolk, Columbia,

Romney, North Country Cheviot; on hill pastures, the breed ranking was Columbia,

Finnsheep, Dorset, North Country Cheviot, Suffolk and Romney.

CUMULATIVE POUNDS OF LAMB WEANED AND EWE LONGEVITY

Cumulative pounds of lamb weaned per ewe entering the flock as a replacement

is the most important trait, economically, that we examined. Results are in

Table 3 and in Figures 3 and 4.
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Table 2. CUMULATIVE NUMBER OF LAMBS WEANED PER EWE
ENTERING THE FLOCK AS A REPLACEMENT

Breed effect
Cumulative lambs weaned after year: 

1	 2	 3	 4	 5

Overall average	 .44	 1.48	 2.62	 3.73	 4.54

Irrigated Pastures 

N.C. Cheviot	 .32	 1.24	 2.17	 2.82	 3.17

Dorset	 .47	 1.69	 2.93	 4.25	 5.35

Finnsheep	 .75	 1.98	 3.49	 5.02	 5.96

Romney	 .22	 1.21	 2.33	 3.39	 4.24

Columbia	 .28	 1.41	 2.48	 3.65	 4.51

Suffolk	 .60	 1.65	 2.98	 4.09	 4.85

Hill Pastures 

N.C. Cheviot	 .38	 1.32	 2.33	 3.56	 4.25

Dorset	 .35	 1.33	 2.51	 3.65	 4.63

Finnsheep	 .75	 1.88	 3.03	 4.06	 4.90

Romney	 .28	 1.19	 2.17	 3.09	 3.82

Columbia	 .36	 1.51	 2.70	 4.05	 4.97

Suffolk	 .52	 1.35	 2.32	 3.13	 3.83
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Table 3. CUMULATIVE POUNDS OF LAMB WEANED PER EWE ENTERING
THE FLOCK AS A REPLACEMENT AND EWE LONGIVITY

Breed effect

Cumulative pounds of lamb after year: Longevity
(months)

1 2 3 4 5

Overall	 average 30 104 178 240 294 56.3

Irrigated Pastures

N.C.	 Cheviot 21 87 150 187 212 51.3

Dorset 35 130 219 296 377 58.1

Finnsheep 51 138 232 306 372 58.9

Romney 16 89 166 229 291 53.3

Columbia 16 93 166 228 287 56.5

Suffolk 43 129 218 281 338 56.8

Hill	 Pastures

N.C.	 Cheviot 27 94 158 222 269 56.9

Dorset 23 95 167 230 295 59.1

Finnsheep 46 118 183 250 295 52.8

Romney 17 80 144 195 245 55.2

Columbia 24 99 170 241 300 59.6

Suffolk 36 95 156 208 252 52.4
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Figure 3. Deviations from the population average for pounds of lamb
weaned per ewe entering the experiment, after one through
five years of production. C and S stand for ewes with
Columbia and Suffolk dams, and I and H stand for irrigated
pasture and hill pasture management environments.
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Figure 4. Deviations from the population average for pounds of lamb
weaned per ewe entering the experiment, after one through
five years of production. F, D, R and C stand for ewes
with Finnsheep, Dorset, Romney and North Country Cheviot
sires, and I and H stand for irrigated pasture and hill
pasture management environments.
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On irrigated pasture, Finnsheep crossbreds surpassed Dorset crossbreds

through four years, but in the fifth year, the two groups changed rank. Suffolk

crosses were next in cumulative lamb production. Next in rank were Romney and

Columbia crosses, and these two groups were nearly equal through all years.

Romneys had a modest advantage over Columbias in longevity. North Country

Cheviots were poorest for lamb production and for longevity.

On hill pastures, Finnsheep crossbred ewes started out with a modest

advantage, but it decreased over time until at five years, they were roughly

equal in cumulative lamb production to both Columbia and Dorset crossbreds.

On hill pastures, the Finnsheep crosses were tied with Suffolk crosses for the

poorest longevity. After the Columbia, Finnsheep and Dorset groups, the

remaining breeds ranked North Country Cheviot, Suffolk and Romney for cumulative

lamb production.

CONCLUSIONS

Breed choices for maximum production of lamb per ewe entering the flock

depend on the pasture management system. The most productive breed cross for

each management system should involve the breeds, irrespective of whether they

originally were used as sires or dams in our experiment, with the greatest

production and longevity in that environment. This is true since sire and dam

breed effects did not interact in our experiment. That is, the effect of 50

percent Suffolk inheritance, for example, did not depend on the breed contributing

the other 50 percent of inheritance of the ewe.

For irrigated pasture management systems, the most productive groups were

Dorset and Finnsheep, followed by Suffolk crosses. Dorset and Finnsheep cross-

breds also were above average for longevity on irrigated pastures. Either a

three breed rotational cross involving Suffolk, Finnsheep and Dorset, or a

terminal crossbreeding scheme in which Dorset x Finnsheep ewes are mated to

Suffolk rams with all lambs being sent to market likely would be effective.

