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Advantages of Multispecies Grazing: Perceptions
of Idaho and Wyoming Producers

Kitri Falxa', Larry W. Van Tassell>*, and John P. Hewlett3

Summary

This study reports findings of a survey
aimed at examining whether
complementarity in sheep and cattle pro-
duction is recognized by producers and
is an important factor in the maintenance
of both enterprises by ranchers in Idaho
and Wyoming. Over 80% of respondents
felt their cattle and sheep enterprises had
some degree of integration and comple-
mented one another. This
complementarity was created by the di-
etary selection, grazing behavior and the
social structure of sheep and cattle.
While the sheep enterprise was the most
labor intensive, labor and equipment re-
quirements of the two enterprises were
seen as being complementary. Profitabil-
ity and cash flow additionally were aided
by the diversification provided from main-
taining both a sheep and cattle enterprise.
The majority of producers felt that fluc-
tuations in prices and production be-
tween sheep and cattle enterprises were
somewhat offsetting. While 70% of re-
spondents felt sheep had been histori-
cally more profitable than cattle, more re-
spondents assigned a higher probability
that they would abandon the sheep busi-
ness before the cattle business because
of recent trends in the industry.

Key Words: Survey, Multispecies graz-
ing, Complementary products, Diversifi-
cation.

Introduction

When grazing the same rangeland, sheep
and cattle have been shown to exhibit
complementary, supplementary and com-
petitive relationships depending upon the
stocking ratios of the two species and
the type of rangeland involved. A com-
petitive relationship finplies that cattie
and sheep will compete with each other
for limited resources while a supplemen-
tary relationship exists when one species
can be added to the grazing mix without
decreasing the stocking rate of the other
species. A complementary relationship
evolves when adding one species to the
grazing mix will result in also being able
to increase the stocking fate of the origi-
nal species. To demonstrate these rela-
tionships, assume a producer has 5,000
acres that can be grazed. Figure | con-
tains a hypothetical production possibili-
ties curve that shows different combina-
tions of sheep and cattle that can graze
on the 5,000 acres. If only sheep graze
the forage, Figure 1 depicts that 1,000
ewes can be maintained. If only cattle
graze the forage, Figure 1 assumes that
200 cows can be supported. A supple-
mentary relationship exists when the
range is stocked at the maximum to ac-
commodate one species and the other
species can be added to the range with-
out decreasing the stocking rate of the
original species (Supplementary Region).
As numbers of the added species are in-

creased, the two species begin to com-
pete for resources and the supplemen-
tary relationship evolves into a competi-
tive relationship (Competitive Region).
Under the competitive relationship, num-
bers of one species cannot be increased
without decreasing numbers of the com-~
peting species. The curvature ofthe line
in the competitive region also indicates
diminishing returns, After a certain point,
as more of one species is added, they
displace more of the other species (i.e.,
competition for the resource gets more
intense).

A complementary relationship is demon-
strated in Figure 2 (Complementary Re-
gion). Ifthe range is stocked at the maxi-
mum to accommodate one species and

1 Former graduate student,
Department of Agricultural and
Applied Economics, University of
Wyoming.

2 Department head and professor,
Department of Agricultural
Economics and Rural Sociology,
University of Idaho.

3 Extension Specialist, Department
of Agricultural and Applied
Economics, University of
Wyoming.

4 University of Idaho, Department

of Agricultural Econemics and
Rural Sociology Moscow, 1D
B83844-2334 Phone:(208) 885.7869;
Fax:(208)885.5759;
Emailfaroye@uidaho.cdy

Sheep & Goat Research Journal, Vol

.17, No.1: 2001

Y




Figure 1. Hypothetical production possibilities frontier for cattle
and sheep showing supplementary and competitve regions.
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Figure 2. Hypothetical production possibilities frontier for cattle
and sheep showing complementary and competitve regions.
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another species is added to the range,
the stocking rate (or production level) of
the original species can be concurrently
increased. This relationship will eventu-
ally evolve into a competitive relation-
ship as additional numbers are added and
the two species compete for scarce re-
sources. These relationships typicaily

exist because catile and sheep display
different dietary selection, grazing behav-
ior, and social structure (Jarman, 1974,
Schwartz and Ellis, 1981; Hanley and
Hanley, 1982). On many ranches, two to
three sheep can be added per cow with-
out decreasing cattle numbers (Hulet et
al., 1992a). The scientific literature is fisil

of experimental studies where research-
ers have found complementary and
supplementary relationships between
cattle and sheep. For example;
*Van Dyne et al. (1980) summarized over
200 studies and concluded that sheep
and cattle, respectively, consume 50 and
70% grass, 30 and 15% forbs, and 20 and
15% browse. Sheep and cattle overlap
least in the spring (55%) and most in the
summer and fall (75%) as grasses take
dietary place of forbs for sheep due to
defoliation of leaves (Walker, 1994).
*Topography is another consider-
ation of livestock selectivity. Sheep
can access forages on rough terrain,
ridges, and steep slopes more easily
than cattie (Rector, 1983).
*Increased efficiency from grazing
different types of animals occurs
when one species increases acces-
sibility of high quality plant regrowth
for consumption by a second spe-
cies (Rector, 1983). Animal produc-
tion and performance concurrently
improves (Esmail, 1991).
Sheep will consume weeds and for-
age near dung that cattle will not,
thereby increasing total available
feed (Abaye et al., 1993).
*The anatomical structure of the
mouth allows sheep to graze closer
to the soil surface and be more se-
lective in their grazing preference
than cattle {Walker, 1994},
*The production level of sheep, and
at times cattle, has been shown to
increase when social bonds have
been developed between cattle and
sheep, and they are grazed jointly
(Hulet et al., 1992b; Abaye et al.,
1993; Amold, 1985; Esmaiil, 1991;
Walker, 1994),
*Multispecies grazing may help con-
trol internal parasites, because stock-
ing rate per species decreases
thereby decreasing overall contami-
nation. Cross-immunity between
sheep and cattle also helps control
gastrointestinal parasites. If one
species ingests a host specific para-
site of another species, it stimulates
their own immune response to chal-
lenge their own parasite species
{Esinail, 1991).
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As shown in the literature, certain supple-
mentary or complementary relationships
are developed between cattle and sheep
whether the two species simultansously
or alternately graze the same rangeland.
Gee and Magleby (1976) found that two-
thirds of sheep producers in the United
States also raise cattle. They did not
specify if the livestock species graze to-
gether or if any supplementary or comple-~
mentary refationships were underlying
reasons for simultaneously producing
sheep and catile,

This study was undertaken to examine
the perceptions of sheep producers in
Idaho and Wyoming regarding the
complementarities of producing cattie and
sheep on the same ranching operation to
determine the major sources of the
complementarities. The term complemen-
tary will be used in this study to describe
both supplementary and complementary
relationships.

Materials and Methods

A survey of Idaho and Wyoming sheep
producers was conducted during the
winter/spring of 2000. Wyoming cur-
rentiy ranks 2" nationally in number of
breeding sheep and 3" in number of ail
sheep and 4™ in the number of market
sheep and lambs (NASS, 1999), Idaho
ranks 8" nationally in number of breed-
ing sheep, 8" in number of all sheep and
10™ in the number of market sheep and
lambs (NASS, 1999),

The survey instrument was used to ob-
tain information regarding ranch size and
resources, relative profitability of sheep
and cattle enterprises, perceptions of pro-
ducers, grazing management strategies,
and complementarities of producing both
sheep and cattle.

Surveys were mailed during February
2000. A reminder post card was sent two
weeks later, followed by a second mail-
ing of the survey four weeks after the
original survey mailing. Budget con-
straints did not permit a telephone fol-
low-up to determine producer bias.

or cattle business in 10 years.

Figure 3. Respondents’ {sheep only and multispecies producers)
estimation of the probablility that they will still be in the sheep
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Figure 4. Respondents timing of lambing and calving by month.
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Members of the Wyoming and Idaho
Wool Growers Associations constituted
the survey population. Each association
provided names and addresses of mem-
ber sheep producers. Most non-produc-
ers such as 4-H clubs, FFA clubs, and
agricuitural extension offices were deleted
from the survey population.

Results and Discussion

Respondent and Resource Characteristics

Out of 815 individuals surveyed, 406 re-
sponded, for a 49.8% response rate. Of
the 406 respondents, 69 were eliminated
from the statistical analysis because they
had retired and sold their operation, had
received duplicate surveys, were feedlot
operators, or no longer raised sheep. Of
the remaining 337 completed surveys, 189
respondents produced sheep and catile,
and 142 produced sheep only. Twenty-
nine percent of the sheep-only produc-
ers had previously owned cattle.
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Table 1. Reasons producers gave for favoring cattle over sheep or sheep over cattle if they were
required to liquidate one of the enterprises.”

Reasons for Keeping Cattle % Respondents Reasons for Keeping Sheep % Respondents

Fewer predator problems 85 Matches my management expertise 68

Better outlook for the industry 62 Personal preference 68

More available markets 57 Ease of handling - 65 i
Easier to get labor 37 Our traditional operation 62 i
Ease of handling 31 Better cash tflow 41 g
Better profitability 26 Better profitability 34 L
Beiter cash flow 24 Fewer environmental concerns 22
Matches my management expertise 23 More available markets 9 "
Our traditional operation 20 Better outlook for the indusiry 8

Fewer environmental concerns 14 Easier to get labor 8

Personai preference i Fewer predator problems 3

Fifty-five percent of respondents stated that if they were required to liquidate one enterprise, they would liquidate the
sheep enterprise. Forty-five percent stated they would liquidate their cattle enterprise.

Table 2. Respondents’ perceptions regarding how well cattle and sheep enterprises complement
one another.

‘ Strongly Strongly
Issue Agree  Agree  Neutral  Disagree Disagree
' %

A. Caitle and sheep are run as separate 2 1 10 33 45
operations and do not complement each other.

B. Cattle and sheep compiement each other 42 43 12 2 0
by the way they graze our terrain.

C. Cattle and sheep complement each other 42 46 10 2 0
by their selection of grazed forages.

D. Sheep reduce noxious weeds on our operation. 29 51 i5 5 14

E. Sheep grazing before or with cattle reduces 13 24 54 8 1
poisonous plant toxicity in our cattle.

F. Sheep grazing with cattle reduces sheep 7 24 3 23 i4
predator losses.

G. Running both cattle and sheep helps diversify 34 45 17 4 0

income because when prices are low for one,
they are usually higher for the other.
H. Running both cattle and sheep helps diversify 19 33 36 9 2
our income because when production is down
for one enterprise, it is usually up for the other.

I.  Running both cattle and sheep helps our cash 18 50 23 8 1
flow, because we miarket their products at different
times.

J.  Running both saves on expenses, because 16 55 19 8 2
equipment needs overlap.

K. Running both saves on expenses, because labor 14 54 24 7 |
needs overlap.

L. Running both saves on expenses, because facility 13 46 27 it 3

needs overlap.

Respondents indicated they have been  have smaller flocks (603 ewe average) average beef cattle inventory for
producing livestock for an average of40  compared to producers who ran both  multispecies producers (had both cattle
years. Sheep only producers tended to  cattle and sheep (1,465 ewe average). The  and sheep) was 236 beefcows. Over 95%

4 Sheep & Goat Research Journal, Vol. 17, No. 1: 2001




of producers indicated they also main-
tained a yearling enterprise and/or a feeder
famb enterprise. For muitispecies pro-
ducers, cattle comprised an average of
52% oftheir AUM mix.

Much of the grazing occurred on non-
irripated pasture. Sheep only producers
grazed an average of 8,010 acres of non-
irrigated rangeland and 68 acres of irri-
gated forage while using 330 AUMSs of
crop aftermath. They also leased an av-
erage of 210 AUMs from their respective
State Land Board. Multispecies produc-
ers were typically larger operations with
an average of 20,491 acres of non-irri-
gated rangeland, 192 acres of irrigated
forage and 376 AUMSs of crop aftermath.
State leases accounted for 477 AUMSs of
their forage.

Federal lands were important forage con-
tributors to many ofthe operations. Fifty-
one percent of the multispecies ranchers
used Bureau of Land Management (BLM)
lands for an average of 2,047 AUMSs
while 16% of sheep only producers main-
tained a BLM lease for an average of 1,982
AUMSs. United States Forest Service
(USFS) leases were operated by 31% of
multispecies producers (1,033 AUM av-
erage) and by 15% of sheep only pro-
ducers (846 AUM average).

Many producers raised hay (66% of re-
spondents) and some small grains (36%
of respondents). In addition, 9% of the
producers stated they raised some other
type of crop.

Profitability

When asked which was their most profit-
able enterprise on average, cattle or sheep,
70% of respondents stated sheep were
more profitable. Some respondents wrote
that cattle are presently more profitable,
but that sheep were more profitable be-
fore the Wool Incentive Program ended
and before predators became a major hin-
drance.

Respondents were asked to state the
probability that they would stili be in the
sheep or cattle business 10 years from
now. They were given categories of 0%

Figure 5. Total amount of time by month spent with the cattle,
sheep and other enterprises,
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Figure 6. The percent of time facility and equipment are used in
common by the cattle and sheep enterprises.
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to 25%, 26% to 50%, 51% to 75% and
76% to 100% probability. Responses
were quite similar with respect to sheep
enterprises for both sheep only and
multispecies producers (Figure 3). Nearly
40% of producers felt there was a low
(0% to 25%) probability they would still
be in the sheep business 10 years from

now. Just under 30 percent felt confident
they would remain in business (75% to
100% probability). Conversely, over 50%
of the multispecies producers assigned a
75% to 100% probability they would still
be in the cattle business in 10 years and
less than 20% gave a 0% to 25% prob-
ability of being in the cattle business.
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Table 3. Respondents’ average labor allocations per month by percentage of total hours.!

Mounth Cattle Sheep Other
e
January 36 42 x
February 38 44 18
March 42 44 14
April 40 43 17
May H 40 26
June 29 37 X
July 2% EY) 42
August 26 13 41
September 28 36 36
October M 35 31
November 36 35 29
December 3 39 zi

'Highest labor allocations per month are in bold.

Sheep producers, additionally, were
asked to approximate their break-even
lamb price at weaning. The average break-
even lamb price at weaning was $0.73/
pound with a range of $0.43/pound to
30.97/pound. There was a slight differ-
ence in the break-even price between
sheep only producers ($0.74/pound) and
multispecies producers ($0.72/pound).

Producers appeared to have more eco-
nomic reasons for raising cattle but had
more sentimental reasons for raising
sheep. Fifty-five percent of respondents
stated they would choose cattle over
sheep if required to liquidate one of their
enterprises. The main reasons for choos-
ing cattle were fewer predator problems,
better industry outlook, and more avail-
able markets (Table 1). Additional com-
ments offered by respondents as to why
they would keep their cattle enterprise
included: less theft; less labor, time, and
management invoived; no shearing in-
volved; fewer BLM problems; and their
federal grazing permits are only for cattle.
The top four reasons given by produc-
ers who would choose to liquidate their
cattle enterprise were: sheep production
matched their management expertise;
sheep were a personal preferences; sheep
were easier (0 handle; and sheep produc-
tion was their more traditional enterprise.

Additional reasons offered by produc-
ers for favoring sheep over cattle in-
cluded: fewer health problems; less “out-
side” help needed; the abitity of sheep to
control weeds and brush; better use of
range resources; sheep are better suited
to their range/pasture; sheep are a “su-
perior grass fed product™; their federal
grazing permits are only for sheep and
can not be changed; and “we are sheep
people”.

Multispecies Grazing

Respondents stated that 53% of their
grazing land was used in common by
cattle and sheep. The amount of grazing
land used in common ranged from a low
0f 20% to a high of 100%.

The majority of respondents {63%) stated
that sheep and cattle graze together at
least part of the year, When grazing to-
gether, the cow-to-sheep ratio averaged
1:10, The cow-to-sheep ratios most fre-
quently used by respondents were 1:5
(35% of respondents) and 1:10 (i5% of
respondents). Eleven percent of respon-
dents stated their cow-to-sheep ratio was
less than i:1 (i.e., more than one cow per
ewe).

Reasons offered by respondents regard-
ing why they graze cattle and sheep to-

gether included: they utilize different for-
ages; it is more economical to winter feed
in the same area; they like each other; for
convenience; limited land; predator con-
trol; and good range management. Rea-
sons offered by respondents for not hav-
ing their cattle and sheep graze together
evolved around problems regarding non-
bonding of the two species, lack of sheep
fencing, and supplementation (copper)
needed for the cattle was toxic to sheep.

Many of the respondents stated their
sheep and cattle were grazed on the same
land but at different times. When this
occurred, 54% of respondents stated
they had sheep graze first followed by
cattle, while 46% stated they had cattle
graze first. The main reason listed by
producers for grazing sheep first was that
sheep prefer or need young and short
spring forage while cattle can cleanup
older grasses. Other reasons included:
sheep eat and trample noxious weeds
before cattle are turned out; ewes are
flushed on alfaifa aftermath before breed-
ing; better livestock gains occurred when
sheep have first pick; and “this best fits
our resources”. Reasons respondents
offered for why they have catile graze
first were: sheep clean up what cattle will
not eat; sheep wiil eat the forage down
lower; cattle graze down tall, rank plants;
reduces sheep bloat; fits their rotational

6
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plan; sheep wiil graze creek bottoms af-
ter flies leave; sheep will utilize the
browse; and “cattle need first choice of
forage since sheep can survive on any-
thing”.

Complementarity Between Cattle and
Sheep
To examine multispecies producers’ per-
ceptions regarding how well sheep and
cattle enterprises complement one an-
other, respondents were asked to state
whether they strongly agreed (SA),
agreed {A), were neutral (N), disagreed
(D), or strongly disagreed (SD} with 12
statements regarding the complementarity
of cattle and sheep (Table 2). Almost
half (45%) of the survey respondents
strongly disagreed and 33% disagreed
that cattle and sheep were run as sepa-
rate enterprises on their operation and
did not complement each other. Respon-
dents either agreed or strongly agreed
that both species complement each other
by the way they graze terrain (85%) and
by their selection of forages grazed
(88%). Eighty percent of respondents
strongly agreed or agreed that sheep re-
duced noxious weeds, but the majority
{54%) were indifferent as to whether
sheep grazing reduced poisonous plant
~toxicity in their cattle. Respondents were
likewise indifferent as to whether sheep
grazing with cattle reduced sheep preda-
tor losses, with 31% of respondents on
the agree side, 37% on the djsagree side,
and 3 1% being neutral.

Theoretically, one of the main reasons
for diversifying enterprises is to reduce
price and production risks. Price and pro-
duction will ideally be reduced if income
streams from the two enterprises move in
opposite directions during a given time
period (i.e., are negatively correlated).
When asked how sheep and cattle enter-
prises aid in diversifying income, 79% of
respondents agreed or strongly agreed
that when prices are low for one enter-
prise, they are usually high for the other.
‘The majority of respondents (53%) like-
wise agreed that fluctuations in produc-
tion between sheep and cattle enterprises
were generaily offsetting. With respect
to cash flow considerations, 71% of re-

spondents felt that the ability to market

sheep and cattle products at different
times of the year aided their cash flow
situation, In most cases, respondents
also agreed or strongly agreed their op-
erating expenses were reduced because
equipment needs, labor requirements,
and facility needs oftheir cattle and sheep
enterprises overlapped.

Several respondents added additional
reasons why they maintain both sheep
and cattle enterprises. These reasons
dealt with issues such as banks would
only lend money for cattle expansion,
sheep better utilize winter pastures be-
cause they can effectively use snow as a
water source, cattle can graze the remote
parts of the ranch without hindrance from
predators and greater carrying capacity
of the land is obtained from using both
enterprises equaled increased income.