Another system would be to practice rotational cross-breeding between Dorsets

and Finnsheep in a portion of the flock, to produce replacement ewe lambs, with

the reamining ewes terminally crossed to Suffolk or Hampshire rams to produce

lambs for market.

For hill pasture management systems, Dorset, Finnsheep and Columbia cross-

breds were about equal in cumulative lamb production, but Finnsheep crosses were
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lower in longevity. A mating system likely to be effective on hill pastures

would be rotational crossing of Columbias and Dorsets to produce replacement

ewes, with as large a proportion of the flock as possible terminally crossed

to Suffolk or Hampshire rams.

Results from this and an earlier experiment at OSU suggest that Suffolk

and Suffolk crossbred ewes experience some difficulty both in fertility and

in longevity under our hill pasture management conditions. We suspect that

poor nutritional quality of hill pastures from mid-summer through early autumn

and the reluctance of sheep with Suffolk inheritance to forage as aggressively

as ewes of other breeds and crosses (a subjective appraisal on our part) may

contribute to the problem. If this is correct, then Suffolk inheritance in

crossbred ewes might he appropriate on hill pasture farms where better nutrition

leading into the breeding season can be provided economically. This could be

true for farms on which both hill and irrigated pastures are available or for

hill farms with access at the required time to by-product feeds such as cannery

wastes.

As indicated earlier, additional work is underway at OSU to provide more

information to allow breed and mating system choices for commercial sheep

production. In an experiment beginning with the 1980 lambing season, Panama-

type range ewes were mated to Suffolk, Clun Forest, Dorset, Polypay and Border

Leicester rams. Crossbred ewes of these five groups will be evaluated for

lamb production, and results will be presented at a future field day program.
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MONTHLY INCIDENCE OF ESTRUS AND OVULATION RATE
IN FIVE BREED COMBINATIONS OF SHEEP'

W. R. Lamberson and O. L. Thomas

Increasing the rate of reproduction offers the greatest opportunity to

increase the efficiency of meat production from sheep (Shelton, 1971). Two

methods of increasing reproductive rate are to utilize superior breeds and

breed combinations and adapt management practices to take advantage of between

breed variation. These methods are particularly important because they can be

quickly utilized to increase production efficiency (Dickerson, 1970).

The purpose of this study was to investigate the effects of breed of sire

and month on estrous incidence and ovulation rate in ewes.

EXPERIMENTAL PROCEDURE

Population and Management 

Forty crossbred ewes, 10 each from North Country Cheviot, Dorset, Finnsheep

and Romney sires and of Suffolk dams were selected from a flock of ewes involved

in a breed evaluation study at the Oregon State University Experiment Station.

Ten Suffolk ewes selected from the Oregon State University purebred flock also

were included in the study. All ewes were born from 1973-1975 and were under

a similar management routine (Klinger and Hohenboken, 1978) before the study.

Ewes were maintained on an irrigated pasture of perennial ryegrass and sub-

terranean clover from July 1979 through December 1980. In an attempt to maintain

constant ewe body weights, grazing time was adjusted according to pasture

condition, and grain was supplemented as needed.

Vasectomized rams, rotated biweekly, were used to detect estrus. The

briskets of the rams were painted and ewes were examined daily for evidence of

mounting.

Laparoscopy Procedure 

Ovaries of the ewes were laparoscopically examined 6 to 13 days after the

first time a ewe exhibited estrus each month from May through December 1930.

At each examination the number of corpora lutea on both ovaries was recorded.

'The authors gratefully acknowledge the Oregon Sheep Commission for providing
equipment for this study.
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Ewes fasted 12 hours before laparoscopy were restrained on a laparotomy table

at a 30° angle. The ewe was placed on the table on her back, head down, so

the digestive tract would fall forward exposing the reproductive tract.

Hair and wool were clipped from the rear 1/3 of the abdomen and the area

was scrubbed with chlorohexidine (Virosan Solution, Bio-Ceutic Laboratories, Inc.).

Two incision sites, 4 inches forward from the udder and 1 and 5 inches right of

the midline were injected subcutaneously with 2 milliliters of 2 percent

lidocaine (Lidocaine hydrochloride, Med-Tech., Inc.). Incisions through the

skin were made with a #15 scalpel. A trocar and cannula were inserted into the

abdomen through the medial incision. The trocar was removed and the abdomen

insufflated with 5 percent carbon dioxide in air through the cannula. A 130°,

8 millimeter pediatric laparoscope (Richard Wolf Medical Instruments Corp.)

attached to a light source via a fiber optic cable was inserted through the

cannula. The lateral incision was deepened with a #12 scalpel and a probe

inserted. The table was raised to the angled position and the ewe examined.