To more thoroughly examine the
compiementarity of cattle and sheep en-
terprises with respect to labor, respon-
dents were asked to state the months in
which they lambed and calved. Produc-
ers were additionally asked to indicate
the number of hours of labor that were
available each month on the ranch and
how those hours were allocated between
sheep, caitle and other enterprises. As
may be expected in the western U.S., most
of the lambing and calving occurred in
carly spring (Figure 4). By far, April ap-
peared to be the most opportune time for
lambing or calving. Over 66% of respon-
dents were lambing and/or calving three
or more months out of the year.

Forty-five percent of respondents
planned their lambing and calving so they
did not overlap while 12% did ail of their
lambing and calving concurrently. Ap-
proximately 27% of respondents over-
lapped their fambing and calving by 1
month and 24% concurrently lambed and
calved over a 2-month period. Concur-
rent lambing and calving occurred most
frequently in March.

When total labor requirements were ex-
amined, more Jabor was expended on the
sheep enterprise than cattle in ali months

except November (Figure 5 and Table 3).
Sheep accounted for 32% to 44% of the
monthly labor requirements of the whole
ranch. Calving and lambing season re-
quired the greatest amount of labor fol-
lowed by farming during the summer
months. Other activities (e.g., farming)
used the highest percentage the labor
avaijlable in July and August.

The facilities required for beef and sheep
production may or may not always be
complementary between the two enter-
prises. Respondents were given a listing
of assets that are typically found on cattle
and sheep operations and were asked to
state if they were used in common, not
used in common, or were not applicable
to their ranching operations. Approxi-
mately 50% to 60% of respondents used
the same working facilities, loading fa-
cilities, holding pens, and herd dogs for
both their sheep and cattle enterprises.
Stock trailers were used most in common
(97% of respondents) along with horses
(70% of respondents). Separate birthing
and weaning facilities were maintained
for sheep and cattle by 57% and 53% of
respondents, respectively.

Conclusions

Complementarity was found to play an
important role in the maintenance of
multispecies cattle and sheep operations
in idaho and Wyoming. Better utilization
of forages appears to be a major reason
why producers maintain both enterprises.
While maintaining two separate livestock
enterprises frequently requires additional
investment in facilities and equipment,
this overlap apparently is kept at a mini-
mum with most producers. Sheep and
cattle labor requirements additionally
were considered to be complementary.

While minimal economic analysis has
been conducted to determine the eco-
nomic advantages of integrating a sheep
and cattle enterprise, respondents per-
ceived an economic advantage from di-
versification. Most producers felt cattle
and sheep outputs and prices ran counter
enough to diversify income and even out
cash flows,
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Despite the complementarity found be-
tween cattle and sheep enterprises, a con-
tinued reduction in sheep numbers is ex-
pected as nearly 40% of respondents
stated there was a high probability (75%
to 100%) they would not be in the sheep
business 10 years from now. A better
industry outlook, more available markets,
fewer predator problems and less labor
concerns were the major reasons produc-
ers picture a brighter future for the cattle
industry.
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Prickle Factor in Fleeces of Performance-tested

Fine-wool Rams!2

C.J. Lupton®*, D.F. Waldron®, and F.A. Pfeiffer®

Summary

Prickle factor (PF, % of fibers > than 30
im) is an indicator of the relative comfort
of wool fabrics worn next to the skin. Fi-
ber diameter distributions were measured
{with an Optical Fibre Diameter Analyser)
in three consecutive years on core
samples of unskirted fleeces from 524
fine-wool rams completing a central per-
formance test. These measurements were
used to establish PF, average fiber diam-
eter (AFD), SD, and CV in fleeces pro-
duced under the unfavorable (from a wool
fineness and uniformity perspective) test
conditions and to determine relationships
ameng PF and fiber fineness and vari-
ability. As part of the normal performance
test routine, AFD, SD, and CV were mea-
sured on side and britch samples for each
fleece. The AFD of side samples was
used in the index of overall merit and AFD
of side and britch samples constituted an
independent rejection criteria for ram cer-
tification. Core sample PF, AFD, SD, and
CV averaged 5.5%, 22.3 um, 4.4 um, and
20.0% and ranged from 0.4 tc 25.3%, 17.3
1026.8 um, 3.1t06.4 um,and 152 t028.6%,
respectively. The PF, SD, and CV did not
differ among years (P > 0.05), It has been
sugpested that only wools having low
PF (<2%) be used in apparel worn next to
the skin. Only eighteen percent of the
fleeces were in this category. Stepwise
multiple regression analysis was used to
predict PF using all measured variables

plus AFD squared (AFD? and differ-
ences between side and britch AFD re-
sulted in core AFD?, core AFD, britch
SD, core SD, side CV, and core CV enter-
ing the equation. No other variabie met
the 0.01 significance evel for entry into
the model. Partial r* values for the first
three variables were 0.82, (.10, and 0.03,
respectively. This result was essentially
unchanged when fleeces (349) having
core, side, and britch AFD > 23.6, 24.9,
and 27.8 pm, respectively (i.e., from
coarse, uncertifiable rams) were excluded
from the analysis. Most of the variabil-
ity in PF can be accounted for by core
dataalone, i.e., PF = 199.57 + (.46¥*AFD?
- 19.33*AFD + 6.01*SD - L.OI*CV, P =
0.94.

Key Words: Prickle factor, Wool, Ram
performance testing

Introduction

In a survey conducted in the U.S. sev-
eral years ago (Margerum, 1984), 30% of
consumers polled claimed to be allergic
to wool while 70% considered wool to be
too “scratchy” for apparel intended to
be worn next to the skin. These types of
perceptions caused wool researchers in
Australia to focus on the causes of fab-
ric prickle and attempt to quantify the
effects and relative importance of fiber,
yarn, and fabric properties on skin com-
fort. Because lightweight apparel is a

potentially substantial and Jucrative mar-
ket for wool, numerous studies were ini-
tiated over the past 15 yr to try and un-
derstand this problem. Gamsworthy et
al. (1985; 1988a and b) concluded that
the prickle sensation (also referred to as
“itchy” and “scratchy™) experienced by
some people when wearing some fabrics
next to the skin is caused by a mechani-
cal triggering of pain nerve sensors which
are situated close to the surface of the
skin. The nerves are triggered when stiff
fiber ends exert a force > G.G00171bf (75
mgf) on soft skin. When the mechanical
stimuli (stff fiber ends) are removed or
reduced, the prickie problem disappears.
Meticulous studies have shown that skin
temperature and moisture, length of fiber
protruding above the fabric surface, and
fiber diameter (but not fiber type; Naylor,
1992 a and b) are key factors in causing
prickle sensations (Mayfieid, 1987;

1 This article reports research con-
ducted by the Texas Agricultural
Experiment Station, The Texas
A&M University System.

2 Financial support from the Coop-
erative State Research, Education,
and Extension Service, U.S. Deparnt-
ment of Agriculture under agree-
ment number 99-34148-7417 is
gratefully acknowledged.

3 Texas Agricuitural Experiment Sta-
tion, 7887 U.S. Highway 87 North,
San Angelo, TX 76901-9714,

4 To whom comrespondence should
be addressed.
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Kenins, 1992). Although the critical fiber
diameter (26 to 32 um) associated with
skin discomfort is dependant to some
degree on fabric type (worsted, woolen,
woven, or knitted, etc.), percentage of fi-
bers > 30um, but not the distribution of
these coarse fibers, is a reasonable indi-
cator of the relative skin comfort of dif-
ferent wools (Naylor and Hansford, 1999).

Reducing the percentage of wool fibers
> 30 um (the coarse edge) in the diameter
distribution will improve skin comfort or
reduce discomfort. In principle, this can
be achieved by reducing the average fi-
ber diameter or by decreasing the distri-
bution (coefficient of variation of fiber
diameter) both options being possible in
sheep selection programs. In some ar-

eas, time of shearing might also be ad-
justed to achieve a reduction in coarse
fiber ends (Naylor and Hansford, 1999).
Theoreticatly, zero fibers > 30 pm would
be required for “absolute™ skin comfort
in fabrics worn next to the skin. In prac-
tice, < 5% of fibers > 30 pum in single
jersey knitted fabrics has been found to
reduce prickie intensity fo a leve] that will
not be perceived as skin discomfort by
most (80 - 90%) people under normat con-
ditions (Garnsworthy et al., 1988a; Naylor,
1992b). Some experienced fabric judges
can consistently distinguish between
fabrics comntaining 1 and 2% fibers >
30 um (Naylor, 2000}). Consequently, a
lower level (2%) has also been suggested
for ram selection (Lupton et al., 1999).

Because prickle factor has become so

" important to manufacturers of wool

apparel, it is now reported in the annual
central ram performance test (Waldron
and Lupton, 2000). We began to study
and measure prickle factor in ram fleeces
in 1994 with the following objectives: 1)
to determine PF in rams completing the
test; 2) to establish mathematical relation-
ships among PF and other fiber traits cur-
rently being measured; and 3) to deter-
mine if PF should be added to the index
equation currently used to asses the
overall merit of these fine-wool rams.

Materials and Methods

Side (S) and britch (B) samples shorn di-
rectly from the animals and 32 x Y-in core

Table 1. Means, variabilities, and ranges of measured traits (N=524) for all data.

Trait MEAN 3D MIN MAX
Average fiber diameter, side, pm 23.6 19 178 29.6
SD of fiber diameter, side, pm 4.0 0.6 2.8 6.7
CV of fiber diameter, side, % i7.1 20 13.1 240
Average fiber diameter, britch, pm 26.6 24 194 36.3
SD of fiber diameter, britch, um 5.0 1.1 3.1 99
CV of fiber diameter, britch, %6 8.8 321 29 330
Average fiber diameter, core, pm? 23 1.5 17.3 268
SD of fiber diameter, core, pm 4.4 05 3.1 6.4
CV of fiber diameter, core, % 200 20 152 280
Prickle factor, % 5.5 43 04 253

2 Core sample of unskirted whole fleece

Table 2. Variation among years for several measures of fiber fineness and variability and prickle

factor.

Trait 1994 1995 1996
Average fiber diameter, side, pm 23.7° 23.3" 23.92
SD of fiber diameter, side, pn 43¢ 3.8 4.0°
CV of fiber diameter, side, % 18.3* 16.2° 16.6"
Average fiber diameter, britch, pm 27.0° 26.2° 26.6%
SD of fiber diameter, britch, um 5.7 4.50 4.7
CV of fiber diameter, britch, % 20.9 17.3% 17.8¢
Average fiber diameter, core, pm 22.1° 22.4* 22.58
SD of fiber diameter, core, um 44 4.5 4.4
CV offiber diameter, core, % 20.0 20.0 19.8
Prickle factor, % 53 5.5 5.7
Britch - Side average fiber diameter, pn 3.3° 3.0 2.6

abe Within a row, means without a common superscript differ (P <0.05).
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samples (C) removed from the whole,
unskirted fleeces of 524 rams completing
the 1994(201), 1995 (169), and 1996 (154)
Texas Agricultural Experiment Station
central performance tests were measured
for average fiber diameter (AFD, pm),
standard deviation of fiber diameter (SD,
pm), coefficient of variation of fiber di-
ameter (CV, %) and PF (core samples only;
%) using an Optical Fibre Diameter
Analyser (OFDA; Baxteretal , 1992), The
GLM procedure of SAS (SAS, 1996) was
used to identify differences in traits
among years. Simple linear regression and
stepwise multiple regression analyses
were used to establish relationships
among PF and the measured variables
phus the square of AFD (AFD?) and dif-
ferences between britch AFD and side
AFD.

Results and Discussion

Core sample prickle factor (PF), average
fiber diameter (CAFD), standard devia-
tion of fiber diameter (CSD), and coeffi-
cient of variation of fiber diameter (CCV)
averaged 5.5%, 22.3 um, 4.4 im, and 20.0
% and ranged from .4 t0 253 %, 17 .3 to
26.8 um, 3.1to6.4 pm, and 15.2t028.6 %,
respectively (Table 1). The PF, CSD, and
CCYV did not differ among years (P > 0.05),
though all other traits did (Table 2}, Fifty
eight percent of ail fleeces tested con-
tained PF < 5%. Eighteen percent of the
fleeces were in the (highty desirable) low
(<2%) PF category. These relatively small
proportions can be partially aitributed to
the fleeces not being skirted and to the
composition and quantity of the ram’s

test feed not being conducive to fine fi-

ber production. Though this ram test was
designed 10 measure the maximum ge-

netic potentials of the rams (in terms of
weight gain, wool production, fiber fine-
ness, staple length, etc.), it is important
to remember that yearling female off:
spring of these rams are typically 4 um
finer under range conditions (Waldron et
al., 1998). As expected by virtue of its
definition, prickle factor is significantly
correlated with all 3 measures of AFD
(core > side > britch) and with both mea-
sures of variability (SD > CV, Table 3).
Stepwise multiple regression analysis for
PF versus all measured variables plus
CAFD squared (CAFD?) and differences
between side and britch AFD resulted in
CAFI¥, CAFD, BSD, CSD, SCV, and CCV
entering the equation (Table 4). No other
variable met the 0.01 significance level
for entry into the model. Partial r? values
for the first three variables were (.82, 0.10,
and 0.03, respectively. Figure | showsthe
relationship between PF and CAFD2

Table 3. Correlation coefficients and probabitity values for prickle factor versus other traits.

Trait r P

Average fiber diameter, side, um 0.80 - 0.0001
SD of fiber diameter, side, um 056 0.0001
CV of fiber diameter, side, % 0.10 00183
Average fiber diameter, britch, pm 0.78 0.0001
SD of fiber diameter, britch, um 0.55 0.000]
CV of fiber diameter, britch, % 025 00001
Average fiber diameter, core, um 0.89 0.0001
5D of fiber diameter, core, pm 067 0.0001
CV of fiber diameter, core, % -0.19 0.0001
Britch - side average fiber diameter, pm 025 0.0001

Table 4. Stepwise multiple regression analysis for prickle factor {(all variables in model).

Trait Partial r? r

Average fiber diameter, core, um? 0.8184 0.0001
Average fiber diameter, core, um 0.1021 0.0001
SD of fiber diameter, britch, um 0.0249 0.0001
SD of fiber diameter, core, pm 0.0121 0.0001
CV of fiber diameter, side, % 0.0023 0.0001
CV of fiber diameter, core, % - 0.0007 0.0023
TOTAL 0.9605 o

Note: no other variable met the 0.01 significance level for entry into the model.
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This result was essentially unchanged Conclusions

when fleeces (349) having core, side, and
britch AFD > 23.6,24.9, and 27.8 um, re-
spectively (i.e., from coarse, uncertifiable
Rambouillet rams) were excluded from the
analysis. Most of the variability in PF can
be accounted for by core data alone
(Table 5).

i.e, PF=199.57+046%AF[P- {9.33*AFD
+6.01*SD- 1.01*CV, r*=0.94

About 92 % of the variability in PF
can be accounted for by CAFD and
CCV.

Because CAFD and CCYV are cui-
rently used in the index equation
for overall merit and since adding
another trait would dilute the con-
tributions of the existing traits, we
concluded that PF should not be

Table 5. Stepwise multiple regression analysis for prickie factor (core traits only in model).
Trait PARTIAL r? MODEL r? P
(individual contributions) (additive contribution)

Average fiber diameter, core, im? 08184 08184 0.06001
Average fiber diameter, core, im 0.1021 0.5205 0.0001

SD of fiber diameter, core, im 0.0233 0.9438 0.6001

CV of fiber diameter, core, % 0.0012 0.9445 0.0009

included into the index equation.

Figure 1. Prickle factor {PF, %) versus the squared average fiber . .
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U.S. Lamb Demand

Ted C. Schroeder, Rod J. Jerrick, Rodney Jones, and Clifford Spaeth*

Summary

Understanding major determinants of,
and trends in consumer demand for Jamb
is critical for the industry to develop ap-
propriate production and marketing strat-
egies. Little research has empirically de-
termined aggregate tamb demand. This
study estimates a quarterly lamb demand
model! to assess major determinants over
time. Per capita lamb consumption ap-
pears to be more responsive to lamb price
than previous studies have concluded.
When retail lamb price increases, compa-
rable percentage declines in per capita
consumption are likely. Beef is a signifi-
cant substitute for lamb suggesting con-
tinued efforts to make lamb price com-
petitive with other meats is important.
Lamb demand tends to decline when con-
sumer incomes and associated lifestyles
change. This suggests that, in order to
increase lamb demand, lamb products that
are compatible with high-income con-
sumer lifestyles are essential.

Key Words: Lamb demand, Demand in-
dex, U.S. lamb demand

Introduction

A major challenge facing the .S, sheep
industry is consumer demand for lamb.
Purcell (1989) concluded that during the
1970-80 period, after accounting for
changes in lamb and beef prices, per
capita consumption of lamb declined sig-

nificantly. Per capita consumption of
lamb over time is illustrated in Figure 1.
Lamb consumption has declined from
about 3 1b. per person per year in the early
19705 to just over ! lb. per person in the
late 1990s. Although consumption
changes do not necessarily demonstrate
demand changes, the graph nonetheless
illustrates the dramatic reduction in lamb
consumption over time. Recently, U.S.
policy makers have enacted programs to
try to reverse the trend of declining famb
demand, including earmarking $5 million
annually to develop and promote lamb
products to increase demand. This is part
of an overall $100 miltion multi-year ef-
fort to revitalize the domestic lamb indus-
try (American Sheep Industry Associa-
tion). Whether this investment will be
successful remains to be seen, bui this
clearly demonstrates the importance
placed on increasing lamb demand by
policy makers.

To efficiently allocate limited resources
to programs intended to stimulate lamb
product demand, an understanding of
lamb demand over time is required. In
particular, a better understanding is
needed regarding demand determinants
for lamb. The lamb industry has at least
some cortrol over several of the factors
presumed to influence demand such as
relative price of lamb and product offer-
ing. However, industry participants have
less control over other factors such as

consumer income or lifestyle changes.
The most efficient management strategy
for the industry is to understand the ma-
jor determinants of lamb demand over
time to develop strategic ptans to address
issues that they can influence.

The purpose of this study is to estimate
major determinanis of demand for lamb.
In particular, factors including retail lamb,
beef, pork, and broiler prices, consumer
income, and changing consumer
lifestyles will be examined for their im-
pact on long-run lamb demand. In addi-
tion, a history of the demand for lamb
over the last 20 years is examined and
strategies for the industry to influence
demand are identified.

Previous Research

There is a noticeable lack of research re-
garding lamb demand. Purcell (1998a)
defined the term “demand” and sug-
gested that it is a complex interaction of
quantity and price that is often misun-

* The authors are professor, former
graduate research assistant, and
associate professor, Agricultural
Economics and professor, Animal
Sciences and Industry, Kansas State
University. Contact author: T.C.
Schroeder; Dept. of Agricuitural
Economics; Waters  Hali;
Kansas State University:
Manhattan, KS 66506. E-mail:
tschroed{giagecon.ksu.edu.
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derstood. He clearly demonstrates the
fallacies of drawing inferences regarding
demand changes from just observing
prices or per capita consumption alone.

Only two relatively recent studies have
empiricaily estimated demand for lamb
overtime. Purceii (1989) estimated quar-
terly demand using various models over
the 1970-1987 period. He found that few
of the typical economic factors consid-
ered relevant in demand models were im-
portant lamb demand determinants, Tn
particular, lamb price was only a margin-
ally significant lamb consumption deter-
minant (and, its significance was sensi-
tive to model specification} and no effec-
tive substitutes existed. Lamb consump-
tion declined as consumer income in-
creased.

Byrne, Capps, and Williams (1993) esti-
mated a quarterly lamb demand model
over the 1978-1990 period.'! They con-
cluded that per capita lamb consumption
was significantly related to lamb price
with a short run elasticity of —0.63 and a
long-run elasticity of ~0.79. Pork price
was marginally significant suggesting it
was a weak substitute for lamb.

These time series demand estimates were
important because they suggested that
few of the typical demand determinants
(i.e., prices of substitutes, consumer in-
comes, etc.) were important in Jamb, How-

ever, more information is needed regard-
ing lamb demand. First, both of these
studies relied on data that are now at least
10 years old. Given the rapid changes in
the U.S. economy and consumer
lifestyles, an updated demand analysis
is past due. Second, consistent retail lamb
price series were problematic in both stud-
ies, making results conditional on ques-
tionable price data that were available at
the time. Additional analysis with a more
consistent retail lamb price series is
needed. Third, resuits of the two studies
are not entirely consistent (e.g., Purcell
found tamb demand declined as income
increased it had no substitutes, whereas,
Byme, Capps, and Williams found income
to have no impact and pork to be a weak
substitute) warranting further analysis.
Using more detailed weekly retail scan-
ner data over a shorter time period (Janu-
ary 1987 - November 1988), the TAMRC
lamb study team (1991} concluded that
aggregate retail lamb prices were impaor-
tant Jamb consumption determinants.
More importantly, they concluded that
individual lamb cuts had efastic demands,
suggesting consumers readily switch
between cuts of lamb based upon reia-
tive prices.

Methods

Demand for lamb products can be mod-
eled in a quantity-dependent framework
as: LQ=p,+p,LP+B.BP+p,PP+p.CP+

BJINC+ B W +e, (1) where, LQ is per
capita famb consumption, LP is retail lamb
price, BP is retail beef price, PP is retail
pork price, CP is retail chicken price, INC
is per capita disposable income, and W
is the percentage of women employed in
the labor force. The B ’s are parameters
to be estimated and ¢, is an error term.

The model includes standard demand
components of lamb price, prices of sub-
stitute meats (beef, pork, and chicken),
and per capita income. Lamb price is ex-
pected to have a negative impact on per
capita consumption, prices of competing
meats are expected to be positively asso-
ciated with lamb consumption, and in-
come may be positive or negative de-
pending upon how income affects famb
consumption. The percentage of women
employed in the workforce is included in
the model to capture changing demo-
graphics over time. This variabie at-
tempts to capture the impact of food eaten
away from home, demand for product
preparation convenience, and other re-
lated tifestyle changes (e.g., McGuirk et
al. 1995 and Schroeder, Marsh, and
Mintert 2000).

Data

The United States Department of Agri-
culture (USDA) stopped collecting retail
lamb prices in 1981. Wholesale lamb price
data are available, but these data are not
appropriate for retail demand estimation
because wholesale prices are not what
consumers pay for retail product, and
changes, over time, in the wholesale-to-
retai} price margin make the wholesale
series a poor proxy for retail prices. Byme,
Capps, and Williams (1993) used whole-
sale prices, time trend variables, and sea-
sonal dummy variables to generate prox-
ies for retail lamb prices. How well this
proxy mirrored actual retail prices is un-
known but guestionable. In this study,
retail lamb price data were coltected from
the Bureau of Labor Statistics (BLS).? The
BLS series was only available from 1978
forward. Therefore, the meat demand
model (equation 1) was estimated using
1 This study was a formalization of

earlier work by the TAMRC lamb
study team (1991).
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Table 1. Summary Statistics of Data Used in Lamb Demand Estimation, Quarterly 1978-1999,

Standard

Average! Deviation Minimum Maxirnum
Lamb Consumption (1b./capita) 0.34 .05 0.20 0.40
f.amb Price (cents/1b.) 48188 56.17 434 47 668.00
Beef Price {cents/lb.) 362.87 60.84 281.35 53961
Pork Price (cents/Ib.) 264.93 36.27 208.17 376.42
Chicken Price (cents/lb.) 119.81 19.02 98.87 177.76
Disposable Income ($/capita) 20,264.13 2,003.72 16,737.05 24,550.01
Women in Work Force (%) 52.25 3.56 45.30 57.70

" Prices and Income are in cents per retail pound in constant 1999 dollars, deflated using the Consumer
Price Index. Lamb Consumption is retail weight equivalent.

quarterly data from 1978 through 1999.

Retail prices of beef, pork, and chicken
and per capita lamb consumption were
obtained from USDA. Personal dispos-
abie income per capita was collected from
the U.8. Department of Commerce and
the percentage of women employed in
the labor force was obtained from the
Bureau of Labor Statistics. All prices and
income were deflated to constant 1999
dolars using the consumer price index
{Bureau of Labor Statistics). Summary
statistics of the data are reported in Table
1. :

Results and Discussion

Demand Model Estimates

The demand equation specified in equa-
tion (1) was estimated with ordinary least
squares regression using quarterly data
over the 1978 to 1999 period. Quarterly
dummy variabies were added to the model
to account for seasonal differences in
demand. The mode! was initially esti-
mated including both the disposable in-
come (INC) and the women in the work
torce (W) variables in the model. Nei-
ther of the coefficients was statistically
different from zero and because both vari-
ables exhibit similar upward trends over
the time period, multicollinearity prob-
lems were suspected. Therefore, the
model was estimated two more times
dropping one of the variables each time
and retaining the other. Comparisons of
the estimates indicated that the model
including income (and excluding W) bet-

ter explains lamb consumption than the
model including women in the labor force,
therefore, W was dropped from the final
model. Therefore, degrading
multicoliinearity was apparent between
women participation in the workforce and
disposable income during this time pe-
riod.

Two partial adjustment models were also
estimated; one using one-quarter lagged
lamb consumption and another using a
one-year (same quarter a year earlier) lag
on the dependent variable. These mod-
els were estimated to determine whether
habit-persistence found by Byme, Capps,
and Williams (1993) was present. The
lagged dependent variables were not sta-
tistically different from zero suggesting
habit-persistence was inconsequential
during this time period.’

Demand mode! parameter estimates are
presented in Table 2, The model explains
57 percent of the variability in lamb con-
sumption. The Durbin-Watson statistic
indicates that autocorrelation, often
present in time series regression analy-
sis, is not a problem in the model, sug-
gesting a well-specified model. Several
important findings are revealed. First,
lamb price is an important determinant of
lamb consumption. The own-price elfas-
ticity estimate indicates that a one per-
cent increase in famb price reduces per
capita consumption by }.09 percent. This
elastic demand response differs from
those estimated by other studies. Bymne,

Capps, and Williams (1993) found a short-
run elasticity of —0.62 and a long run elas-
ticity of -0.79. Purcell (1989) estimated
the elasticity to be —0.51.

Several factors likely make the elasticity
measures estimated here different from
those of earlier studies. First, our study
is the only one to use recent Jamb retail
price data (Purcell’s data only went
through 1980 with a consistent price se-
ries and through 1987 with a modified
series using wholesale prices and Byrne,
Capps, and Williams used a modified se-
ries based on wholesale prices through
1990). If our elasticity estimate reflects
more recent behavior, lamb consumers are
becoming more sensitive to price than
has been suggested by previous re-
search. Thus, lamb producers will ben-
efit from increased production efficiency
both from the standpoint of being more
price competitive in world markets as well
as helping to keep retail Jamb prices lower
relative to competing meat prices, Alter-

2 The BLS reports a monthly retail
lamb price index {and they also
reported a U.S. city retail lamb
price average from January 1991 to
August 1991 and August 1993 to
December 1993). The index was
converted to a retail price by using
the January 1991 retail lamb price.
The monthly data were averaged to
obtain quarterly average lamb
prices.

3 Parameter estimates of these model
variations are not reported here but
are availabie from the authors upon
request.
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Table 2. Parameter Estimates of Quarterly Lamb Demand Modei, 1978-1999.
Parameter Standard

Variable Estimate Error t-statistic Elasticity’

Intercept 0.679° 0.132 . 5.6 -

Lamb Price -0.00076" 0.0013 -5.81 ~-1.09

Beef Price 0.000523" 0.000202 259 0.57

Pork Price 0.000215 0.000189 : 1.13 0.17

Chicken Price -0.000135 0.000464 -0.29 -0.05

Income -0.000009" 0.000004 -2.06 -0.54

Q2DUM -0.0368° 0.0101 -3.66 -

Q3DUM -0.0439" 0.0100 -4.37 -

Q4DUM -0.0238° 0.0100 -2.37 -

R-squared 0.57

Durbin-Watson £.95

QObservations 88

! Elasticities are calculated at the averages of the variables over the time period.

" indicates that the parameter is statistically different from zero at the 0.05 level.

natively, if U.S. producers do not improve
production efficiency, and import restric-
tions continue to curtail cheap imports
(supporting higher domestic than world
prices), per capita consumption is likely
to continue to decline.

The only statistically significant substi-
tute for lamb is beef (Table 2). A one
percent increase in the price of beef in-
creases per capita lamb consumption 0.57
percent. This suggests that recent high
retail beef prices likely have helped
strengthen lamb demand relative to what
it would have otherwise been. In addi-
tion, this indicates lamb price refative to
beef price is an important demand deter-
minant. Lamb price must be competitive
with beef prices if cost is to be used to
enhance iamb demand.

Pork price is marginally statistically dif-
ferent (p<0.26) from zero with an efastic-
ity of 0.17 (similar to Byrne, Capps, and
Williams (1993) estimate 0f0.13). Purceli
(1989) found no substitutes and Byrne,
Capps, and Williams (1993) found only
pork to be a weak substitute, Using our
more recent data time period, pork re-
mains a weak substitute and chicken is
not a substitute for lamb.

Lamb is what economists refer to as an
“inferior meat product”. This refers to

lamb demand declining when consumer
income increases. The income elasticity
indicates a one percent increase in per
capita disposable income, reduces lamb
consuinption by 0.54 percent, with all else
constant. Purcell (1989) similarly found
lamb demand to be inversely related to
income in one of his models whereas,
Byme, Capps, and Williams (1993) found
income not to be statistically different
from zero. if our estimate and that of
Purcell are correct, this does not bode
well for lamb demand as real U.S. con-
sumer incomes have grown consistently
for many years, Schroeder, Barkley, and
Schroeder (1995) found that in low-in-
come countries, famb consumption re-
sponds strongly in a positive direction
to consumer income growth. However,
they also determined that as income
growth continued over time, or when
compared to countries with higher income
levels, lamb demand declined at fower
income levels than did demand for pork,
beef, and poultry (i.e., additional in-
creases in income led to substitution away
from lamb consumption to other meats).
This is consistent with our resuits indi-
cating lamb demand tends to decline as
U.S. consumer income increases.

These resuits suggest aggregate lamb
demand is likely to decline during peri-

ods of economic strength like those ex-
perienced of late in the U.S. One impor-
tant point regarding the income elastic-
ity is worthy of further consideration.
Income was positively correlated with the
percentage of women in the workforce
variable, and likely with other consumer
tifestyle changes over time. Therefore,
the negative income elasticity estimate
could reflect the effect of changes in in-
come, as well as changes in other demo-
graphic factors, over time. Thus, the
magnitude of the income elasticity could
be over-stated. But, if similar trends con-
tinue among these factors, which is likely
because they are all related, the overall
impact of income growth on famb demand
is likely to be consistent with our esti-
mate,

Statisticaily significant seasonal dummy
variable estimates indicate lamb demand
varies seasonally. Strongest demand is
in the first quarter of the year during holi-
day seasons traditionally favoring lamb
consumption (e.g., Easter). Weakest de-
mand is during the third quarter of the
year when beef demand is typicaily strong
{Schroeder, Marsh, and Mintert, 2000),

Lamb Demand Index
The demand model estimates are impor-
tant for assessing factors that have
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caused aggregate-lamb demand to
change. To examine how lamb demand
has changed over the past twenty years,
a lamb demand index was constructed.
The index summarizes the complex inter-
action of price and quantity discussed
by Purcell (1998a) into a single number
for each year. The index was calculated
by assuming a constant own-price de-
mand elasticity of ~1.09 and calculating
the annual percentage vertical shift in
demand that occurred.*

An index value of 100 is the level of lamb
demand in the base year 1980 (Figure 2).
An index value greater than 100 indicates
lamb demand increased relative to 1980
and an index value less than 100 indi-
cates lamb demand was lower that year
relative to {980. For example, the 1990
index is 84 indicating that in1990, lamb
demand was only 84% of its 1980 level.
What is most revealing about the index
is that 1999 had the lowest demand level
of the past 20 years at 71% of 1980. In
other words, the lamb industry experi-
enced a 29% decline in demand over the
past 20 years. Interestingly, a similar de-
mand index calculated for beef indicates
that beef demand declined more consis-
tently and severely over the 1980-1998
period than lamb, dropping from 100 to
52. However, the beef demand index re-
bounded for the first time in 1999 to a
value of 54 (Schroeder, Marsh, and
Mintert, 2000) and was higher again in
2000. Thus, the beefindustry appears to
be developing an effective multi-faceted
strategy to reverse its long run demand
decline.

Conclusions

Historically, lamb has represented a mi-
nor component of U.S. meat consump-
tion. In recent years, lamb demand de-
clined such that by 1999, amb demand
was only 71% of what it had been in 1980.
Poor demand, together with stiff compe-
tition from foreign supplies are signifi-
cant challenges facing the domestic lamb
industry (Purcell 1998b). Results of this
study reveal several strategies for the
famb industry:

*The quantity of lamb consumed is

Figure 2. Lamb Demand Index; 1980-99 (1980=100)
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sensitive to famb price. Reductions
in lamb price will result in compa-
rable percentage increases in per
capita consumption. This together
with world market pressure, suggests
that production cost reduction is
critical for survival of the domestic
lamb industry.

*Beef is a substitute for lamb. If do-
mestic lamb producers do not im-
prove production efficiency at least
at the rate achieved by the beef in-
dustry, relatively cheaper beef will
replace expensive lamb in consumer
diets,

*Demand for traditional Jamb as an
aggregate commodity declines as
consumer income rises. The indus-
try must recognize that as consumer
income has increased, traditional ag-
gregate Jamb demand has declined.
The tamb industry cannot change
consumer income, However, this re-
sult indicates that Jamb products
must be adapted to fit modern high-
income consumer lifestyles. Devel-
opment of lamb products that are
convenient to prepare, offer a high-
quality eating experience, and that
are well suited for food-away-from
home consumption (with products
targeted for lower-priced as well as
higher-priced restaurant markets), is
essential for halting dectining lamb
demand,
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Comparison of Three Measuring Techniques
for Staple Length and Strength in U.S. Wools'?

Summary

Twenty-nine consignments of greasy
woo! in Texas warehouses were used to
compare three measuring techniques for
staple iength (SL) and strength (88) and
to assist the U.S. wool industry in decid-
ing which techniques to adopt for com-
mercial testing. Samples (~10 Ib/lot) were
obtained using a bale grab sampler and
were subsampled at the Texas Agricul-
tural Experiment Station (TAES) Wool
and Mohair Research Laboratory
(WMRL) to provide three sets of compa-
rable subsamples. One complete set of
subsamples (29 subsamples x 65 staples/
subsample = 1,885 staples) was sent to
the Australian Wool Testing Authority
{AWTA) for measurement using the Au-
tomatic Tester for Length and Strength
(ATLAS) while another set was sent to
SGS Wool Testing Services (SGS) in New
Zealand for testing with the Agritest
Staple Breaker Model 2. A third set was
measured at WMRL using the American
Society for Testing and Materials
{ASTM) manual method for SL and an
Agritest Staple Breaker (manual mode)
for 8S. Each testing lab used the same
wool base and vegetable matter base val-
ues to convert “greasy” to “clean” S§S.
Paired t tests and linear regression analy-
ses were conducted to test for differences
and calculate y* values between test meth-
ods. Warehouse personnel provided vi-
sual estimates of SL. Mean values of SL

F.A. Pfeiffer’ and C.J. Lupton®*

determined by AWTA and the visual as-

sessments were not different (3.20 and
3.21 in, respectively, P> 0.05; r* = (.63).
Measurements of SL. made by SGS and
WMRL were not different (3.07 and 3.12
in, respectively, P > 0.05; 2 =.74) but
were shorter (P < 0.05) than the AWTA
and visual results. Mean values of vari-
abitity in staple length (CV) were not dif-
ferent (P> 0.05) among the three measur-
ing techniques. The AWTA and SGS
means of SS were not different (32.1 and
31.8 N/ktex [atextile measure of strength,
newtons per kilotex, literally kilogram-
force per unit of staple thickness ex-
pressed in ktex, kg per km], respectivetly,
P > 0.05; r*= 0.41), The WMRL mean
value, 41.7 N/ktex, for 8S was greater (P <
0.05) than the other two labs, which
strongly suggests that either the manual
instrument and/or the WMRL technique
produced excessively high values. Fur-
ther testing incorporating a broader
cross-section of U.S. wools is required
before an authoritative recommendation
can be made to the U.S. wool trade.

Key Words: Staple length, Staple
strength, Wool

Introduction

The U.S. wool industry has expressed an
interest in having some of its staple wools
objectively measured for staple length
(SL.) and stapte strength (S8) before the

time of sale of greasy wool to further de-
scribe the wool being sold and to achieve
maximurn price discovery. According to
Adams (}997), SS is second only to fiber
diameter in determining the value (ex-
pressed on a clean basis) of raw wool
because it is an important contributor to

- Hauteur, i.e., average fiber length in the

wool top after early stage processing. Qi
et al. (1994), reported that SL is the third
most important characteristic of wool af-
ter scoured yield and fiber diameter. Aus-
tralian methodology and machinery are
currently available for obtaining staple
samples for measuring SL and SS but as
yet are not easily adapted for most U.S.
wool packages (i.e., 0 and 8 ft wool bags).
The ATLAS instrument used in Austra-
lia for mezasuring SL and SS is very ex-
pensive and, even if it were available, may

i This article reports research
conducted by the Texas
Agricultural Experiment Station,
The Texas A&M University
System.

2 Financial support from the
Cooperative State Research,
Education, and Extension Service,
'U.S. Department of Agriculture
under agreement number 59-34148-
7417 is gratefuily acknowledged.

3 Texas Agricuitural Experiment
Station, 7887 U.S. Highway 87
North, San Angelo, TX 76901-
9714,

1 To whom correspondence shouid
be addressed.
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not be cost-effective in the U.S. commer-
cial testing laboratory. Fortunately, less
expensive instrumentation is available
from Agritest for measuring SL, SS, and
position of break but it requires further
evaluation to establish its equivalency
with both the now accepted ATLAS tech-
nique and the established ASTM and
manual Agritest methods.

Materials and Methods

Twenty-nine commercial lois of sound,
staple length wool were identified in mem-
ber warehouses of the Producers Mar-
keting Coop, Inc. (San Angelo, Texas).
An Australian bale grab samaler was
used to obtain approximately 10 }b of
sample from each lot. Each grab sample
was inspected by the warehouse man-
ager and the cooperative manager and a
consensus visual staple length was es-
tablished for each lot. Subsequently, the
samples were transported to the Texas
Agricultural Experiment Station’s Wool
and Mobair Research Lab (WMRL) and
subsampled to provide three sets of com-
parable subsamples for each of the 29
tots. One set of subsamples consisted of
65 individual staples each being suitable
for measurement of SL and SS. This num-
ber (65) of staples representing a single
lot has been established as the minimum
necessary to produce the desired degree
of accuracy when measuring 88 and SL.

One complete set of subsamples (29
subsamples x 65 staples/subsampie =
1,885 staples) was sent to the Australian
Wool Testing Authority (AWTA) in
Guildford, New South Wales for measure-
ment using the Automatic Tester for
Length and Strength (ATLAS) instru-
ment, Another set was sentto SGS Wooi
Testing Services (SGS) in Wellington,
New Zealand for testing with the Agritest
Staple Breaker Model 2, A third set was
measured at the WMRL. using a manual
method (ASTM, 1999b) to measure SL
and an Agritest Staple Breaker (manual
model) for measuring $8. Wool and veg-
etable matter bases were determined for
each lot (ASTM, 1999a) by Yocom-
McColil Testing Labs, Inc. in Denver.
Each testing lab used the same woot base

and vegetable matter base values 10 con-
vert “greasy” to “clean” SS. Paired t tests
and linear regression analyses were used
to test for differences and calcuiate r2
values between test methods (SA S, 1996).