After the examination all instruments were removed and placed in the chloro-

hexidine solution. The incisions were dusted with nitrofurazone powder (Furacin,

Norden Laboratories, Inc.) and closed with a single Michels wound clip. The ewe

was injected with 800,000 units of penicillin-dihydrostreptomycin (Combiotic,

Pfizer, Inc.), removed from the table and returned to the flock.

The technique allowed easy, clear and repeated observation of ovaries. No

infection and very little scar tissue build-up were evident at incision sites.

One adhesion of ovary to body wall was observed during the study. The procedure

takes approximately 10 minutes with an experienced operator.

Traits Studied 

A ewe mounted by a vasectomized ram at least once in a month was recorded

as having exhibited estrus for that month. Ovulation rate was recorded as the

number of CL observed during the monthly laparoscopic examination. If a ewe

did not exhibit estrus during a month and was not examined with the laparoscope,

her ovulation rate for that month was recorded as zero. Monthly ovulation rate

is presented both per ewe examined and per ewe available. Because so few ewes

exhibited estrus during May, June and July, ovulation rate per ewe examined is

reported only for August through December. Ovulation rate per ewe available is

reported for May through December. It is a composite trait that depends both

on the proportion of ewes exhibiting estrus and their ovulation rate.
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RESULTS

There is some evidence for differences in mean level of estrous activity

among sire breed groups from July 1979 through December 1980. Dorset-, Finnsheep-

and Suffolk-sired ewes had slightly higher average estrous activity than did

Cheviot- and Romney-sired ewes (68 percent vs. 62 percent, Table 1). Monthly

changes in estrous activity were strongly evident and in agreement with previous

work (Hulet et al. 1974). The average incidence of estrus was below 60 percent

for April, May, June and July (Figure 1).

Differences among breeds of sire for estrous activity were not constant

over months indicating a breed x month interaction. Finnsheep-sired ewes tended

to enter anestrus later than other breeds and Cheviot-sired ewes had the longest

anestrus period (Table 1). Finnsheep- and Cheviot-sired ewes may leave anestrus

later than the other breeds.

There was some evidence for breed of sire differences for ovulation rate

per ewe examined and per ewe available (Table 2). There was strong evidence of

monthly differences in ovulation rate (Table 3, Figure 2). There was a tendency

for Finnsheep- and Suffolk-sired ewes to have higher ovulation rates than Cheviot-

and Romney-sired ewes. Dorset-sired ewes were intermediate. Ovulation rate per

ewe examined was highest in October and November. The high estrous activity in

September caused September to be nearly equal to October and November for

ovulation rate per ewe available.

Implications 

In many areas of the United States, high quality pasture forage is available

from early spring through early summer then forage quality and quantity decline

because of dormancy or drought. A traditional system in the Pacific Northwest is

to breed in August or September, lamb in January and February and sell market

weight lambs off pasture in June and July before pasture decline. An alternative

system would be to breed in October and November to take advantage of higher

ovulation rates presented in this study, lamb in March and April when lamb

survival may be higher because of less inclement weather and sell lighter lambs

in June and July. The potential trade-off between the two management systems

is marketing fewer heavy lambs from January-February lambing versus marketing

more light lambs from March-April lambing. An experimental comparison with an

economic evaluation needs to be undertaken to determine if advantages in ovulation

rate in the late lambing system would be negated by other factors.
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Table 1. PERCENTAGE OF EWES OF EACH BREED OF SIRE
SHOWING AT LEAST ONE ESTRUS IN A MONTH

Year	 Month
Breed of sire Mean

for
MonthCheviot Dorset Finnsheep Romney Suffolk

1979	 Jul 10 0 20 0 0 6

Aug 100 100 100 90 91 96

Sep 100 100 60 90 100 90

Oct 100 100 100 100 100 100

Nov 87 90 90 80 81 86

Dec 100 90 100 100 91 96

1980	 Jan 100 100 100 90 100 98

Feb 100 88 100 70 89 89

Mar 58 88 100 40 55 68

Apr 15 25 60 20 33 31

May 0 0 40 0 0 8

Jun 0 0 0 10 0 2

Jul 0 25 0 20 22 14

Aug 44 100 80 70 77 74

Sep 87 100 90 100 100 95

Oct 87 73 80 50 89 76

Nov 72 100 80 80 89 84

Dec 72 85 50 90 89 77

Mean for breed 63 70 69 61 67
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Table 2. LEAST-SQUARES BREED MEANS + STANDARD ERRORS (S.E.) FOR
OVULATION RATE

Ovulation rate
Breed of

sire Per ewe laparoscoped	 Per ewe available
(August-December)	 (May-December)

Cheviot	 1.48+.18	 .65+.12a

Dorset	 1.59+.17	 .89+.13a3b

Finnsheep	 2.04+.15	 .97+.10a

Romney	 1.48+.16	 .71+.11
b,c

Suffolk	 1.78+.14	 1.02+.11a

613123cMeans with a different superscript are different (p<.10).