Results and Discussion

The results of testing at the three loca-
tions using the different methods are sum-
marized in Table 1. We have assumed
that 65 staples/lot were measured by
AWTA, as they were by TAES techni-
cians. The SGS lab measured 57-59
staples per lot. Table 2 indicates that over-
all mean values of staple length deter-
mined by AWTA and visual assessments
made by warehouse personnel were not
different (P > 0.05). Similarly, measure-
ments of staple length made by SGS and
TAES were not different (P > 0.05) but
were slightly smaller (-~ 0.1 in) than the
AWTA and visual results. Mean values
of variability in staple length as measured
by coefficients of variation were not dif-
ferent among locations. Overall means
of S8 were not different between AWTA
and SGS. The TAES values for SS were
considerably higher than the other two
labs strongly suggesting that the instru-
ment and/or our technique is producing
excessively high values,

Conducting t tests using mean values of
each of the 29 lots is only one method of
comparing results from the three instru-
ments. Regression anatyses were also
conducted and our results are summa-
rized in Table 3. Somewhat surprisingly
considering the general acceptance of
these test procedures by the testing com-
munity and elsewhere in the past few yr,
SL and S8S values obtained using the
three different sets of methods were not
highly correlated. The r? values between
labs for SL range from 0.74 t0 0.81 (P =
0.0001) for the three objectively measured
sets of data. Values for visually appraised
vs objectively measured SL are lower
(0.48t00.63, P =0.0001). Coefficients of
determination for the SS data are even
lower (0.41t0 0.61, P =0.0001 to 0.0002)
while those for CV of SL are still smaller
{0.1}1100.39, P =0.0003 to 0.0849). These
1* values would probably have been

higher if unsound, very strong, very
short, and very long wools had been in-
cluded in the study. We chose to use
typical, sound, staple-length West Texas
wools only. In fact, the AWTA and SGS
strength data are remarkably similar for
21 ofthe 29 lots measured (0 or | N/ktex
difference between labs). The differences
for the other eight lots range from 2-5 N/
ktex with no apparent bias.

The relative costs of conducting these
tests and the time required to get results
from overseas are documented in Table
4. Currency conversion rates effective
on 10/21/99 were used in the calculations.

Conclusions

This study indicates that results of test-
ing sound U.S. wool for SS and SL were
not highly correlated among the three
testing locations (methods). The visual
appraisals of SL and measurements us-
ing the ATLAS instrument were not dif-
ferent but were greater than {~ 0.1 in) the
SL results, obtained using the ASTM
standard method and SGS measurements,
Mean values of SS were not different
between the SGS and AWTA labs but
were significantly higher at the TAES lab.

Implications

The U.S. wool industry had anticipated
that results from this study would have
been close to identical from each of the
three labs participating using different
methods and instruments. Further inves-
tigations and analyses will be required to
help us identify reasons for these dis-
agreementis.
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Table 2. Mean vatues for the 29 wool lots,
AWTA SGS TAES (Visual)
Staple length, in 3.20° 3.07° 312° 321°
CV of stapie length, %. i4.2 i3.9 14.0 -
Staple strength, N/ktex 321" 3.8 41.7° -
**Within a row, means without a common superscript differ (P < 0.03).
Table 3. Caefficients of determination (r* values with P in parenthesis) for the
indicated relationships.
Staple length
AWTA SGS TAES
Visual 63 (0.0001) 53 {0.0001) A8 (0.0001)
AWTA - .810.0001) .81 (0.0001)
SGS - - .74 (0.0001)
Coeflicient of variation of staple length
_8GS§ TAES
AWTA -39 (0.0003) 1 (0.0849)
8GS - .21 (0.0128)
Staple strength
5GS TAES
AWTA 41 (0.0002) 46 (0.0001)
5GS - 61 (0.0001)
Table 4. Financiaf and time considerations.
AWTA 8GS
Samples sent via Federal Express 5/17/99 5/17/99
Cost of Fed-Ex shipping, US $ (~ 20 Ib) 223.25 213.05
Results received by airmail - 6/3/99 6/8/99
Cost of length/strength test, US $ / sample 25.15 22.24
MATF clearance and fumigation (29 samples) - 30.17
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Research Note

Survival and Serum IgG Levels in Twin Born
LambsSupplemented with Vitamin E

Early in Life'

Patrick G. Hatfield™?, John T. Daniels™, Rodney W. Kott!, and Donald E. Burgess"

Key Words: Lambs, Vitamin E, Lamb sur-
vival, Immunoglobulin G

Lamb mortality is a major factor limiting
profitability in sheep operations. Esti-
mates of pre-weaning losses range from
15 to 51% (Rook, 1997), with mortalities
as high as 35% considered normal for
large sheep operations (Rowland et al.,
1990). Rowland et al. (1590} also reported
that 50% of mortality occurs in the first
24 hours of life.

Supplemental vitamin E given orally to
the ewe during late gestation has been
shown to decrease lamb mortality (Kott
et al., 1998). In addition, when lambs
were injected with vitamin E shortly af-
ter birth, Gentry et al. (1992) noted an
increase in lamb serum immunogiobulin
G (1gG) concentration that could be in-
dicative of enhanced immune function
(Besser and Gay, 1994). However, no
advantages in survival or lamb body
weight gain were observed when supple-
mental vitamin E was given to lambs at
birth (Gentry etal., 1992; Williamson et
al.,, 1996).

Many studies assessing the role of vi-
~ tamin E in immune function and/or sur-
vival in sheep lack sufficient numbers,
and have not addressed pathological
and/or environmental stresses common
to Western sheep operations. Therefore,

our objectives were to examine the ef-
fects of supplemental vitamin E to new-
born twin lambs on lamb survival, serum
vitamin E concentration, and serum IgG
concentration. Sheep used in our study
were part of a production Jambing opera-
tion, thus the labor constraints and lamb-
ing environment used in this experiment
were typical of a western sheep produc-
tion system.

Twin born lambs (n = 960) were used in
this 2-year study. Research was con-
ducted at the Montana State University,
Red Biuff Experimental Ranch located 50
km west of Bozeman, Montana. Ewes
grazed dormant native range until 30 d
before lambing when they were confined
and fed approximately 2.5 kg:ewe'-day”
grass hay and .14 kgrewe*-day' of a
grain-based supplement (20% CP). Ewes
had ad {ibitum access to water and a trace
mineral salt mix. Ewes were shed lambed
in 1.5 m? individual pens starting April 11
in both 1997 and 1998. Lambs were ear
tagged and tails docked approximately
24 hours after birth. Twin born lambs
received one of three experimental treat-
ments. Treatments were 1)} one twin famb
assigned randomly to orally receive a
single dose of 400 IU supplemental vita-
min E within 1 hour of birth (1 g of Rovimix
E-40%, 400 1U a--tocopherol acetate;
Roche Vitamins, Parsippany, NI), 2) the
other twin lamb received no supplemen-
tal vitamin E, 3) of those lambs that re-

“ceived the single dose, half were ran-

domly assigned to oraily receive a sec-
ond dosé (400 IU) of vitamin E 16 to 24
hours after the first dose. Lambs and
ewes remained in individual pens for ap-
proximately 24 hours and then moved to
larger pens where they remained until
turnout to summer range approximately
30 d post-lambing.

At 3 d post-partum, biood was collected
from atotal of 223 lambs via jugular veni-
puncture. Sera were frozen for later de-
termination of serum o-tocopherol and
1gG concentrations. Lamb sera were
analyzed for a-tocopherol concentration
at the Wyoming State Veterinary Labo-
ratory using flourometric determination.
Lamb sera was analyzed for IgG concen-
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Tahie 1. Effect of oral vitamin E
immungiobulin G (IgG)?

supplementation to twin born lambs on serum vitamin E and

Nn
Serum a-tocopherol, pg/mL
Serum IgG, pg/mL

Nd

Body weight, kg*
Turmn out (avg age = 40 days)
Weaning (avg age = 120 days)

Body weight, kg'
Turn out (avg age = 40 days)
Weaning (avg age = 120 days)

Mortality, %8

Supplemental vitamin E*

Control Single . Double SEM
H1 63 49
1.32¥ 3.48v 5.26* 201
8.77 7.72 0.69 743
480 258 222
11.2 11.0 11.3 22
26.2 26.0 272 3
12.6 128 25 14
302 30.1 30.5 32
10.8 124 9.9 —

¢ Mortality observed at turnout.

*No supplement x year interactions (P > 0.30).
®Controt = no supplemental vitamin E; Single = 400 1U supplemental vitamin E within 6 hours of birth; Double = Two
doses of 400 1U of supplemental vitamin E. The first within 6 hours of birth
vitamin E within 10 to 18 hours after the first dose.

¢ Observations for serum a-tocopherol and IgG data

¢ Observations for bodyweight and mortality data.

* Body weight means calculated with a 0" for lambs that died, thus values represent weight of lambs weaned/treatment.
"Bodyweight means calculated with ‘no entry” for lambs that died, thus values represent live animal performance.

** Within Supplemental Vitamin E treatment, means without a common superscript letter differ (P <.01).

» the second dose of 400 U of supplemental

tration using an ELISA procedure
(Daniels et al,, 2000).

Lambs were weighed at birth, approxi-
mately 30 d post-partum (turnout to sum-
mer range) and at 120 d post-partum
(weaning). Percent lamb mortality at turn-
out was also recorded. Lamb was the
experimental unit. Lamb BW, and serum
1gG, and a-tocopherol concentration
were analyzed using the GLM procedure
of SAS (1993). The model included treat-
ment, sex, year, and ali possible interac-
tions. Lamb birth weight and birth date
were included in the model as covariates.
Lamb mortality was analyzed using Chi
square procedure of SAS (1993).

Supplemental vitamin E x year interac-
tions were not detected (P> .30). In ad-
dition, lamb sex did not impact (P > .50)
percentage mortality, serum w-toco-
pherol, or serum IgG concentrations,

Similar to results reported by Jneru et al.
(1994), serum a-tocopherol was greater
(P<.01) for lambs receiving two doses of
supplemental vitamine E compared to
those given one dose, which was greater
(P< .01) than for lambs receiving no
supplemental vitamin E (Table I).

Afzal etal. (1984) and Ritacco et al. (1986)
reported positive impacts of supplemen-
tal vitamin E on the ability of older ani-
mals to mount an immune response. Se-
rum or plasma 1gG levels in newborn ru-
minants have been reported to be good
indicators of an animal’s ability to mount
an immune response (Besser and Gay,
1994). In our study, serum IgG concen-
trations did not differ (P > .50) among
treatments (Table 1). These results are
counter to the findings of Gentry et al.
(1992) who noted an increase in lamb
serum IgG when lambs were injected with
vitamin E shortly after birth. Increased

serum ci-tocopherol in newborn lambs
may not always affect survival and IgG
levels. Potential explanations for the dif-
ferent resuits in these studies include the
method of administering vitamin E, co-
lostral vitamin E concentration, a lack of
exposure to environmental or pathogenic
stress sufficient to elicit an immune or
production response, arid the different
breeds of sheep used in each study.

Hidiroglou and Karpinski (1987) exam-
ined the route of administration of supple-
mental vitamin E and its effect on uptake
of vitamin E by sheep and found that
oral administration of vitamin E via gela-
tin capsules resulted in decreased
bioavailability compared to either intra-
muscular, or intravenous administration.
Gentry et al. (1992) reported mean serum
a-tocopherol concentrations of 43.9 pg/
mL at 1 day of age for lambs injected
with 1500 IU of a-tocopheroi at birth.
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This value is 8 times greater than the
serum concentration in lambs given an
oral double dose (3.26 pg/mL, Table 1) in
our study.

Gentry et al. (1992) used Suffolk sheep
while we used western white face range
breeds. Since Bradley et al. (1972) re-
ported higher mortality in Suffolk com-
pared to Targhee sheep it may be rea-
sonable to speculate that the ability of
supplemental vitamin E to influence im-
munocompetence would be more pro-
nounced in a less vigorous breed such
as Suffolk that may be more susceptible
to environmental and pathogenic stress.

Lamb body weight and survival did not
differ (P > .40) among vitamin E
supplemental treatments (Table 1). Kott
et al. (1998) evaluated the effects of
supplemental vitamin E to the ewe on
lamb survival. These authors reported
that mortality was decreased by vitamin
E supplementation over the 3.yr study
period. The reasons for differences noted
between studies in which supplementai
vitamin E was given to the late gestating
ewe or the newborn famb are not clear.
Passibly, supplementat vitamin E may
havemore benefit as an agent of positive
physiological change in the dam rather
than as a nutrient provided directly to
the neonate,

Implications

Although supplemental vitamin E given
to the famb at birth will increase lamb
serum a-tocopherol levels, this practice
does not appear to be effective in reduc-
ing lamb mortality, increasing lamb per-
formance, or improving indices of
immunocapacity (such as fgG levels) in
a production environment typical of the
Western United States using white face
sheep.
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Research Note

Is There an Influence of Individual Rams on

Ewe Prolificacy?

A.L. Carr, W.C. Russell, R.H. Stobart, F.S. Hruby, P. Bulgin, and G.E. Moss*

Key Words: Ram, ewe, prolificacy, lamb-
ing rate

Previous studies have shown that ram
introduction near the onset of the breed-
ing season stimulates the initiation of
estrous cycles (Sebastian and Inskeep,
1988) and ram libido influences flock con-
ception and flock lambing rates
(Fitzgerald, 1992). Twin-and triplet-bom
rams produce more muitiple births than
single-bomn sires (Hodgson et al., 1965;
Vakil et al., 1968; Botkin et al., 1988), an
effect generally attributed to increased
libido (Fitzgerald, 1992} and serving ca-
pacity (i.e. testis size; Snowder et al.,
1981). Sexual behavior also varies among
individual rams (Price, 1987; Fitzgerald
and Perkins, 1993; Alexander et al., 1999)
and among males of other species (Meisel
and Sachs, 1994}

Ovulation rate and prolificacy of ewes
are characterized as being lowly heritable
characteristics {Botkin et al., 1988) inher-
entto a ewe’s reproductive cycle. In spite
of this generalization, limited
data (Hodgson et al., 1965; Botkin
et al., 1988; Burfening and
Davis, 1996) and emnperical observations
support arole for the male in influencing
prolificacy of individual ewes, The ob-
servation that clitoral stimulation ad-
vanced timing of ovulation in cows
(Randel et al., 1973) supports the con-
cept that stimuli associated with mating

may influence time and perhaps rate of
ovulation in spontaneously ovulating
species such as cattle or sheep. Altena-
tively, in vitro fertilization studies with
rabbits led to the conclusion that semen
from selected bucks differentially influ-
enced embryo survival in vivo (Burfening
and Ulberg, 1968). More recently, “ser-
vice sire” was indicated as a significant
source of variation for number of lambs
born per ewe exposed (Burfening and
Davis, 1996} and a paterna! effect on ini-
tiation and length of the S-phase of em-~
bryo development was reported for bulls
(Eid et al., 1994). Therefore, the prece-
dence for a sire effect on number of off-
spring born to individual ewes exists, but
mechanisms through which such an ef-
fect may be mediated remain an enigma.

Data from single-sire matings performed
ina flock of ewes over a ten-year interval
were analyzed to determine if individual
rams do indeed differ in their ability to
sire multiple offspring. This flock con-
sists of approximately 200 westem white-
faced ewes that had historically been se-
lected for uniformity and multiple births
(Saboutard et al., 1995). Ewes were ran-
domtly allotted to groups 0f20-32 for pen
mating to a single ram during the fall
breeding season each year. Conception
rates averaged 97.1 + 4 percent (range =
50 to 100%) and duration of the lambing
season was 31+ 2 days overall years and

ram groups. The 4 to 6 rams used each
year were either 2 (n=32) or 3 (n= 16)
years of age and were replaced annually.
Over the ten-year interval, data for 1383
ewe lambing events and 48 sires were
accumutated and analyzed. Age of ewes
in this data set ranged from 2 to 10 years,

Data for ewes that conceived to the
single-sire matings were analyzed by
GLM procedures (SAS, 1990) to evajuate
effects of year, ram within year, and age
ofewe. The effect of ram age was tested
separately from ram within year because
of the inherent confounding among year,
ram age, and ram within year when in-
cluded together in the same model. Pos-
sible interactions were evaluated and
found not significant. Differences among
means were tested by Fisher’s protected
LSD procedure (Steel and Torrie, 1980).
For purposes of statistical analysis, ewes
were grouped into the ages of 2 (n=1338),
3 (n=278),4-7 (n="729), and 8-10 (n=38§)
years of age. )

Mean numbers of lambs born per ewe
lambing differed (P = .0008) by year and
ranged from 1.7+ .06t02.0+ .06, Simi-
larly, age of ewe influenced (P = .0001)
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numbers of lambs born with 2, 3,4 t0 7,
and 8-10 year-old ewes producing 1.8 +
03,194 .04,2,0+.02,and } .8+ .09 lambs
per ewe, respectively. Effects of ewe age
and year on prolificacy are not surpris-
ing because of differences in ewe matu-
rity, environmental conditions and feed
availabitity (Botkin et al., 1988). Age of
ram did not influence individual ewe lamb-
ing rates and averaged 1.9“ 03 and 1.9
{05 lambs per ewe lambing for 2 and 3
year old rams, respectively,

Of most interest, was the observation that
the effect of ram within year on ewe pro-
lificacy was highly significant (P =.001).
Rams differed in the number of offspring
bom per ewe lambing with a magnitude
of nearly .8 lambs per ewe lambing (Fig-
ure 1). Although our analyses do not
provide insights into mechanisms
through which such effects could be
mediated, the large differences observed
among rams could have dramatic effects
on profitability of a sheep enterprise.
These results prompt numerous impor-
tant questions that warrant further inves-
tigation. In addition to determining how
such effects may be mediated, it is impor-

tant to determine if such effects are heri-
table, are repeatable in individual rams
used over several breeding season, and
perhaps most importantly, how rams
which excel in this trait can be identified.
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Technical Note

Enterprise Budgeting for Ewe Flock Operations

Duane Griffith*', Patrick Hatfield' and Rodney Kott!

Enterprise budgeting is a tool producers
can use to evaluate current and alterna-
tive enterprises for profitability. Enter-
prise budgets are typically completed for
operations that are not undergoing sig-
nificant change. This ignores any transi-
tion or implementation phase necessary
to make changes or start an entirely new
enterprise. While some changes may take
several years to itnplement, others can
be accomplished in one production pe-
riod. EweCost is a tool that assists sheep
producers in analyzing current and po-
tential future alternative operating pro-
cedures for an ewe flock. The end point
in this enterprise is feeder lambs and wool.

The EweCost program is divided into four
sections; 1) revenue calculation and in-
ventory check, 2) enterprise operating
costs, 3) enterprise ownership costs, and
4) results. To save space, only a portion
of the results and input are presented
here. Not shown are inputs required for
the leasing analysis, sensitivity tabies
that vary prices, weights and Weaning
percentage from the results section,
graphs showing breakdowns of income
and expense and the results of the share
and cash lease analysis. While there is
extensive use of color in the software,
some information that color is designed
to enhance is lost when printed in black
and white. Information the user is either
allowed or required to enter is displayed
in blue text and outlined in double lined

boxes. Numbers or labels outside of a
double lined box are calculated or fixed
and cannot be changed.

The sample printout indicates “Help” and
other explanatory information is available
inthe left margin. Help messages are built
into this program in several locations,
some of which do not show when printed.
The help messages are inciuded to help
clarify input required by the user and how
to interpret results generated by the pro-
gram. The user can access these help
messages by pointing to cells that have
a Help, or similar label, and to cells that
have ared triangle in the upper right cor-
ner. The red triangles do not show on a
prinfout,

The EweCost program is provided as an
Excel spreadsheet, in Excel 97 format. This
program can obtained from the authors
or can be downloaded from the web site:
http://www.montana,edu/extensionecon.