Table 3. LEAST-SQUARES MEANS + STANDARD ERRORS (S.E.) BY MONTH
FOR OVULATION RATE —

Month

Ovulation rate

Per ewe laparoscoped	 Per ewe available
(August-December)	 (May-December)

May .10+.11c

June .03+.11c

July .09+.12c

August b1.57+.09 1.10+.11
b

September 1.45+.08
b

1.38+.12a'h

October 1.84+.08a 1.45+.11a

November 1.82+.08a 1.51+.11a

December 1.56+.11 b
1.10+.14

b

a,b,c
Means in the same column with a different superscript are
different (p<.05).
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Results of this study also can serve as a guideline for breed choices

for accelerated lambing programs where a breed with an extended breeding

season is necessary if hormone treatment is not used. If a breed is considered

to be in anestrus any spring or summer month when less than 70 percent of the

ewes exhibit estrus at least once in the month, Dorset- and Finnsheep-sired

ewes were in estrus for eight months in 1980, Romney- and Suffolk-sired ewes

for seven months and Cheviot-sired ewes for six months.

Ovulation rate appears to have a higher repeatability and heritability

than prolificacy. There appears to be a high positive relationship between

the two traits. Selection for ovulation rate may result in faster progress

for prolificacy than direct selection for prolificacy. The use of the

laparoscopic technique to determine ovulation rate described in this study

may be justified in elite flocks that are stressing selection for prolificacy.
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OBERGS' SHEEP PRODUCTION RECORDS

Sam and Edythe Oberq

A good sheep production program requires records and time. These records

should measure both the strong and weak areas in production. In developing

our farm flock we have constantly worked on improving our flock with good

records, selecting top replacements and sound management.

Our farm flock for the last five years has consisted of about 360 ewes

and 14 rams. We have Suffolk, Hampshire, Dorset, Montadale, Corriedale and

crossbred. Our flock has been developed by purchasing groups of older sheep.

We have always purchased top quality registered rams which were twins. The

average age of our ewe flock now is about five years.

We have developed several record forms for production information. We

believe each producer should develop a record system, based on what he or she

wants to know about the flock.

We found that the most critical item in maintaining good records is

adequate and reliable identification of each animal.

The record forms we used are: (1) individual ewe cards, (2) lambing,

(3) weaning and market weights, (4) ewe lamb replacement, (5) marketing, (6)

death loss, (7) research, (8) notebook to hold forms.

The individual ewe record gives a lifetime production on each ewe. This

card is used in culling ewes and selecting replacement ewe lambs. We found

that many of the best-looking ewes are not the best producers.

Our lambing records, filled in as lambs are tagged in the jug, are the

basis for most other records. Twin ewe lambs are tagged in the left ear to help

locate twins when replacements are selected. The lambing record also gives a

running count of ewes that have lambed and lambs that have been tagged.

Weaning weight records are completed at weaning time, between March 15 and

April 10 when each lamb is weighed. Weaning weights are used as one indicator

of what twin lambs will be kept for replacements.
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The weaning-market records also include dates and weights when lambs are

marketed. The market weight record is the average of the group marketed on a

particular day.

Within a few weeks after weaning, replacements lambs are selected from

the top 30 percent of the twin ewe lambs. In making the selection, records of

all twin ewe lambs are listed with their mothers' records. Next, we circle the

lamb's number of the lambs we plan to keep for our own replacement. The final

selection is made as we sort out the lambs with circled numbers. We make some

minor adjustment when we examine the replacement group. We identify the

replacement lamb with a permanent ear tag, tattoo and a paint brand.

Our marketing records give us a record of lamb and wool marketed, along

with prices. Over the last five years, prices have been about $10 per hundred

higher on June 1 as compared to September 1.

Another record form we use is a death loss record. This record has helped

us eliminate some death losses by correcting situations that have caused ewes

or lambs to die.

Research records have been developed for certain projects. Some projects

we have completed are value of Ralgrow, flushing with alfalfa hay and grain in

drylot, lambing time study, and confinement fattening. The present projects

are (1) developing a PM sheep (Profit Maker - Dorset, Suffolk, Rambouillet and

Finn cross)and (2) out-of-season breeding.

We believe records have been important for us during the last five years

and they will be even more important during the next five years.
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SELECTION FOR GROWTH AND REPRODUCTION IN TARGHEE SHEEP

G. E. Bradford, D. T. Torell, L. Lasslo, and R. eira

Weight of lamb sold per ewe, the primary source of income from commercial

sheep flocks in the United States, is determined by number of lambs weaned and

by their weights. Thus, selection for multiple births and for weaning are

frequently recommended as methods of making genetic improvement in the perfor-

mance potential of sheep. However, because of costs, in terms of both money

and time, of conducting long-term experiments with livestock, there have been

few controlled experiments to evaluate the effects of long term selection for

individual performance traits on overall performance and profitability.