The first section requires the user to en-
ter basic production parameters about
number of ewes, weaning percentages,
weaning weights, prices, etc. The pro-
gram uses this information to estimate
revenue generated from the enterprise.
Revenue is calculated for each animal
group and also per head using the pa-
rameters specified by the user. Both a
cash and non-cash component is included
in the revenue section. In most ewe

flocks, lambs are held as replacements to
maintain the quality of the ewe flock.
Lambs kept for this purpose generate
costs but no revenue. This software
gives the enterprise credit for producing
the value associated with replacements
tambs but clearly separates this non-cash
revenue from the cash sources. This pro-
vides a more comprehensive picture of
the resource base (ewe flock) being ana-
lyzed. Purchased replacements can be
analyzed as an alternative means of op-
eration.

In addition, the first section of the pro-
gram also conducts a check to assure that
the enterprise budget being prepared is
for a stable operation, i.e. the beginning
and ending inventory of breeding ewes
on hand are, or very close to identical. If
the beginning and ending inventory of
ewes is not similar, then the budget is for
an ewe flock that is either constantly in-
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creasing or decreasing over time. This
program can be used to analyze this type
of expansion or contraction but the bud-
get prepared is only valid for one pro-
duction period.

The second section of the program al-
lows users to enter operating costs for
the enterprise. Operating costs are also
called variable costs. These are costs
that vary with the level of production.
While operating costs can be collected
in many different formats, they are gen-
erally considered per unit costs. For each
additional unit of production the same
cost is incurred, i.e. each additional sheep
must be fed, vaccinated, etc. and each of
these activities cost the same amount per
head. The user must take care that
changes made in one section of the pro-
gram, i.e. number of ewes in the enter-
prise (revenue section) are accompanied
by changes in appropriate operating
costs. This program collects these costs
for the total enterprise and then calcu-
Jates the per head costs. Brief summaries
of totat operating costs for the enterprise
and per head are given at the end of the
operating cost input section.

The third section of the program allows
the user to enter ownership costs for the
enterprise. Ownership costs are also re-
ferred to as fixed costs. While operating
costs vary with the level of production
(linear in most economic budgeting tech-
niques) fixed costs do not vary with the
level of production and per unit values
vary inversely with the level of produc-
tion. An example would be the costs to
own a tractor, If you add an additional 50
head of ewes to the breeding flock, the
taxes or insurance on the tractor will not
change. Enterprise operating costs
would change (fuel, repairs, feed, vet &
medicine, etc.) but the same tax and in-
surance cost would be charged against
the ewe flock. The tax and insurance cost
per ewe would decline.

Ownership costs are typically divided
into four categories. These are deprecia-
tion, interest (or opportunity costs), taxes,
and insurance. Each of these four cat-
egories is listed for the basic set of re-

sources used for an ewe flock operation.
The basic set of resources inciudes ma-
chinery and equipment, buildings and
improvements, land, and the ewe flock.
The user must enter information for re-
sources used for the ewe enterprise on
their operation. :

The treatment of depreciation for the ewe
flock, or any raised livestock enterprise,
is a special case. Since this program is

"designed to handle estimating cost of

production and cafculating equitable
share and cash fease arrangements, ad-
ditional consideration must be given to
how depreciation is charged to the ewe
flock enterprise. 1f the program is used
to estimate the cost of your own ewe
flock operation and replacements are held

from annual production, no depreciation -

should be included. The cost of replace-
ment ewe development is already in-
cluded in the budgeted expenses and the
ewe flock is maintaining its value. While
individual animals may be “wearing out™
similar to a tractor, the ewe flock is not.
Including both depreciation and replace-
ment ewe development expenses would
double count some expenses for the ewe
flock. Ifreplacements are purchased, then
depreciation is used as a proxy for the
annual cost associated with maintaining
the ewe flock at its average value. The
program includes significant help mes-
sages to guide the user as to when and
how to enter depreciation expense. The
same procedure for depreciation is used
in both leasing analysis and estimating
cost of production. The example print-
out is for an owned ewe flock and does
not include a deprecation charge for the
ewe flock but does for the purchased
rams. Total ownership costs are summa-
rized at the end of this section of the pro-

gram.

Only a partial listing of the results, the
fourth section, is included in this article,
Shown is a summary of the incomes and
expenses presented in both a profit and
loss and cash flow format. Profitability
includes all income and expenses in-
curred during the enterprise production
process. These incomes and expenses
include both cash and non-cash items.

Depreciztion is a cornmon and well-un-

derstood non-cash expense. Deprecia-

tion is claimed as an expense for the op-
eration but cash is not required to cover
this expense. A detailed cash flow analy-
sis looks at cash income and expenses as
well as other cash inflows and outflows
that are paid or received in cash. The
most common example of a cash outflow
that is not an expense is principal pay-
ments. While the Cash Flow format is
presented here, caution must be used in
its interpretation. This spreadsheet does
not collect enough information to ana-
lyze an individual’s actual debt situation.
That woutld require information for each
individual loan, which has some rel-
evance for this enterprise, and prorating
the Joan information (principal and inter-
est) to this enterprise. That level of de-
tait is beyond this spreadsheet. User can
visit the web site listed above for other
software that will allow through cash flow
analysis. The interpretation of the Cash
Flow resalts presented in this template is
then, a best-case scenario, i.e. a debt free
enterprise. The Cash Flow results are
usefu} for risk assessment for the enter-
prise and providing a number that can be
used to calculated debt servicing ability
for the enterprise. The example printout
indicates how Profitability and Cash Flow
analysis can provide a very different pic-
ture of the enterprise. Profitability analy-
sis indicates the enterprise is losing ap-
proximately $87.17 per head. The Cash
Flow analysis indicates the enterprise is
making $5.62 per head, again a best-case
scenario. What is the difference? Note
that the cash flow analysis excludes the
“Interest (Opportunity Cost)” charge
used in the profitability analysis. The
opportunity cost is a charge made to
show the cost of using resources in sheep
production rather than their next best ai-
ternative. In this program interest (op-
portunity cost) is calculated using the
interest rate entered by the user in the
Operating Cost section for interest on
operating costs and the real rate of inter-
est, calculated from user input on aver-
age investment entered in the ownership
cost section of the program. The oppor-
tunity cost calculated for this example is
$3.40 per head for operating and $95.13
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per head for ownership costs. The print-
out indicates these are included in the
Profitability analysis and excluded from
the Cash Flow analysis.

Note: Be careful when budgeting that
you do not assign a degree of accuracy
to resuits that may not exist. The results
are only as good as the data used to cal-
culate the results. While a computer pro-
gram will calculate numbers down to sev-
eral decimal places, users should always

be wary of how to interpret these calcu-
lations. An example is the treatment of
interest (opportunity cost) discussed
above. Eliminating all interest (opportu-
nity costs) from the cash flow analysis
may make the cash flow position look
better than it actually is for an individual
producer. 1t would be difficult to collect
enough information from an individuai
to determine actual financing arrange-
ments on all assets so that the true cash
flows for actual principal and interest

payments is include in the Cash Flow
analysis. This spreadsheet is a budget-
ing tool and provides producers an op-
portunity to estimate profitability, cash
flow and evaluate the impact of manage-
ment changes in the enterprise,

Section 1; Renvepues and Cow Numbers Check--Cost of Production Estimates for Commercial Ewe Flock Enterprise

Double Kned botes snd blue text indicate numbers that are requéired/allowed for data entry.
Numbor of owes 1950 Weaning Percantage _
CuliRate .  f 20% Rep. Lambs Needed A
Value of Avg Ewa in Breeding Flock $60 Rep. Lambs Kept .
Vatue of Production
Value of Production for Actuai Cash Sales
Net Market Price Pounds ¥alue Per
Quantlry Welzht Per Pound Produced Hend Total Value
Wether ne [ 94 | sng2 B 109980 877 590,184
Ewe Lumbs 570 38 $0.82 50,160 s72 $41,131
Cull Ewe Sales 35t .. 1s8 $0.25 52,500 538 $13,125
Cull Replacement Ewe Lamb: Sales ] 200 126, s0.s0 24,000 $60 $12,000
Other Incomw (Wool and .....) 1 R = $9 $17,550
Cull Ram Sales 4 : 200 . 30,25 800 850 $200
Totals 2258 237,440 174,199
Totat Pounds Produced From Wethers and Ewe Lambs 160,140 $131,314.80
Price Pounds Base Value
Replacement Ewe Lambs Quanfity  Weight Per Pound Produced Per Ewe Total Value
Purchased Replacement Ewes/Eambs ] 0 B [ | 50.00 50 $0.00
Raised Replacements Non-Cash Adjustments to the "Cash" Value of Production
Transferred of Raised Ewe Lambs To Breading 39 85 i S0.54 33,150 546 $17,901.00
Death Loss of Replacement Ewe Lambs 19 15 i 50.54 1,150 362 (s621)
Totat Revenue {Lamb & Noo-f.amb, Cash and Non-Cash} 5191470

Since this is a "budget” for a typical years operation, ewe flock size should not vary significantly from the beginning to the end of the year.

If the numbers entered show significant variation from the beginning to the end of the year in the numbers check below,
adjust the culi ewe numbers, death loss, o replacement ewe lamb numbers until that variation is eliminated.

Check on Breeding Ewe Numbers (Beginning to End) Number  Doilar Value

Beginning Inventory of Ewes 1950 $117,000

+ Raised Replacement Lambs Kept 600 $27540

- Excess Raised Rep. Ewe Lambs Sold 200 {$12,000)

+ Purchased Replacement Lambs 0 s

- Culi Ewe Sales 350 (513,125)

- Death Loss Breeding Ewes 40 (51,500}

- Death Loss Replacement Ewes Lambs 10 (8621)

= Ending Inveniory 1950 5117294

Template Options and Explanations:

This template can be used to estimate the cos!s of production and break-even prices for 1) Commerclal Ewe Flock operations {owned or leased), 2) a
feeders/backgrounding enterprise, or 3) a yearling enterprise. Each of these enlerprises can be evaluated independent of the cthers, or you can stant
with the ewe flock enterprise and foliow through each phase or production cycle to get to the desired end point. The "Feeders” page tab allows for both
short and long termn backgrounding and analysis of finished slaughter lambs, however not all at the same time. You may have to run the Feeders page
info for each scenario desired if going to a finished slaughter weight through retainad ownership.

This templale can be used for analysis of cost share or cash leasing bul if that is not your objective, simply igrore the columns and other information
related fo leases.

Please read the notes and heips indluded threughout Lhis template fo make sure you understand what rumber is to be entered or how to interpret a
result. These notes and halps are indicated by a smati red triangle in the upper right comer of a cell. Simple place your cursor on tap of the cell o view
the help message or note attached to that cell.
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Section 2:

Operating Costs for a Ewe Flo¢k Enterprise

Value
Feed Costs (Raised and Purchased) Units Quantity Price ~Value Per Head
{hay L tem 98080 80008 %72,000 $36.92
Help  [Seate lease - TTAGM. ] 90000 $3.50 $3,150 $1.62
[spress service AUM TTeB0 | 8135 $810 $0.42
Pasture Lease §2 0 006 %0 $0.00
iPasture Lease #3 .8 5000 $0 $0.00
fSalt&Minerat ~~  : Tom | ] 15.00 $560.00 $7,500 $3.85
Barly 20.00 $70.00 $1,400 $0.72
Crop Residue Al 30.00 $0 $0.00
Straw 5000 $0 $0.00
nifalfa peliets (processing) $4500 $1,800 $0.92
Other 080 . $0.00
Other $0.00 $0 $0.00
Subtotal of Feed Costs $86.660 $44.44
Operating Cosls Directly Associated With Livestock Care and Handling
Help  |Vetaod Medicine $2,400 $1.23
Livestock Hauling {Not Related to Marketing) . . $0.00
Professional Fees (Dues, Subscriptions, Legal, ete.) $1000 $0.5¢
Hired Labor $40,000 $20.51
Marketing Casts Price/Unit No, of Units ;
Sales Comunission $£6.00 0.00 50.00 $0.00
Hauling to Market S0.00 0.00 50.00 $0.00
Yardage 50.08 0.00 $0.00 £0.00
Custom TTire $0 $0.00
Rent or Lease (Vehicle, Machinery, Equipment) . $0.00
Utilties 3600 s03
Supplies $1,700 $0.87
All Shearing Costs $4,800 $2.46
{{Other Operaning Losis- fagein i B i K $0.82
Operating Costs of Facilities and Equip. Used in Lvstk Production. ;
Help |Operating Costs of Equipment (Fuel, Oil, Repairs) $1,000 $0.51
Operating Costs on Machinery {Fuel, Oil, Repairs) . $000 $0.5¢
Operating Cosis of Vehicles (Fuel, 0i}, Repairs) $3,000 $1.54
Facility Repairs and Maintenance $0.00
Fences | $30.00 $0.02
Corrals $0.00 $0.00
Buildings $550.00 $0.33
Water Facilities $300.00 5041
Hired Labor o see0 | f 000
Rent o1 Lease $0.60 $0.00
Supplies $300.00 $0.15
Utilities $2,000.00 $1.03
{0ther . $0.00 $0.00
HOther ' - se00 $0.00
Other $0.00 i 3000
SUBTOTAL OTHER VARIABLE COSTS $60,880 $31.22
Interest on Operating Costs
Sum of Operating Cosis x Months Borrowed
1 Interest Rate Per Month
Annoual Enterest Rate (11% = .11) 9.00%
Avg. Number of Months Money Borrowed )
Annual Inflation Rate ( 9% = .09) 3.00%
Int. Formula Total Interest Cost (Real Rate of Interest) $6,639 $3.40
Total Operating Costs $154,179 $79.07
Returns Above Tataf Operating Costs $19,3%0 $9.94

(Excluding Replacement Ewe Lambs Non-Cash Revenue; Includes Death L.0ss)
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Section 3: o Ownership Costs for a Ewe Flock Enterprise
Machioery and Equipment used for Livestock

Dollars Useful Salvage Calculated Yilue
Depreciation Item Name Invested Life Yrs Yalue Depreciation Per Head
Help fractor . . | | ¥ g, 30 0 $0.00
ractor#2 85,508 15 $4,000 $100 $0.05
Pickup#1 $14,500 10 $4,000 5750 $0.38
[[Pickup #2 TTTT§sEh0 71 3,000 $357 $0.18
Lvstk HandlingEquip &~ $0| ~ ~ of """ "0 50 30.00
Watars e o FLE000 20 $0 550 30.03
] %0 | 0 $0 s0 50.00
- 0 3 S 0 $0.00
9 .3 5o $0.00
9 k. S0 $0.00
SO 0 s S0 30.00
- e " sl 0 $0.00
Dep. Formala - Totsls $23,500 511,000
Ini. Formula  Ioterest (Opportonity Cost Using Rea) Rate of Int.) §1,035 £0.53
Perscnal Prop. Taxes op Mach & Equip Used for Lvstk . j100 $0.05
{nssrance 200 $0.10
Buildings and Improvements Used for Livestock
Dollars Useful Salvage Calculated Value
Item Name Invested Life Yrs Value Depreciation Per Head
Depreciation|Barmn ' $0 . 0 $0 $0.00
Hlamb shed ¥ : $3,000 ¢ 20 5150 £0.08
Help  Jllamb shod#2 : _ $8,000 26 $400 $0.21
tshed #1 ! 3¢ ] $0 $0.00
fshod #2 R RN . S 0 0 $0.00
shed#3 . $0 L 50 $0.00
improvements 1 s$tse0) 20 575 30.04
Othar I $0 0 0 £0.00
Dep. Fortnuls Fotals $12,580
Int Formula  Interest (Opportuoity Cost Using Real Rate of Int.} 5375 $0.19
Personal Property Taxes and Buildings & fmprv. L3500 $0.26
Insurance ; $1,100 $0.56
Owned Land Used for Livestock Operations
No. Acres Value/Acre  Total Value
Hetp 16000 $100 § 51,000,000
W 20000 $1004 52,000,000
N . 1] $0 S0
] $0 0
o $0 $0
Grazing Land Purchasy 0 $0 50
Hay t.and Purchase e .80 50
e ! I F U SO b
PEC IR SR - e sﬂ
- e e : s0
: Tota} 53,000,000
ot Formula  lnterest (Opportunity Cest Using Real Rate of Int.) 5180,000 $92.31
Resl Estate Taxes $6.56
Yasurance — include is irsurance cost uader buildings and improvinents
| Livestock — Ewe Flock
H Dolars Useful Salvage Calcolated Value
: Depreciation  Ttem Name Fovested Life Yrs Value Depreciation Per Head
: Fielp - Please Rams f $16,000 4 SI200)  s4200 $215
Read Important Breeding Ewes $117,600 a Sﬂ\ 50 $0.00
[{Other Dep. Brding Stock ! 0 [ 50 o $0.00
Dep. Formula Totals $135,000 $1,200
Int Formuwla  interest (Opportunity Cost Usiag Real Rate of Int.) 5210
Personal Property Taxes $0.51
Total Ownership Costs 5207278 5106.30
Total Costs {{dpernting Plus Ownership) $361,457 $185.36
Returny Above Toial Costs (Exciudes Rep Ewe Lamb Non-Cash $; Includes Death Loss) {5187,8589) (59635)
Returns Above Total Costs (Tecludes Rep Ewe Lamb Non-Cash $; Includes Deatk Losy) ($169,958) {587.1T)
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Section 4: Resulis— Cost of Production and Leasing, if Leasing Analysis Utilized

Lease Percent
based on cost
Lease share precentapes based on how costs are shared share
EweOwner share of Total Cost of Production 0.00% Weiphted Weighted
Tenant's Share of Total Cost of Production 100.00% AverapeSzle | Average Sales
cheek sum 100.00% Price Weight
Interpretation of percentage split calculation 4 ss200 92.03

Profitability and Cash Flow Summary for the Ewe Flock Enterprise

For accurate presentation of the Profitabitity and Cash Flow tables below for the Ewe Owner 2nd Tenant, sharing

of cult ewe and cull ram revecue must be determined. Economic theory snggests that if the ewe owner is providing the
replacement ewes and rams, be/she s entitied to il cull reveaue. If bowever, replaccments are kept from the tamb crop, and
development costs are shared by the ewe owner and tenant, the cull revenue should also he shared.