A second important question, assuming that selection for performance traits

is effective in improving overall productivity, is whether selection to improve

performance of range livestock will be more effective if carried out under

range conditions or under conditions permitting a higher level of expression

of the traits.

We report here some results of an experiment, initiated in 1959 at the

University of California, Davis, and at the university's field station at

Hopland in the North Coast Range, designed to obtain information relating to

those two questions. The primary objective of the project, as indicated, was

to obtain information on means of breeding better sheep; production of superior

strains, if it occurs, will be a welcome bonus from the research, but was not

the primary goal. This is a progress report, since parts of the experiment

are still under way, and the data collected to date are not completely analyzed.

However, we are at a point where some answers are becoming clear, and some do's

and don't's for sheep improvement programs can be suggested from the results.

Description of the Experiment 

The experiment has been carried out in two flocks which differ markedly in

quantity and quality of feed available to the animals during most of the year.

The Davis flock of sheep are maintained in good condition throughout the year,

with numbers of lambs born per ewe probably close to the maximum genetic

potentials for the stocks kept. The Hopland Station represents an annual grass-

land range with a dry season of at least six months and wide year-to-year

variations in feed availability.
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Ewes of three-fourths finewool, one-fourth longwool breeding (Targhee type)

were allocated at random to selected and control lines in each location, and

the same sets of rams, eight per year, were used on all ewes in both flocks in

1959 and 1960. Selection for 120-day weight, adjusted for age of dam and type

of birth, was initiated in 1961 in the groups designated as selected lines

(DW, HW) and has been continued to date. Ram and ewe replacements in the un-

selected (control) lines (DC, HC-1, and HC-2) have been chosen at random.

In addition to selected and control lines within each location, a third

line, designated DH, has been maintained at Hopland throughout the experiment.

Initial ewes for this line were allocated from the same pool as the other lines

and have been selected on the same basis as in the HW line. Rams for this line

have been the selected DW rams, used as lambs at Davis and held over for use in

the DH line as yearlings. Thus, DH is analagous to a range flock consistently

buying rams raised and selected under conditions comparable to that in which

many purebred flocks are kept. The HW line, in contrast, represents a range

flock raising and selecting all its own rams under range conditions, and the C

lines represent flocks in which no selection is practiced.

In 1963, the older ewes from all lines, and some additional Hopland flock

ewes of similar breeding, were ranked on mean lifetime number of lambs born per

lambing and used as the foundation for a multiple birth line at Hopland (HT).

A multiple birth line (DT) was initiated at Davis from the best ewes from lines

DW and DC in 1964. Older ewes from DW and DC with high multiple birth records

were added to line DT, and from HW, DH, HC-1, and HC-2 to HT, for a few years,

i.e., the "T" lines were not closed immediately. Selection of rams in the T

lines was on the basis of dam's lifetime number of lambs born. Selection of

ewes was on their own multiple birth record; there was very little selection

among ewes at Hopland.

Because of space limitations at Davis, line DT was transferred to Hopland

in 1971, where it was combined with line HT and the total numbers in line HT

expanded.

A summary of the experimental design is given in Table 1. The Hopland lines

are being continued, and an experiment is now underway to evaluate crosses among

the lines. No results are available yet on the crosses.
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Table 1. DESIGN OF THE SELECTION EXPERIMENT

Location

Davis	 Hopland

Selection
criterion Line

No.
rams/

Yr.

No.
ewes/

Yr.
Years Line

No.
rams/

Yr.

No.
ewes/

Yr.
Years

120-day weight DWI 5 80 '61-'77 HW 5 70-100 '61-'81

120-day weight OH' 5 60-100 '61-'81

Multiple births DT 5 80 '64-'71 HT 2 5-8 80-120 '63-'81

Unselected DC 5 40 '64-'77 HC-1 5 40-50 '61-'81

HC-2 5 40 '61-'77

'Selected DW rams used as lambs in line DW at Davis and as yearlings in line
DH at Hopland, 1961-1978. DH rams selected at Hopland beginning 1979
(sires of 1980 lamb crop).

2 DT line transferred to Hopland in 1971 and combined with HT.

All sheep in the project within each location were managed as one flock,

so that differences between lines should represent genetic difference only.

The flock at Davis was maintained on irrigated pasture or in drylot

(mostly drylot in later years), with alfalfa hay as the principal source of

feed. At Hopland, sheep were on the range except for 2 weeks (flushing)

before breeding and a 5-week breeding season, and a 2- to 3-week period at

lambing. The range forage available from the end of May until October or

November is dry and hence low in digestibility and in protein, phosphorus,

and other nutrients. As a measure of the difference in plane of nutrition,

Davis ewes had average grease fleece weights of 11 to 12 pounds per year, Hopland

ewes 6.5 to 8.0 pounds.