YorN Tenant-Owner
I3 cull ewe revepue shared? Y Il Mo, who receives reveoue? (O or T) L0
Is cull ram revenue shared? Y If No, who receives revenue? (Q or T) i T
Do not enter Yes or Ne, only Y or N, your input is not case sensative. Enter enly ae Qor T

Graphics of Income and Expenses to right of this table. (Colump R)

Interpretation of Profitability and Cash Flow—Caution

For Entire Ewe Flock Enterprise

Profitability Cash Flow
Sources of Revenue Total Per Head Total Per Head
Woether $90,184 §46.25 $90,184 $46.25
Ewe Lambs $41,131 52109 $41,53 . $21.09
Cuoil Ewes $13,125 $6.73 $13,125 56.73
Excess Rep Ewe Lambs $12,000 $6.15 512,000 $6.15
Culi Rams 5200 $0.10 5200 50.10
Other Income {(Wool, and ...... )] £17,556 $9.00 $17,550 59.00
Cash Revenue from Ewe Flock Enterprise — Subtotal]  $174,190 589.33 174,190 $89.33
Non-Cash Revenue Adjustment - Rep Ewe Lambs $17,901 5918
Non-Cash Revenue Adjustment for Death Eoss : ($621) ($0.32)
Total Revenue 5191,470 $08.19 $174,190 $89.31 ‘
Percent total Revenue {Cash and Non-Cash} >>
Operating Costs (Variahle Cosry) Profitability Cash Flow
Feed Costs 586,660 $4.44 586,660 544
Operating Costs Associated with Lvstk Care 552,100 $26.72 $52,100 5$26.72
Facilities and Equipment Opersating Costs 58,780 $4.50 58,780 $4.50
luterest on Operating Costs 36,639 53.40
Total Operating Costs of Production $154,179 57507 $147,540 $75.66
Returos Above Operating Costs (Excluding Rep. Lamb N.C. Rev.)| 519,350 59.94 §26,650 $13.67
Ownership Costs (Fixed Costs}
Depreciation $6,082 53.12
Insurance $1,300 s0.67 51,300 50,67
Taxes 514,400 5738 $14,400 $738
Interest (Opportunity Cost) $185,496 $95.13
Total Owocrship Costs $107,278 $106.30 515,708 $8.05
Total Costs {Operating and Ownership) $361,457 $18536 §$163.240 $83.71
Net Returns Above Operating Plus Owuoership Costs (5169,938) {$87.17) $10,950 $5.62
Enter the total valoe of unpaid famify Iabor and management $30,000
Percent of unpaid labor and managemeat for this enterprise 40%
Return on Investment/Assets (ROI=R0OA) 0.32%

Tha breakeven calcilations presented al right are based on the pounds of
famb actually sold. Emphasis are on costs and the brezkeven is the
amount lambs must seli for, to cover operating and tolal costs. The
breakevens are calculated with and without consideration of nonJfamb

Breakeven Calculations
Excluding Non Lamb Revenue

revenua {(cull ewes, wool, etc.). Costs are adjusted for shearing. Operating
Operating 1+ Ownership
Costs Costs
Required Lambing Percentage {Using Weighted Averages) to Cover 101.51% 242.36%
Required Avg. Lamb Weaning Weights (Using Weighted Avg Prices) 104.70 249.97
Required Avg. Lamb Prices ($/Cwt} (Using Waighted Avg Weight} 593.28 $222,72
34 Sheep & Goat Research Journal, Vol. 17, No. 1: 2001




Sheep and Goat Research Journal

' NEWS BRIEFS

NIAA Awarded Grant to Help Implement National
Scrapie Eradication Program

The National Institute for Ani-
mal Agriculture (NIAA) has been
awarded a grant from the U.S. Depart-
ment of Agriculture (USDA) to carryout
a national producer education program
for the soon-to-be aunched effort to
eradicate scrapie from the nation’s sheep
flocks and goat herds.

“NIAA’s role in the program will
be to communicate to producers the de-
tails of the program both directiy and
through trade associations and' the me-
dia,” explained Glenn N. Slack, NIAA
president and chief executive officer. A
comprehensive industry awareness and
media relations campaign, labeled Eradi-
cate Scrapie!, is underway and will coin-
cide with the publication of new.govemn-
ment regulations goveming the interstate
movement of sheep and goats. The regu-
lation will be official upon publitation in
the Federal Register, which NIAA antici-
pates to be within the next 30 days.

New Address

Effective January 1,2001 all correspon-
dence related to the Sheep and Goat
Research Journal should be sent to the
following new address:

Sheep and Goat Research Journal
c/o National Institute for Animal
Agriculture

1910 Lyda Avenue

Bowling Green, KY 42104-5809
Phone: 270-782-9793

Fax: 270-782-0188

NIAA, successor to the Live-
stock Conservation Institute (LCI), has
played an integral role in past eradica-
tion efforts among cattle and swine, in-
cluding tuberculosis, bruceltosis, hog
cholera and pseudorabies. The
organization’s Sheep Health Committee
has been an advocate for scrapie eradi-
cation and has encouraged the develop-
ment of a reliable diagnostic test.

“While we will be sending in-
formation directly to producers, we will
also be working with the media to further
disseminate information that will be im-
portant for sheep and goat producers to
know and understand,” said Slack.
“Eradication initiatives require the sup-
port and cooperation at all levels: veteri-
narians, breed associations, livestock
dealers and markets, meat packers and
processors, show officials, transporters
and producers, and it will be our job to

New E-Mail
Address

Our e-mail address has changed. We can
now be contacted at

sgri@animalagriclture.org.
Website Address

You can visit the Sheep and Goat
Research Journal website by logging

on to www.animalagriculture.org/sgri.

explain what will be required by each seg-
ment,” he points out.

The goal is to eradicate the dis-
ease in {0 years and to have the U.S. rec-
ognized intemationally as “scrapie-free”
in 17 years,

Scrapie is a degenerative and
eventually fatal disease affecting the cen-
tral nervous system in sheep and goats.
Its control is complicated because the
disease has an extremely long incubation
period without clinical signs of symp-
toms of disease.

Scrapie is a member of the class
of diseases called transmissible
spongiform encephalopathies (TSE’s).
Other TSE’s include bovine spongiform
encephalopathy (BSE, a.k.a. “Mad Cow”
disease) and Chronic Wasting Disease

among deer and elk.

Call for Papers

Manuscripts are currently being accepted
for publication in upcoming issues of the
Sheep and Goat Research Journal. Send
five copies of submitted manuscript to
Sheep and Goat Research Joumal, c/o
Nationat Institute for Animal Agriculture,
1910 Lyda Avenue, Bowling Green, KY
42104-5809. For more detailed informa-
tion, please refer to the Guidelines for Au-
thors on the inside back cover of this
issue. Inquiries may be made via
electronic mail at

sgri@animalagriculture.org, by phone
at270-782-9798, or by fax at270-782-0188.
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NIAA Announces Tour to Europe to Study Animal
Health and Trade Issues

The National Institute for
Animal Agriculiure has announced that
it wilt coordinate a study tour to Europe
in December. Foot and Mouth Disease
(FMD), bovine spongiform
encephalopathy (BSE) and other animal
health and trade issues will be at the
center of discussions during the
weeklong trip that will begin in Paris and
also take participants to the French
countryside.

NIAA Chief Executive Officer
Glenn Slack said that NIAA is working to
fill a void in continuing education and
professional development opportunities
foranimal agricuiture professionals. The
international study tour will seek to
provide a global perspective to the
education and training process.

Participants will get a firsthand
look at some of the animal health-related
challenges confronting the European
community, including BSE, FMD and
other non-disease issues like genetically-
meodified organisms (GMO’s). In addition,

they will receive an introduction to the
European Union (E.U.), explore the role
of animal health in intermational trade, and
receive an inside view of agriculture in a
European country through farm visits.

Finally, the study tour,
scheduled for the first week in December,
will offer an incredible practical exposure
to the French agricultural system,
including animal identification, labeling
and traceability.

Working with NIAA in the role
oftechnical coordinator for the study tour
is Dr. William Hueston, an international
authority on transmissible spongiform
encephalopathies. Hueston, currently the
associate dean of the Virginia-Maryland
Regional College of Veterinary Medicine,
was recently named director of the new
Center for Animal Health and Food Safety
at the University of Minnesota.

Hueston said participants will
meet in the conference center at the
Intenational Office of Epizootics (OIE),
based in Paris. OIE is recognized by the

World Trade Organization as the
international standard setting body for
animal health. The Director General of
the OIE and others from their siaff will be
active participants in the meetings.

Slack said the tour is limited to
only 20 participants in order to provide
optimum interaction with the speakers and
instructors. Activities will also be
planned for spouses who attend.
Reservations will be accepted on a first-
come-first-serve basis; however,
members of the Nationa! Institute for
Animal Agriculture will be given first
consideration.

Slack recommends that
individuals interested in reserving a spot
on the study tour, or who want to be put
on the mailing list, receive a detailed
brochuré (including associated costs, a
tentative itinerary, list of speakers
(facuity)}, deadlines and a reservation
form}, contact Peggy Logsdon at NIAA
headquarters (Phone: 270-782-9798; E-

mail: plogsdon@animalagriculiure.org).

NIAA Announces Scholarship for Fellowship Program

The National Institute for Ani-
mai Agriculture has announced that it will
award a scholarship, equivalent to one-
half the tuition fee, to a deserving indi-
vidual seeking to participate in the Sci-
ence, Politics and Animal Health Policy
Executive Feliowship Program.

The program is designed to
mold mid-career professionals into the
animal health leaders of the 21%
century by building their critical knowl-
edge and skills. The fellowship program
has three four-day modules examining
animal health policy at the local, national,
and international level. Locations for the
modutes are East Lansing, Mich., the
Washington, D.C. area, and an interna-
tional location. This vear’s class, the
third since the program begin in 1998, will
travel to Argentina for the international
module,

“NIAA applauds the Michigan

State University College of Veterinary
Medicine, the Virginia-Maryland Re-
gional College of Veterinary Medicine and
the University of Minnesota College of
Veterinary Medicine for administering and
offering this executive fellowship pro-
gram,” said NIAA Chairman of the Board
Richard D. Huil. “We support the
program’s objectives and are proud to
offer this scholarship.”

In exchange for tuition assis-
tance, the scholarship recipient will be
assipned a project dealing with a con-
temporary issue affecting animal agricul-
ture. The project will be mutually agree-
able between NIAA and the scholarship
recipient, who will perform approximately
50-75 hours of service for NIAA in com-
pleting the assignment. The recipient will
be offered an opportunity to report his/
her finding or results during the 2001
NIAA Annual Meeting.

“The NIAA Continuing Educa-
tion Scholarship application deadline is
August 15, 2001. The recipient will be
announced approximately 30 days later,
and all applicants notified immediately
thereafter. Applications forms may be
obtained on the Internet at
www.animalagriculture.org or by calling
(270-782-9798). Additional information
on the Executive Fellowship Program
may be obtained on the Internet at
wiww.cvr.msu.edw/outreach.

The mission of the National In-
stitute for Animal Agriculture is to be the
forum for building consensus, to ad-
vance solutions for animal agriculture and
to provide continuing education and
communication linkages to animal agri-
culture professionals. Animal health is
one of NIAA’s primary areas of empha-
SIS,
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Objective

The aim of the Sheep & Goat Research Journal is to publish
timely sheep and goat research findings that can be used by
scientists, educators, extension agents, and producers alike.
Specifically, the Journal aims to encourage producer use of
research that has practical application.

Editorial Policy

The Sheep & Goat Research Journal publishes articles of
research relating to all aspects of sheep and goat production
inciuding marketing. Articles should relate and contribute to
the advancement of the American sheep and goat industries
and / or their products. All research articles must represent
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Fall and Winter Grazing of Brassicas -
a Value-Added Opportunity for Lamb Producers

David W, Koch!, Conrad Kercher? and Ron ]oncs3

Summary

Fast-growing cold-tolerant brassicas can be
grown as a second crop, providing low-cost,
high quality forage for fall-grazing lambs.
In this study, cultural methods on irrigated
fields included species and varieties, cstab-
lishment method, second-crop planting
dates (July 17 to August 12) and volunteer
grain control. Brassicas were planted after
several primary crops. Studies were con-
ducted at the Powell, WY, Research and
Extension Center from 1986 to 1996,
Lamb. performance was evaluated in seven
grazing studies. Brassica forage production
declined about 770 kg/ha per week when
planted after July 20. Two to 3 metric
tons/ha of forage was available in all years,
except 1992, when soil fertility was low.
Average daily gain {ADG) was similar for
turnips and other species (tyfon, rape,
radish). Over all studies, lambs grazing
brassicas gained 0.18 kg (0.13 to 0.25) per
day. During the first month, lambs grazing
turnips and other forages gained faster than
drylot-fed lambs, but gained slower than
drylot-fed lambs after the frst month.
Average lamb gain/ha was 308 kg. Gains of
lambs grazing July-planted brassicas were
41% greater than with August-planted
brassicas. The average number of lamb
grazing days/ha was 1685. Brassica-grazed
lambs gained subsequently as well in drylot
as lambs not previously grazed. Carcass
characteristics of lambs grazing brassicas
were similar 1o those of lambs fattened in
the drylot; however, grazed lambs required
fonger to reach targer weights.

Key words: turnip, tyfon, rape, radish,
sheep, weight gains.

Introduction

Each fall many lambs are sent to feedlots
because quality forage is lacking.
Significant value could be added if even a
fraction of these lambs were rerained for fall
grazing on high-quality pasture for two to
three months,

Fields on which irrigated small grains are
grown comumonly are left idle {fallowed)
following harvest in late July or early
August with a 2 to 2 /2 month growing
season remaining for cold-tolerant crops,
such as brassicas. Brassicas include tutnips,
rape, tyfon (a hybrid of turnip and Chinese
cabbage) and related species. Planting
turnips, rape and other similar fast-grow-
ing, frost-tolerant crops as a second crop
can provide extended grazing with high-
qualicy, low-cost forage. Additionally, these
species can be used as break crops following
plow-out of alfalfa and can be no-till seed-

ed into herbicide-killed sod.

Brassicas require high levels of nitrogen and
effectively use residual soil nitrogen from
previously-grown alfalfa. In previous stud-
ies, with18 to 25 ppm soil nitrate nitrogen,
turnips planted in mid-July after plow-our
of alfalfa responded to nitrogen fertilizer.
Greatest yield of turnips planted after alfal-
fa was produced with about half (56-67 kg
N/ha) thar needed after a small grain crop
(Koch and Karakaya, 1998). Nitrogen fer-
tilization is very important after malt barley
harvest because there is generally litde
residual soil nitrogen. A soil test can assist
in determining amount of nitrogen to
apply. Brassicas require high phosphorus
and potassium; however, fertilizer needs

should be based on soil analyses.

The brassicas are high water-requiring
crops; therefore, late-season irrigation is
necessary. Although some brassicas are
moderately tolerant to salt, turnips are not
saline or alkaline tolerant,

Forape brassica varieties have a biennial
growth habit, meaning that they produce
only vegetative growth the year of planting.
Tyfon produces leafy top growth like
turnips but smaller fleshy roots than
turnips. Both tyfon and turnips are near
maximum production in about 60 days
whereas rape, which produces a stalk,
requires 75 days or more. Tyfon has a larg-
er seed than wurnips and requires at least
twice the seeding rate for the same density
of stand. Rape seed size is intermediare.
Rape is potentially more productive than
turnips and tyfon; however, animals do not
eat its central stalk. Because residual stalks
of rape mostly remain standing, rape can
be seeded in mixtures with turnips and pro-
vide good winter soil protection following
grazing,

There is a general lack of high-quality for-
age for fall grazing in many arcas. Growing
a second crop is a more efficient use of land,
labor and capital than using the whole sea-
son to grow brassica crops. In addition to
providing inexpensive high-quality forage,
brassica grazing can reduce environmental
problems associated with feedlots. Two
unknowns related to brassica grazing are

1 Depr. of Plant Sciences, University of
Wyoming, Laramie, WY,

2 Dept. of Animal Science, University
of Wyoming, Laramie, WY.

3  Former Superintendent, University of
Wyoming Research and Extension
Center, Powell, WY.
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lamb carcass quality and performance of
lambs if transferred from grazing to the

feedlot.

Marten and Jordan, 1982, and Heinemann,
1979, 1eported lower performance with
lambs than would be expected from the
high nutritive value of turnips and other
brassicas. Lamberr et al. {1987) found that
lambs fed hay, even of poor quality, while
grazing brassicas performed better than
lambs grazing brassica forage alone. Koch
et al. {1987) reported gains of 0.21 1o 0.25
kg/day with lambs grazing tyfon no-till
seeded into permanent pasture, on which
there was an estimated 840 kg dry mar-
ter/ha of grass.

One of the limitations of turnips and other
brassicas is that they are hosts of the sugar-
beet cyst nemarode (Koch and Gray, 1999).
In a previous study, lambs grazing ‘Adagic’,
a nematode-resistant radish performed as
well as lambs grazing turnips (Yun et al.,
1999). Fall grazing did not diminish the
ability of the radish crop to control soil
nematodes. If sugarbeets are to be grown
and the field is infested with sugarbeet
nematode, a nematode-resistant radish vari-

ety should be used.

Materials and Methods

Soil and crop management.

The soil was a Garland clay loam (fine,
mixed, mesic Typic Haplargid). All studies
were at the Powell (Wyoming)} Research
and Extension (R&E) Center. Soil pH was
7.6 to 7.9, organic matter was 1.1 to 1.4%,
electrical conductivity was 0.6 to 1.1 ds/m,
P04-P {except in 1992) was 16 to 20 ppm,
K was 178 to 202 ppm, and NO3-N was
11to 19 ppm, In 1992, soil PO4-P was 9
ppm and both turnips and radishes showed
phosphorus deficiency.

Elevation at the Powell R&E Center is
1330 m. Average date of first fall frost
(0°C) is September 27; however, the brassi-
cas grow until temperatures reach -7°C or
lower. The site receives 19 cm annual pre-
cipitation. In all studies brassicas were fur-
row-irrigated. Annual snowfall is 33 cm,
with 17 cm between September and
December. In 1989, during grazing, sever-
al cm of snow fell and crusted overnight.
Hay was fed for four days until the snow
softened so that prazing could resume.

Snow did not interfere with grazing in any
other year.

All brassicas were no-till seeded into the
stubble of the previous crop, exceptin 1990
and 1996 and one of the studies in 1987.
The previous crop was “Tangier’ flatpea in
1987, small grains in 1986 and 1992, pea-
oat in 1994 and 1995. The second study in
1987 was full-season, with sugar beets
grown the previous year. Brassicas were
planted after alfalfa was harvested and
plowed out in 1990 and 1996 (Table 1).
Loose straw from the previous batley grain
crop in 1992 was baled and removed. In
other years, the inital crop forage was
removed as silage. A stubble of 15 o 25
cm, averaging 1075 kg/ha, was left.

Turnips were seeded at 2 to 3, rape at 3 to
5, tyfon at 4 to 6 and radishes at 25 to 28
kg/ha with a double-disk drill. Seeding
into a stubble, in contrast to a tilled
seedbed, facilitates more timely planting
and reduces the cost of production. There
is also less surface crusting and less erosion.
The stubble also provides lambs with dry
marter while grazing. Alernatively, turnips
have been established successfully by aerial
seeding prior to the last irrigation of the
small grain crop. Also, after the previous
crop harvest, turnips have been mixed with
fertilizer and spun on with a fertilizer
spreader or sceded with an air spreader.
These broadcast seeding methods, where
practical, should be followed with light
tilage to improve establishment.
Corrugations were cleaned before the first
irrigation.

Ammonjum nitrate fertilizer was broadcast
at the time of brassica planting.
Ammonium nitrate, rather than urea,
should be used with no-till plantings
because urea is subject to considerable loss
of nitrogen to the atmosphere. Rates varied
from 67 to 112 kg N/ha. Brassicas are high
water-requiring crops. Depending on tain-
fall, they were irrigated two to four times.

Glyphosare (Roundup® at 1.75 l/ha) was
applied before planting if weeds or volun-
teer plants were present (1986, 1994, and
1996). A post-emergence herbicide was
applied in 1992 to control the large amount
of volunteer batley germination. Volunteer
forage is highly nutritious; however, if it is
dense or if it germinates before brassica

seed, it can be excessively competitive, A
tank mix of sethoxydim (Poast®) at 1.75
and crop oil at 2.3 l/ha suppressed volun-
teer plants adequately. In 1987, paraquat
(.28 kg active ingredient/ha) was used to
contro] annual weeds and flatpea regrowth
before planting. Trifluralin (Treflan®) at
1.75 l/ha was used in 1987 with full-season
rape and stock beets and in 1990 for pre-
emergent control of annual weeds.

Planting dates were as soon as possible fol-
lowing harvest of the primary crop. Dates
ranged from July 17 to August 12. Initial
crops harvested as silage allowed an earlier
second crop planting than crops harvested
as grain, The late date in 1992 (Aug. 12)
was the result of later-than-usual maturity
of barley, harvested as grain.

Studies were designed to evaluate several
alternatives, including turnips vs tyfon,
rape, or radishes; turnips vs feedlot diets;
and turnips vs sugar beet tops. In two stud-
ies (1994 and 1995), lambs were slaugh-
tered directly after grazing in order to eval-
uate carcass characreristics, compared with
drylot-fed lambs. Lambs were slaughtered
at a commercial packing company. Warm
carcass weights, quality and yield grades
were determined. In 1994 and 1995 the
effect of turnip and radish grazing on sub-
sequent lamb performance in drylot was
studied.