Ewes were bred in August and September, and thus lambed in January and

February. Davis lambs were weaned at 90 to 120 days in the earlier years, and

60 to 75 days in the later years; additional weights were recorded in all cases

and selections based on adjusted 120-day weights. Hopland lambs were all weaned

on the same day each year, from mid-May to early June depending on when the feed

dried.
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Rams in the selected lines, except DH, were used as lambs at 6 to 7 months

of age to shorten generation interval. They were fed for near maximum growth

from weaning to the start of breeding. Randomly selected C line ram lambs

were used the first year or two, but in spite of being well fed, some failed

to achieve the necessary weight to breed effectively as lambs, and only yearling

and two-year-old rams were used subsequently (since rapid generation turnover

was not a necessary objective in these lines). Ewes were bred to lamb first at

two years of age, with the exception of one or two years in each flock where

some were bred to lamb at one year. No ram lambs were castrated.

Weights adjusted to 120 days of age were further adjusted for sex, age of

dam, and type of birth by factors calculated separately for each flock. The

factors used are summarized in Table 2.

Table 2. MULTIPLICATIVE FACTORS TO CORRECT 120-day WEIGHT
TO A FEMALE, SINGLE, MATURE DAM EQUIVALENT

Davis Hopland
Dam age Sex

Single Twin/Single Twin Single Twin/Single Twin

2 Ewe 1.06 1.14 1.21 1.06 1.16 1.30
Ram .92 1.01 1.09 .98 1,08 1.22

3 Ewe 1.02 1.09 1.15 1.02 1.12 1.25
Ram .88 .97 1.04 .92 1.02 1.16

4 Ewe 1.00 1.08 1.14 1.00 1.09 1.22
Ram .86 .95 1.02 .88 .98 1.12

These factors indicate several interesting differences between the two

flocks in the effects of these variables on lamb weights:

1. A larger difference between males and females, and a smaller differences

between twins and singles, under better feed conditions.

2. A greater effect of age of dam under range conditions.

The combined effect of being a twin and from a two-year-old dam at Hopland

is particularly severe. Weights of such lambs must be increased by 30 percent

to bring them to a single, mature dam equivalent.
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RESULTS

Growth Rate 

Yearly mean adjusted 120-day weight for the different lines are shown in

Figures 1 and 2. The replicate control lines at Hopland (HC-1 and HC-2) were

quite similar and are combined in the graph.

There was obviously a good deal of year-to-year variation in both environ-

ments, and without the control lines it would be very difficult to interpret the

results. However, by comparing the weights for the selected and unselected

lines, several points are clear:

1. Selection in both environments increased weaning weight compared to

the unselected controls.

2. Much more improvement was made in the better environment.

3. The improvement made at Davis was expressed at Hopland, not to the

same degree as at Davis, but sufficiently that the DH line was usually slightly

superior to the HW line.

4. Apparently there has been a negative environmental trend at Hopland.

The year-to-year variation can be smoothed out by calculating the average

divergence per year between the selected and control lines (in each location).

The resulting values multiplied by the number of years of selection provide on

overall estimate of the direct response to selection, as follows:

DW - DC = 1.13 lbs/year x 14 years = 15.8 lbs

HW - HC = 0.39 lbs/year x 19 years = 7.4 lbs

DH - HC = 0.55 lbs/year x 19 years = 10.4 lbs

The estimated mean changes per year (1.13, .39, .55 lbs) are very much

affected by the values in the latest years included. As can be seen from Figures

1 and 2, considerably higher values would have been realized if the experiment

had been terminated in 1973 at Davis and in 1976 or 1977 at Hopland. Year-to-

year variations in apparent response are common in selection experiments, and

we do not believe the most recent values indicate that response has ceased.

Both graphs show dips in earlier years, followed by substantial increases, and

we expect further response in these lines.

The estimated total increases were compared with cumulative selection

differentials for 120-day weight, giving estimates of 19 percent, 9 percent, and
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10 percent for realized heritability in lines DW, HW, and DH, respectively.

Genetic potential for early growth rate appears to be expressed more fully

under the better feed conditions. It is interesting to note that an analysis

of data from the base population and the first few years of selection (Osman

and Bradford, 1965) indicated an estimate of heritability of 120-day weight

twice as high at Davis (40 percent) as at Hopland (19 percent). The realized

estimates are much lower (for which there may be good reasons), but the ratio

of responses in the two environments was accurately predicted by the earlier

analysis.

The difference in response between lines HW and DH (.39 vs. .55 lbs per

year) was not quite significant statistically. If it is a real difference,

the most likely explanation is the higher selection differentials in the DH

line, reflecting higher reproductive rate and lamb survival at Davis. The

realized heritabilities, as pointed out above, are very similar.