Animal and grazing management.
Individual full weights were taken at the
start of trials, at 2-week intervals and when
lambs were wuansferred from grazing to
feedlot diets in 1994 and 1995. Lambs were
initially allocated to treatments on an equal
weight basis. Lambs had been weaned off
ewes on pasture, Columbia-Rambouillet
crossbred lambs were stocked at 35 o 50
lambs/ha in blocks of about 0.2 ha.
Grazing animals received no supplemental
feed, except in 1996, when a hay-supple-
mented group of lambs was included.
Rotationally-grazed lambs were moved at
approximately 2 weeks (10 to 20 days,
dependent on amount of forage and size of
lambs). Grazing periods varied from 26
days in 1992 to 84 days in 1995. Lambs
were vaccinated for overeating (enterotox-
emia) before grazing. All flambs were treat-
ed for internal parasites. Drylot compar-
isons were used in 1986, 1990, 1994, and
1995.
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The feedlot diet consisted of 35% com,
35% barley, 30% chopped alfalfa hay plus
0.36% mineral supplement (same as
grazed) plus 1 oz. Bovatec®/ton. The
amount of feed increased from 0.23
kg/lamb initially to 1.5 kg/lamb after 11
days. Water and a mineral supplement were
provided free-choice 1o both drylot and
grazing animals. In 1996, the hay group of
lambs received 0.45 kg ground alfalfa
hay/head/day.

Important dates are shown in Table I.
Second crop planting date, over the 7 years,
varied from July 17 to August 12 . Grazing
of second-crop brassicas was initiated as
early as October 6 and as lare as November
19. Lambs grazed uncil January 6 in 1987.
On December 14, 1994, and on January
15, 1996 (1995 study), lambs were slaugh-
tered at a commercial packing company.
Warm carcass weights, yield grades, and fat
depths were obtained. Dressing percent-
ages were calculared as warm carcass
weights divided by final pasture or feedlot
weight.

Forage analyses.

Forage dry matter was determined with
samples hand clipped from three random
locations within cach 0.2-ha plot. After
grinding in a Wiley mill (1-mm screen},
forage composition was determined accord-
ing 10 A.O.A.C. (1975} procedures for all
components, except for acid detergent fiber
{(ADF), neutral detergent fiber (NDF) and
in vitro dry marter disappearance
(IVDMD)}, which were determined accord-
ing to the procedures of Goering and Van
Soest (1970, ADE NDF) and Tilley and
Terry (1963, IVDMD). Forage yields were
estimared from six 0.5 m2 samples of forage
per pasture taken at the start of the grazing
period.

Statistical analysis.

A randomized complete block design was
used with all studies, except in 1992.
Unreplicated blocks were sampled and
grazed in 1992 due to poor overall growth
of wurnips and radishes. Data (except in
1992) were analyzed with procedures of
SAS (1989}, Treatment means were separat-
ed using LSD procedures when the effect of
treatment was significant (P<(.05).

Results

Effect of planting date.

Planting date is probably the biggest factor
in the productivity of turnips and other
brassicas. Fach day delay in planting results
in a significant decline in dry matter accu-
mulation, Average second crop planting
date for the 14 plantings in Wyoming since
1986 was July 29 (July 17 to August 12),
July plantings of turnips averaged 3900 and
August plantings averaged 2500 kg dry
matter/ha. Decline in production for each
week delay in planting after July 20 aver-
aged 700 kg/ha or about 25% of potential
productivity per week. Thus, yield from an
August 15 planting will likely be half thar
of a July 20 planting.

Turnips vs other brassica (tyfon, rape, radish-
es and beet taps) production.

Turnips were as productive as other brassi-
cas, even though as much as half of the pro-
ductivity in late fall was in the fleshy roots
(Koch, 1995). Whereas pethaps 25% of
turnip fleshy roots are aboveground, the
bulk of roots are ungrazed, unless roots are
mechanically removed before the ground
freezes. Roots thar ate frozen solid and sub-
sequently thaw soften and deteriorate rap-
idly. The grazing value of leafy growth, as
long as it is not matted to the gtound, will
be preserved longer than that of roots.

In 1986 and 1987, turnip variety Green
Globe was compared with tyfon, Shoot
{top) growth was greater for tyfon; howev-
er, fleshy root growth was greater for Green
Globe turnips (Table 2). Tyfon produces
small fleshy roots, compared with turnips.
In 1987 (Swudy 1), sugar beet tops provid-
ed a similar number of lamb grazing days,
gain per animal and gain per hectare as
wrnips and tyfon (Table 3), even though
sugar beet tops were fower in crude protein
(CP) and IVDMD and higher in NDF
(Table 4).

Turnips and radishes were compared in
1992, 1994 and 1995 (Table 2). In 1992,
yields of both species were low due to low
soil ferility, In 1994 and 1995, radishes
produced about 1260 kg/ha more shoor or
top growth than turnips; however, turnips
produced as much fleshy root growth as
tops {2.92 vs 2,56 tons/ha for roots and
tops, respectively}). Delayed grazing results
in a translocation of dry matter from tops

to roots, as shown in 1994 from Qctober to
November.

Tilled vs no-sill seedbed,

In previous studies, turnips were more pro-
ductive when planted into a tilled seedbed
than when no-till planted (Koch, 1990).
Ar Torrington {(Wyoming) R&E Center,
turnips planted July 29 into a tilled scedbed
yielded nearly 5600 kg/ha of tops and
fleshy roots, whereas turnips drilled into
barley stubble produced nearly 4500 kg/ha.
Most of the difference in production was in
fleshy root growth. The 20% lower produc-
tion with stubble planting is less than the
average loss in production from a delay of
one week in planting turnips. It may
require a week, or more, to prepare a clean
tilled scedbed, offsetring the advantage of
clean tillage. A tilled seedbed is also more
expensive and leaves no straw and generally
no volunteer growth. For this reason, it may
be desirable to supply high-fiber hay or
other dry forage to animals grazing brassi-
cas grown on a tilled seedbed.

Forage availability and utilization.

Five to 8 metric tons/ha of forage (dry mar-
ter) were available in all years except 1992,
when production was poor due to low soil
fertility (Table 2}. One-half to more than 1
metric ton/ha of the total forage available
was high-fiber regrowth of a previous crop
and/or straw. In 1994, a typical year,
between 85 and 90% of wrnip and radish
tops were consumed {Table 5). About half
of turnip roots were utilized, even though
roots were not removed from the ground.
An estimated 1/3 of the roots of turnips
grew above ground. Very few radish roots
were consumed by lambs. More than 90%
of regrowth {mostly oats) and more than
half of the straw was consumed.

Brassica forage quality.

Over four different studies, turnip tops
sampled in October averaged 13.1% (CP),
but ranged from 11.5% in 1994 o 17.7%
in 1991 (Table 4). Turnip roots averaged
10.0% and varied from 7.2 w 13.2% CP.
By comparison, radish tops tested an aver-
age 11.9% CP (2 years) and sugar beet tops
tested 8.8% CP (one year only). In 1992,
a year when fertility was low, the CP of
turnips was 7.2% (dara not shown}, clearly
indicating an N deficiency. Over about 6
weeks (early October to mid-Novembert),
turnip tops and roots lost 3.4 and 1.1 per-
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centage units of CP, respectively. In 1991,
CP content of turnip tops declined from
17.7% on October 3 to 10.9% on January
6. Turnips were sampled just before being
grazed. Crude protein content varied much
more from study to study than other forage
quality components. The relatonship
between brassica forage quality and soil
nitrogen fertility and nitrogen fertilization
was not studied.

The NDF content of turnip tops and roots
averaged 23.8 and 20.9%, respectively,
(Table 4) compared with an expected 40%
NDF with alfalfa in late bud-early flower.
Sugar beet tops were about 10 unics higher
(34.5% NDF) than turnip tops in 1987,
There is an inverse relationship berween
NDF and animal intake of forage. The
ADEF content of turnip tops and roots aver-
aged 19.8 and 17.2%, respectively. This
compares with an expected ADF of high-
quality alfalfa of 30% ADE Sugar beet top
ADF content in 1987 was 23.9%. There is
an inverse relationship between ADF and
digestibility. Turnips would be expected to
be quickly digested in the rumen.

The IVDMD content of turnip tops and
roots wete high, averaging 85.7 and 86.4%.
This is related to the low fiber content of
tops and roots. Beet top IVDMD in 1987
was 80.4%. In 1991, ADF and NDF of
turnip tops increased abour four units each
from October 3 to0 January 6 and IVDMD
declined about seven units during the same
period; however, forage quality was still rel-
atively high on the latter date. In 1994 and
1995, radish tops sampled on the same
dates were similar to turnip tops in all for-
age quality components, indicating thae
radishes should be a good substitute for

" " turnips on land whcre the latter should not
be grown

Iﬁ 1994 cstamatcd availabll'try of total for-
age was about 8 metric ons/ha of dry mar-
ter. - Overall, about 2/3 of the total forage
was consumed: Top growth of both' turnips
'd 'radishcs was more than 87% utxhzed

Lamb performance on turnips.

Turnips were evaluated in seven lamb graz-
ing trials (Table 3}. One hundred ninety-
one fambs grazed a total of 4690 days.
Over all studies, average daily gain (ADG)
of lambs was 0.183 kg, Greatest gain was
in 1990 (0.25 kg/day) when fambs grazed
turnips planted after plow down of alfalfa.
The comparative gain of drylot lambs dur-
ing the same 39-day grazing period was
0.23 kg/day. Least gain on turnips was in
1994 (0.13 kg/day). In 1994, lambs
remained fonger on paddocks relative to the
amount of forage available than in other
years, utilizing more than 88% of turnip
tops (Table 3), compared with about 75%
in previous years. Gain at the midpoint (35
days) was 0.16 kg/day in 1994. Average
gain for lambs grazing turnips was 308

kg/ha.

In most years, turnips grow uncil early
October. Fields planned for early-planted
crops the next year (barley, beets) can be
grazed first, so that ficlds can be fall dlled.

Turnips vs other forages.

Lamb gains/ha were similar for grazed
turnips and tyfon in1986 and 1987; similar
for turnips and sugar beet tops {1987); and
similar for turnips and radishes in 1992,

1994 and 1995 (P>0.035) (Table 3).

Well-fertilized and irrigated turnips and
other brassicas should carry an average of
50 lambs/ha for 30 days. Carrying capaci-
ty for 50 lambs declined from 37 days/ha
with July scedings (average July 21 planting
date} to 29 daystha with August seedings
(average August 6 planting date). Actual
carrying capacity depends on amount of
forage and size of lambs.

Grazing turnips vs drylot.

With periods of less than 1 month,
liveweight gains were greater for lambs
grazing turnips and other forages {data not
shown) than for drylot-fed lambs. Lambs
with previous grazing experience, as in
these studies, needed no adjustment to
turnips and other forages, even though they

- were. 1'1‘101'8 SU.CCU.lGl'lE, in most cases than

ove. previously grazed forages. Until they were

- on full feed, drylot lambs gained less per
day' than pastured lambs.

Averaged over
four years, lambs grazing turnips for 39

- days gained 0.18 kg/day, and drylot lJambs

gamed 0.20 kg/day (Table 3). After 35-40

days, rate of gain on turnips and other
grazed forage decreased, whereas rate of
gain in drylot increased.

Effect of previous crop.

Greatest lamb gains per day and per hectare
were on turnips planted following plow-out
of aged alfalfa stands (0.25 kg/day and 419
kg/ha in 1990 and 0.21 kg/day and 439
kg/ha in 1996). Part of the reason for the
greater gains was the earlier planting of
turnips and greater production of dry mat-
ter, Turnips were planted on July 23 and
July 17 in 1990 and 1996, respectively.
Although turnips were planted into a tifled
seedbed in 1990 and 1996, in contrast to
planting into stubble in other years, previ-
ous studies showed little difference in yield
for turnips planted into tilled seedbeds and
turnips seeded no-till into stubble.

Effect of fiber.

As previously mentioned, providing fiber in
the form of hay to lambs grazing succulent
pasture, such as turnips and other brassicas,
may improve performance. In these stud-
ies, turnips and other fall-prazed forages
were planted into stubble of the previous
ctop. Estimated average stubble was 1200
kg/ha, In 1996, turnips were planted into
a cean-titled seedbed. One group of lambs
grazed turnips as the sole diet, while the
other group of lambs grazed turnips and
was fed 0.45 kg ground alfalfa hay/head
daily. Both groups of lambs gained 0.21
kg/day (Table 3), indicating that additional
fiber was not necessary for the 48-day dura-
tion of this study, contrary to the results of
Lambert et al., 1987,

Effect of parasite treatments.

In 1990, two parasite treatments were com-
pared. Half of each group of lambs (54)
were treated with either Ivomec® or
SafeGuard®. Average daily gains for
Ivomec- and SafeGuard-treated lambs were
0.227 and 0.22 kg/day, respectively, and
did not differ (P>0.05).

Effect of turnip grazing on later drylot gains.
Groups of lambs grazed either turnips or
radishes for 10 weeks in 1994 and 12 weeks
in 1995; other groups grazed turnips or
radishes for 5 weeks (1994) and 6 weeks
(1995) and were transferred to a drylot diet
for the remaining 5 or 6 weeks. An addi-
tional group of lambs received a feedlot diet
for the full 10 or 12 weeks (Table 1).
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During the initial 5-week grazing period in
1994 and G-week period in 1995, lambs
that grazed radishes and turnips gained
similarly (0.13 to 0.17 kg ADG) {data not
shown). Lambs on a feedlor diet had the
best ADG for 10 weeks (0.23 kg) and
lambs grazing turnips and radishes contin-
uously for 10 weeks in 1994 had the poor-
est ADG (0,12 t0 0.13 kg). In 1995, lambs
continuously grazing turnips or radishes for
12 weeks and lambs in the feedlot for 12
weeks performed similarly (0.15 to 0.17
kg/day). Lamb gains in the feedlot (0.15
kg/day) were lower than usually obtained.
Also, lambs grazing turnips and radishes
gained better in 1995 than in 1994, possi-
bly because of larger grazing areas in 1995.
Lambs transferred to the feedlot after graz-
- ing turnips or radishes for 10 weeks in 1994
or 12 weeks in 1995 performed similarly to
fambs continuously in the feedlot {data not
shown).

Effect on carcass characteristics.

Carcass weights were greater for feedlot
lambs than for lambs grazing radishes and
turnips for 10 weecks in 1994 (Table 6).
There were no differences among carcass
weights in 1993. Dressing percentage was
greatest with fambs in the feedlot and least
with lambs grazing turnips in 1994. In
1995, dressing percentage was greater than
50% for continuous feedlot lambs and less
than 50% for lambs grazing continuously.
Yield grade and fat depth of fambs in the
feedlot were greater than for lambs that
grazed turnips in 1994; however, there were
no differences in 1995. Lambs grazing
turnips and radishes, without a concen-
trate, produced acceptable market size and
carcass grade but they required more time
than feedlot fambs to reach similar weighe.

The tendency for less fat, as with grazed
lambs, is increasingly desired by consumers
and the delay in reaching market weighe, as
with brassica grazing, might also be a bene-
fit if as a result lambs are marketed off-peak
season. Estimated cost of growing and graz-
ing turnips and other brassicas is $220 to
$250/ha, resulting in $0.72 o $0.79/kg of
gain. Utilizing even a portion of the other-
wise fallow acreage of irrigated small grains
to grow and graze brassicas could result in
significant value added 1o the lamb crop
each year.
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i | Téb]'e 1. Agronomic and animal data for grazing studies conducted at the Powell Research and
Extenswn Center, 1986-1995.
e Year 1986 1987 1987 1990
Previous crop Barley Flatpea Sﬁgar beets Alfalfa
(silage) (silage)
Planting date July 23 Aug4 May 10 July 23
Varieties Green Globe Green Globe Emerald rape; Green Globe
turnip; tyfon tumip; tyfon Stock beets turnip; Emerald
rape
Weed control, /ha  Roundup®, Paraquat®, 1.17 Treflan®, 1.75 Treflan®, 1.75
1.75
Fertilizer, N-P-K,  112-0-0 - 112-0-0 280-100-0 140-84-0
kg/ha
Tillage Stubble seeded  Stubble seeded  Fall plowed Plowed following
first cutting of
alfalfa
Irrigation 2x 4x 4x 3x
Treatment Turnips; tyfon; Turnips; tyfon; Rape; stock beets Rape, full season;
comparisons drylot sugar beet tops rape, following
alfalfa; turnip
following alfalfa
Design’ RCB RCB RCB RCB
3 groups of 10 3 groups of 8 3 groups of 10 3 groups of 9
Grazing period Oct24-Dec1  Nov4-Jan. 6 July 28-Sept 28  Nov 9-Dec 18
Sheep & Goat Research Journal, Vol. 17, No. 2: 2002




Year 1992 1994 1995 1996
Previous crop Barley (grain)  Pea-oat (silage) Pea-oat (silage)  Alfalfa (hay)
Planting date Aug 12 July 20 Aug 02 July 17
Varieties Green Globe Purpletop turnip; Purple top turnip; Purpletop turnip

tumnip; Adagio  Adagio radish  Adagio radish
radish
Weed control, Vha Poast® (1.75)+ Roundup®, 1.75 Roundup®, 2.35 Roundup® + 2,4-
crop oil conc. D, 1.2 each
(2.4)
Fertilizer, N-P-K, 112-0-0 67-0-0 84-56-0 112-0-0
kg/ha
Tillage Stubble seeded Stubble seeded  Stubble seeded  Plowed following
first cutting of
alfalfa
Irrigation 2x 3x 3x 4x
Treatments Tumip; radish  Continuous radish and turnip Turnips; turnips
grazing; radish and turnip grazing,  + hay
followed by feedlot; continuous
feedlot
Design’ Unreplicated ~ RCB RCB RCB
3 groupsof 10 3 groups of 10 3 groups of 10
Grazing period Nov 19-Dec 15  Oct 6-Dec 14 Oct 24-Jan 15 Oct 30-Dec 17
‘Randomized complete block.

Sheep & Goat Research Journal, Vol. 17, No. 2: 2002

............. e AR




o ._::; Table 2; Estimated availability of brassicas and other forages.

Seeded species Previous
Seeded Sampling crop Total
forage date Shoots Roots regrowth' Straw® forage
metric tons d.m./ha

Turnip  Oct 1, 1986 388a 1.80 0492 0.67 6.84a
Tyfon  Oct 1, 1986 429a - 0.56 a 0.67 5520
Tumip  Nov 4, 1987 3410 2.69 0.61a 0.67 7.38a
Tyfon  Nov4, 1987 543a - 0.54a 0.67 6.642a
Tumnip  Oct 23, 1992 1.14 0.67 047 0.45 273
Radish  Oct 23, 1992 1.77 - 0.18 0.45 2.40
Radish  Oct 6, 1994 474 a 1.35b 0.92b 0.90 791a
Turnip  Oct 6, 1994 3430 247 a 1.30a 0.90 8.10a
Radish  Nov 15, 1994 373a 1.80b 0.88b 0.90 731a
Turnip  Nov 15, 1994 1.84 b 427a 1.32a 0.67 810a
Radish  Oct 18, 1995 299a 1.12b 0.74 a 1.35 6.20a
Turnip  Oct 18, 1995 220b 202a 083a 1.12 6.17a

Means within columns and years with common letters do not differ, P>0.05. The 1992 study
was unreplicated.

! Barley, flatpea, barley, and pea-oat regrowth or volunteer for 1987, 1992, 1994 and 1995,
respectively.

? Dead stubble from the previous crop.