When the experiment was undertaken, we speculated that the experiment

would show one of two results:

a) selection for growth rate under range conditions would result in more

improvement of performance for that environment than selecting under more

intensive conditions of feeding and managements, i.e., that growth in the two

environments might be, in part, two different traits.

b) that selection in an environment where the trait has a higher heritability

and use of the improved strain under range conditions would result in more

improvement for a range environment than selecting in that environment.

The results indicate that neither of these occurred and that, based on

the results of this experiment, the environment in which selection is practiced

doesn't make much difference. This conclusion should certainly not be generalized

to other traits or other environments, and infact with the lack of replication

within locations, it is not certain that it is a general conclusion for this

particular trait and pair of environments. However, the striking similarity

of performance of lines HW and DH provides a very strong suggestion that the

same genes affect growth in both environments, even though their effects are

expressed to a different degree in the two environments.
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Changes in Other Traits 

The values of 7.4 to 15.8 pounds represent increases in weight of each

lamb weaned in these lines resulting solely from selecting the heavier lambs

at weaning and using them for breeding. Although the changes per year are

not very large, the cumulative effect is substantial. If nothing else had

changed, these would represent important gains in lamb production from the

flock. However, as is usually found in selection experiments, other things

did change.

Data on mature ewe weights are not analyzed yet, but mature weight has

increased substantially, with an accompanying increase in feed intake. For

the flock owner grazing on Forest Service or other rented range and paying on

a per head basis, costs would not go up; for any other situation, for example

drylot, irrigated pasture, or fixed acreage range, fewer selected than control

ewes could be carried on the same land. The difference has not been quantified

yet, but the increase in mature weight would offset a significant part of the

advantage of the heavier lambs.

Fertility and litter size have not changed greatly in the selected lines,

but there appears to be some tendency towards a reduction in proportion of ewes

lambing, but an increase in litter size born per ewe lambing, compared to the

control lines. These also will be the subject of further analysis.

The trait which has changed most has been lamb survival. Compared to the

respective control lines, lamb survival to weaning on average, has declined

approximately 1.2 percent per year in line DW, .4 percent in HW, and .85 percent

in DH. Multiplying these by the numbers of years of selection indicates declines

in survival of approximately 17 percent, 8 percent, and 16 percent, which may be

compared to increases of approximately 20 percent, 10 percent, and 15 percent in

120-day weight. The decrease in survival in the selected lines occurred in both

singles and twins, suggesting that difficult birth because of large size at birth

was not a major factor. The decrease also occurred in both sexes, though it

tended to be greater in males than in females.

Weight of lamb weaned per ewe mated, which reflects the combined effects of

any differences in fertility, prolificacy, survival, and growth rate, has increased

in the selected lines. The average differences between lines HW and HC for the
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periods of 1961-66, 1967-73, and 1974-80 were 3.6, 8.0, and 9.2 pounds for an

overall average of 7.0 pounds. The overall average difference between DH and

HC was very similar, 7.3 pounds, but more variable from year to year. Thus, in

spite of the decline in lamb survival, total production per ewe has increased

as a result of selection for increased 120-day weight. Determining whether

efficiency of production is higher when the increased mature weight is taken

into account will require further experimentation.

Selection for Multiple Births 

Results for this phase of the experiment are less completely analyzed and

will not be present in as much detail. Mean number of lambs born per ewe

lambing for the different Hopland lines are shown in Figure 3. The following

conclusions can be stated:

1. The initial selection of 80 ewes from a group of 400 to 500 based on

four or more years' records produced a line (HT) with a genetic potential above

that of the unselected control.

2. A difference of about .15 lambs has been maintained, but the original

gain has not been exceeded during an additional 15 years of selection.

3. Weight of lamb weaned per ewe mated has been higher in line HT than in

HC in 13 of 16 years. The average superiority has been 8.5 pounds i.e., somewhat

higher than in either of the lines selected for weaning weight. This has been

achieved with little or no increase in mature ewe weight, and it seems highly

probable that selection for multiple births has increased efficiency of lamb

production.

The one discouraging (and very puzzling) aspect of the results is that

multiple birth rate has not increased after the initial response. At present,

we have no explanation for this. It is of interest to note that a similar

result occurred in the Wallace high fertility line of Romneys in New Zealand

(Clarke, 1978). In that project, an initial screening in 1948 of a flock of

1,000 ewes for the best and poorest 100, in terms of twinning, produced a

difference in lambs born per ewe mated of between 10 and 15 percent. The

difference between High and Low selected lines derived from these two groups

did not appreciably exceed this value until 1962, but the lines then diverged

rapidly, and for the period 1968-1972, the difference was 62 percent. Comparison
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with an unselected control indicated that more than three fourths of the

difference represented improvement in the High line. Only further selection

will determine whether a similar result will occur in the California experiment.

Implications for Sheep Improvement 

As indicated in the introduction, the objective of this experiment was to

obtain information on the effects of selection for components of performance in

sheep. It was not necessarily implied that single trait selection should be

practiced by breeders.

All three selected lines at the Hopland Station exceed the unselected

control lines in terms of weight of lamb weaned per ewe mated. The increase in

the multiple birth line has been achieved without an increase in mature size,

and presumably, therefore, with no increase in ewe maintenance feed requirements.

It is probable, therefore, that efficiency (output/input) has increased more in

line HT than in the weight-selected lines (HW and DH). We believe that selection

for multiple births is a practice that will improve productivity of sheep.

Whether selection is the best method of increasing multiple births is not so

clear. Since this experiment was started, the Finnish Landrace breed has been

imported, and it is now well established that crossing with the Finnish Landrace

will result in an immediate and large increase in incidence of multiple births.

Data from the Hopland Station (Table 18, Dickerson, 1977) indicate an increase of

12 pounds (23 percent) in weight of lamb at 15 weeks from 1/4 Finn, 3/4 Targhee

ewes compared to straightbred Targhee-type ewes. This is a greater increase

than achieved with 15 years of selection in the HT line. Thus, where the 1/4

Finn ewe is acceptable in other respects, that approach to increasing prolificacy

probably will be preferred to selection. However, it is useful to know that

selection for multiple births is effective and can be used to improve productivity.

The findings that selection for weaning weight is considerably more

effective under better feed conditions, and that there are no apparent dis-

advantages of using rams from stocks selected under such conditions for improve-

ments of range flocks, are potentially very useful for development of breeding

plans. If the latter finding proves to hold generally, it suggests that breeding

males for use in range flocks can be raised under whichever conditions are more

economical and convenient.
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The decrease in lamb survival in the selected lines suggests that selecting

for this trait alone should not be recommended. We believe, based on results

of other selection experiments, that the decline in survival found in these

lines may be greater than would be expected on average from this much selection

for growth rate. Nevertheless, consideration of relationships between size and

livability in comparison of different breeds and crosses in several species

suggests that the negative relationship is real. Thus, sole or major emphasis

on growth rate does not appear to be indicated in meat animal selection programs.

Even in terminal sire breeds such as the Suffolk, it would be of interest to

compare net productivity of systems using males of extremely large vs. medium

sized strains.

Based on results of experiments with selected lines of laboratory animals,

crossing of the single trait selected lines may lead to high levels of heterosis

and to higher levels of performance than can be obtained by selection within

groups or crossing unselected strains. The 1980 and 1981 lamb crops at the

Hopland Station include C x C, W x W, and W x T crosses as well as the parent

lines. These will be evaluated for individual growth and for reproduction and

maternal ability of the ewes. It is possible that such line crosses will have

higher performance than can be obtained by other breeding plans within a breed.

Another potential use of the selected lines is in a breed crossing program

to provide desired combinations of traits not available within breeds. Mention

was made earlier of the high performance of 1/4 Finnish Landrace ewes. Since

Finns are somewhat smaller than breeds used for commercial lamb production in

the United States, crossing Finns with a strain selected for rapid growth/large

size should produce a better F1 ram for siring 1/4 Finn replacement ewes than

Finn x standard strains. Limited data from the UC flocks suggest that this is

the case, and that this may be an effective way to use the weight-selected

strains.

SUMMARY

Long term selection for high 120-day weights in Targhee sheep was carried

out in two locations, one representing a high plane of nutrition typical of

that often found in purebred flocks, the other a rather harsh range environment.

A second selected group, mated continuously to rams "imported' from the better

environment, was maintained in the range flock.
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Response to selection was higher in the better environment, because animals

with high growth potential express it to a greater degree under better feed

conditions.

Selection under good conditions was at least as effective in improving

growth rate of sheep raised under range conditions as was selection under range

conditions.

Weight of lamb weaned per ewe mated increased, but less so than individual

lamb weaning weight because of a decrease in lamb survival in all three lines

selected for high weaning weight.

Mature weight has increased significantly as a result of selection for

weaning weight. Correlated changes in other traits also are being studied.

A high multiple birth strain was initiated with the best approximately 20

percent of a group of several hundred ewes on lifetime number of lambs born.

The initial selection produced a line with an average of appxoximately 15 more

lambs per 100 ewes than an unselected control. This difference has been

maintained but not increased by continued selection.

Weight of lamb weaned by multiple birth line ewes is higher than for the

control line and in fact slightly higher than in the weight-selected lines,

without an accompanying increase in mature ewe weight. Thus, efficiency in

terms of lamb weight weaned per unit of feed input to the flock probably is

highest in the multiple birth line.
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