8 ‘ Sheep & Goat Research Journal, Vol 17, No. 2: 2002




Table 3. Live weight gains of lambs grazing turnips and other forages.
Lamb
No.of No.of Initial Final Average galn grazing
Grazing trial  lambs  days weight weight perday perha days’ha
kg
1986
Tumnips 30 38 347 41.4 0.18a 389a 2198
Tyfon 30 38 34.7 421 020a 419a 2198
Drylot 30 38 347 420 0.19a - -
1987
tudy 1:

Turnips 24 41 34.5 43.3 021a 360a 1680
Tyfon 24 41 34.9 43.3 020a 335a 1680
Sugarbeet tops 24 41 353 434 020a 333a 1680
Study 2:
Rape, full- 30 62 334 46.3 021a 6l6a 2954
season
Stock beets, 30 48 334 39.4 0.13b 301b 2324
full-season
1990
Rape, full- 27 39 34.6 417 0.19b  308b 1680
season
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Lamb
Average gain
No.of No.of  Initial Final grazing
Grazingtrial  lambs  days weight weight perday perha days’ha
Rape, 27 39 329 429 0.26a 370a 1680
following
alfalfa
Tumips, 27 39 35.8 456 025a 419a 1680
following
alfalfa
Drylot 13 39 346 43.7 023 a . -
1992
Tumip 20 26 39.6 432 0.14 87 622
Radish 20 26 38.0 42,6 0.18 110 622
1994
Radish' 15/30  35/70 38.7 473 0.14b 22l1a 1588
Tumip' 15/30  35/70 38.8 475 0.13b 206a 1549
Drylot 30 70 39.0 54.9 023a - -
1995
Radish? 15/36 42/84 37.7 44 1 0.15a 300 a 1974
Turnip® 15/30 42/84 375 43.6 0.14a 32ta 1074
Drylot 30 84 374 439 0.15a - -
1996
% Tumip 35 48 36.1 46.3 021a 439a 2075
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Lamb

) Average gain
No.of No.of Initial Final grazing

Grazing trial lambs days weight weight perday perha days/ha

Turnip with 35 48 36.6 46.9 021a 445a 2075

hay

130 lambs for 35 days; 15 lambs for 70 days.

2 30 tambs for 42 days; 15 lambs for 84 days.

Means within years and studies with the same letter are not significantly different (P>0.05), The

1992 study was unreplicated.
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. Table 4. Forage nutritive value of turnips and other forages.

Component
year L date Seeded species CP ADF NDF  IVDMD
%, ¢.m. basis
1987 Oct 14 Turnip tops 11.0 ab 251a 240b 89.7a
Tyfon tops 93bc 232a 233b 87.6a
Beet tops 88c¢ 239a 345a 804b
1991 Oct 3 Tumnip tops 17.7a 209b 227¢ 90.4a
Nov 26 Turnip tops 155b 236a 25.1b 86.6 ab
Jan 6 Turnip tops 109 cd 246 a 269a 83.4b
Oct 3 Turnip roots 132¢ 237 a 2490 85.7b
Nov 26 Turnip roots 11.1cd 240 a 254 ab 82.8b
1994 Oct 6 Radish tops 127 a 185a 249 ab 80.0d
Turnip tops 11.5a 17.1 ab 23.0 ab 81.2cd
Turnip roots 72b 127 ¢ 178¢ 880a
Nov 15 Radish tops 83b 180ab 2572 83.4 bed
Turnip tops 70b 16.6b 22.7b 84.2 be
Turnip roots 7.1b 13.1¢ 18.1c¢c 86.5 ab
1995 Oct 18 Radish tops 11.0 ab 188a 263a 858a
Turnip tops 12.1a 155b 223b 859a
Turnip roots 9.6b 124 ¢ 183 ¢ 8.1a

CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; IVDMD = in

vitro dry matter disappearance.

Means within a column and year followed by the same letter are not significantly different.
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Table 5. Estimated utilization of available forages®.

Seeded Seeded species

Year species Tops Roots?  Regrowth Straw Total

) Availability, kg/ha
1994 Turnip 2082 1981 747 1217 6027
Radish 2972 1167 702 1145 5986

Utilization, ke/ha
1994 Tumip 1838 1052 681 684 4255
Radish 2585 50 646 670 3951

i Utilization, %

1994 Turnip 88.3 53.1 91.2 56.2 70.6
Radish 87.0 43 92.0 58.5 66.0

There were no significant differences (P>0.05) between turnip and radish means.

'Weeds (<390 kg/ha) were not included.

?Fleshy roots only,

Table 6. Carcass characteristics of turnip-grazed lambs in comparison to radish-grazed and

drylot-fed lambs.
Dressing Carcass Yield
Year Species/feed percentage weight grade Fat depth
kg cm
1994 Radish, 10 weeks 48.1b 2270 1.8 ab 0.13 ab
Turnip, 10 weeks 46.5b 21.8b 1.5b 0.10b
Drylot, 10 weeks 500a 267 a 22a 0.18a
1995 Radish, 12 weeks 48.8b 242a 15a 0.10a
Turnip, 12 weeks 48.8b 246a 1.7a 0.13a
Drylot, 12 weeks 50.1a 253a 16a 0.13a

Means within years and studies with the same letter are not significantly different (P>0.05).
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Effects of Prenatal Shearing of Ewes on Birth Weight and
Neonatal Survivability of Lambs

S.J. Falckl, G.E. Carstens2 and D.E. Waldron?

Summary

A three-year study was conducted with a
flock of mixed-aged Rambouitlet ewes to
determine the offect of late-gestation shear-
ing on lamb birth weights (N = 480) and
survival rates during the neonatal period in
typical West Texas conditions. Fwes were
randomly assigned, within sire family and
year of birth, to one of two shearing treat-
ments, prenatal shorn or unshorn. The
ewes remained on the same treatment for
all 3 years. The prenatal shorn ewes were
shorn in early January, 2 1o 54 d prior to
lambing (mean = 20 d}. The unshorn ewes
were shorn after lambs were an average of
96 d old. Lamb survival rates were analyzed
using a model that included fixed effects of
shearing, year, sex of lamb, type of birth,
age of dam, significant interactions, and
linear and quadratic effects of birth weight
and ambient minimum temperature on the
day of birth. Lamb survival rates were not
affected by age of dam, but were lower (P <
.02) on day 3 for tripler compared to twin
and single fambs (74.3, 88.0 and 89.2
5%, respectively). A significant interaction
between sex of lamb and shear treatment (P
< .05) was found for lamb survival. Male
lainbs from shorn ewes had 12% lower (P <
.01} survival rates at one day of age than
male lambs born to unshorn ewes, whereas,
survival rates of female lambs was not
affected by prenaral shear treatment. Lamb
birth weight ranged from 1.6 to 7 kg and
was not affected by shear treatment (P »
.5). Lamb survival rates increased quadrat-
ically as both birth weight (P < .05)
increased and as minimum temperature on
day of birth (P < .01) increased. Predicted
lamb survival rates at 3 days of age for 3, 4,
5, and 6 kg birth weight lambs were 81.7,
91.0, 95.0 and 94.0 + 4%, respectively.

Predicted lamb survival rates at 3 days of
age for minimum temperazures at lambing
of -7, -1 and 4° C were 72.1, 88.8 and 93.5
+ 5%, respectively. The results of the pres-
ent study demonsteate thae prenatal shear-
ing of Rambouillez ewes 20 d prior to
tambing in typical West Texas conditions
did not increase birth weights or improve
survival rates of neonatal lambs.

Key words: birth weighr, lambs, shearing,

survivability

Introduction

Lamb deaths represent a considerable eco-
nomic loss to the sheep industry each year.
A 1996 USDA report estimated that 9.4%
of lambs born alive died prior to weaning,
In Michigan flocks, Rook (1989) reported
mortality rates of 15 to 20%, and found
thar the majoriry of these deatbs occurred

within the first thtee days of life,

Simpson (1995) found that weather related
causes were responsible for 40.5% of the
lamb deaths, with only predator losses
accounting for a greatet proportion of lamb
deaths, Weather losses include deaths from
lightning, drowning, and chilling. Other
post-mortem studies suggest that 30% of
all neonatal deaths may be the result of
hypothermia, starvation, or the combina-
tion of the rwo (McCurtcheon er al,, 1981),
Hypothermia and starvation share physio-
logical mechanisms and each condition
may comtribute to the other. Lambs in a
cold environment must increase heat pro-
duction to avoid hypothermia. This
increased heat production depletes body
reserves and can lead to starvation unless
the lamb receives adequate energy from
nursing.  As lambs become hypothermic

their ability to suckle is impaired. Failure
to suckle, whether from mismothering,
central nervous system injury due ro dysto-
cia, or discomfort will result in starvation,
thereby contributing to hypothermia as
lambs have less energy to utilize for heat
production. This phenomenon has been
called the starvation-exposure syndrome

(McCurtcheon et al., 1981),

In a study conducted in Nebraska, Azzam
et al. (1993) examined the effects of envi-
ronmental conditions on neonatal catf mor-
tality rates. They reported that morrality
tates of non-dystocia calves born in a dry
environment increased from less than 4%
at 30° C to over 18% when the ainbient
temperature was -20° C.  Precipitarion
amount on the day of calving also negative-
ly affected calf mortality rates, particularly
at lower temperatures. Azzam et al. (1993)
also found that calves with low birth
weights {< 1.5 SD below the mean) had
much higher mortality rates than heavier
calves, Low birth weighr lambs are also
much more susceptible to death during the
neonatal period than heavier lambs.
Alexander and McCance (1958) reported
that the rectal temperatures of lambs that
died within 72 h of birth were significantly

1 Deparrment of Animal Science, Texas
A&M University, College Station,
TX 77843-2471.

2 To whom correspondence should be
addressed: Department of Animal
Science, Texas A&M University,
2471 TAMU, College Station, TX,
77843-2471; Phone: 979-845.5065,
Fax: 979-845-5292, e-mail:
g-carstens@ramu.edu

3 Texas Agricultural Experiment
Station, San Angelo, TX
76901-9782
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lower at 6 h of age than the temperatures of
lambs that sarvived.

Management practices thar are able o
reduce the incidence of low birch weights of
lambs will likely increase lamb survival
rates, Rurrer er al, (1971) demonstrated
that shearing pregnant ewes 7 weeks prior
to parturition increased lamb birth weights
by 16% compared with unshorn ewes.
Morrality rates also decreased from 35.8%
in lambs born to unshorn ewes to 18.5% in
lambs born to shorn ewes. Thompson et al.
{1982) found thar lambs born to shorn
ewes and exposed to cold temperatures (1
to 6* C) for 5 weeks prior to lambing were
27% heavier than lambs born to unshorn
ewes and exposed to warmer ambient tem-

peratures (15° C).

A number of studies conducted outside of
the United States have examined the effects
of prenatal shearing on lamb survival rates.
The objective of this experiment was to
determine if shearing pregnant ewes during
late gestation would increase birth weight

and improve lamb survival in a West Texas
Rambouiller flock.

Materials and Methods

A three-year study was conducted with a
flock of mixed-aged Rambouiller ewes.
Prior to mating in the first year of the
study, ewes were randomly assigned, within
sire family, and year of birth to one of two
shearing treatments. The treatments con-
sisted of shearing prior to lambing (prenatal
shorn ewes) and shearing after lambing
{(unshorn ewes). The ewes in the unshorn
group were tagged (sheared around udder
and between rear legs) on the same day as
the prenatal shearing group was shorn. The
ewes in the prenaral shorn treatment were
shorn in January each year an average of
20.1 + 12.6 d prior to lambing, whereas,
the unshorn ewes were not shorn until
April, 962 £ 15.1 d after lambing. As
young ewes were added to the flock each
year they were assigned to a shearing treat-
ment prior to mating. Once assigned to a
shearing treatment, ewes were kept on the
same treatment in subsequent years so that
a 12-month fleece was produced. There
were a total of 276 parturitions over the
three-year petiod resulting in 480 lambs,
The average body weight of the ewes ar
time of mating was 60.2 + .6 kg.

110 -
Lambs from unshorn ewes
1004 B Lambs from shorn ewes
N
g
8 904
=
2
E 804
wn
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60
Female
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Figure 1. The effect of prenatal shearing on day-1 survival rates of female and male lambs.
The prenaral shearing x sex of lamb interaction was significant (P < .05).

Upon shearing of the prenatal shorn ewes
in January, both groups were housed in a
common pen (45 x 90 m) with access to a
three-sided shed. While housed in this pen,
ewes were fed a diet consisting of 30%
sorghum grain, 40% peanut hulls, 16.5%
cottonseed meal, 8% molasses, 3% salt, 1%
calcium carbonate, 1% urea, and 0.5%
ammonium chloride. Ewes and lambs
remained in this pen until lambs were 7 to
14 days of age, at which point they were
retutned to pasture.

Data collected ar lambing induded lamb
birth weight, sex, type of birth {single,
twin, or triplet), and age of ewe. Minimum
and maximum temperatures on the day of
birth were also recorded. Lamb survival
was observed for up to 7 days of age. Data
were analyzed using general linear mode]
procedures in SAS (1996) to examine fac-
tors affecting birth weights. Variables in the
model were shearing treatment, year, sex of
lamb, cype of birth, and age of dam. The
age of dam was categorized as 2-yr-olds, 3-
to 5-yr-olds ox 6- to 7-yr olds. All interac-
tions were examined in initial models and
remained in the final model if P < 0.2, but
there were no significant interactions in this
model.

Survival rate on day | was coded as 0 if a
lamb died at birth or during the first day of

life or 1 if the lamb survived through the
first day of life. Lamb survival rates
through days 3 and 7 were likewise coded.
This model included shearing trearment,
year, sex of lamb, type of birth, and age of
dam. The interaction of shearing treatment
¥ sex of lamb had a P < .20 so it was also
utilized in the model. In additon, linear
and quadratic effects of day-of-birth mini-
mum temperature and birth weight were

included in the modei.

Results and Discussion

The average litter size was not aftected by
shearing treatment (1.69 and 1.74, for
unshorn and shorn, respectively). Age of
dam affected litter size. The 2-yr-old ewes
had smaller litters (P < .01} than did the 3
to 5-yr-old or 6 to 7-yr-old ewes (1.53,
1.81, and 1.79, respectively).

Type of birth significantdly affected the birth
weight of lambs (Table 1). Single lambs
were 22.5% heavier than twin lambs (P <
.001), and twin {ambs were 17.8% heavier
than tripletr lambs (P < .001). Survival rates
for triplet lambs were lower (P < .05) on
days 1, 3, and 7 compared to single and
twin lambs. Yapi et al. (1992) found a pos-
itive correlation berween litcer size and
lamb mortalicy, which is probably due to
heavier birth weights (McCutcheon et al.,
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Figure 2. The effect of minimum temperature on the day of lambing on survival rates of

lambs at 1, 3 and 7 days of age.
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Figure 3. The effect of birth weight on lamb survival rates.

1983) and increased cold resistance {Stoct
and Slee, 1987) of single lambs compared
to twin and triplet lambs. Despite finding
that twin lambs were lighter than single
fambs, no differences in lamb survivability
between single and twin lambs were found

in chis study.

Minimum temperature on the day of lamb-
ing had a significant (P < .01) quadratic
effect on survival rates for day 1, day 3, and
day 7 (Figure 2). The optimum minimum

temperature range was from 4 w 6° C. As
temperatures fell below 4° C there was a
decline in lamb survival rates. Compared
to survivability ac 4° C, survival rates
declined 5% when temperatures decreased
to -1° C and 23% when temperatures
decreased to -6° C.

Lamb birch weight had a significant quad-
ratic effect on famb survival rates on day 1
(P < 0.01) and also tended to affect survival
rates on day 3 (P = .06) and day 7 (P < .10).
The effect of lamb birch weight on survival
rate is illustrated in Figure 3. There was a
9% reduction in day-1 survival rates when
birth weights decreased from 4 to 3 kg, and
a 30% reduction when birth weights
decreased from 4 to 2 kg, Similar effects
were noted for survival rates on days 3 and
7. At heavier birth weights, survival rates
declined slightly, reflecting possible compli-
cations from dystocia. Gama et al. (1991)
found that birth weight was the best pre-
dictor of lamb mortality races.

Age of dam had a significant effect on famb
birch weights (Table 2). Lambs from the 6
to 7-yr-old ewes were 4.7% heavier than
lambs from 3 to 5-yr-old ewes and 14.1%
heavier than lambs from 2-yr-old ewes. Age
of dam was not a significant factor affecting
survival on days 1, 3, or 7. This corre-
sponds with Hanrahan (1986) who found
no effect of ewe age on lamb survivabiity
when adjusted for licter size.

Regardless of prenatal shear treatment, the
majority of lamb deaths for 7 d mortality
rates occurred within che first day of life.
Deaths within the first day of life account-
ed for 61.8 and 53.4% of the 7 d mortality
rates of prenatal shorn and unshorn treat-
ments, respectively.

Lamb birth weight was not affected by pre-
natal shear treatment (Table 2). There was
a significant interaction between prenatal
shear treatment and sex of lamb for survival
rates on days 1 (P <.05), 3 (P <.01),and 7
(P < .01). Prenatal shearing did not affect
day 1 survival rates of female lambs, how-
ever, male lambs born to shorn ewes had
lower (P < .01) survival rates than male
fambs born to unshorn ewes (Figure 1}
This was also the case for day 3 and 7 sur-
vival rates. The possibility was considered
that prenatal shearing increased birth
weights of male but not female lambs,
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thereby increasing the incidence of dystocia
in male lambs. This was not likely the case,
however, since the interaction between pre-
natal shear treatment and sex of lamb for
birth weight was not significant (P > .25).
Moreover, previous studies have not report-
ed significant interactions between sex of
lamb and prenatal shear treatment for lamb
birth weights or survival rates. The finding
that male lambs born to shorn ewes had
lower survival rates than male lambs born
to unshorn ewes is contrary to results from
previous studies (Table 3). Further inspec-
tion of the records provides insight into the
significance of the sex of lamb and prenaral
shear trearment. The mean survival rate for
the 480 lambs was 88.5 %. The survival
rates for female lambs were 87.6% and
86.8% for shorn and unshorn ewes, respec-
tively. The survival rates for male lambs
were 82.4% and 96.1% for shomn and
unshorn ewes, respectively, There were 5
male fambs in the unshorn group that died.
Therefore, it appears that the significance
of the interaction was due to an unusually
high survival rate for male lambs born to
unshorn ewes. In those studies that have
reported beneficial effects of prenatal shear-
ing on lamb survivability it was also found
that prenatal shearing increased birth
weights. Therefore, the lack of a positive
prenatal shearing effect on lamb survival in
the present study is not surprising given

that birth weight was also not affected.

One possible explanation as to why prenatal
shear treatment did not increase birth
weight or improve survivability of lambs in
this study, is that the time interval from
shearing to lambing may not have been
long enough. Only 5 of the 17 studies
reviewed in Table 3 reported no effect of
prenatal shearing on famb birth weight. In
these five studies, the time interval from
prenatal shearing to lambing was only 21 to
36 d, whereas, in the studies that reported
an increase in birth weight due to prenatal
shearing , the length of time from shearing
to lambing was typically greater than 40 d.
Two studies specifically examined the effects
of length of time from shearing to lambing
on birth weights (Black & Chestnutt, 1990;
Morris & McCutcheon, 1997). In these
two studies, the smallest increases in birth
weight due to prenatal shearing occurred
when the time interval from shearing to
lambing was less than 40 d (Table 3). In
support of this observation, Shelton et al.

Table 1. Effects of sex of lamb and type of birth on lamb birth weights and
survival rates.

Birth wmsnmmmmmmme e SUrvival Rate?----meeeoeeeeee

Factor Weight* Day 1 Day 3 Day 7
Sex of Lamb ‘

Female (n=250) 346 38.1 g3.1 82.1

Male (n=230) 374 90.2 84.5 80.6

SE 05 22 2.1 29

P-Value 001 39¢ 65° .66°
Type of Birth

Singles (n=93) 4.30 94.6 89.2 87.5

Twins (n=324) 3.51 93.5 88.0 83.6

Triplets (n=63) 298 79.3 74.3 729

SE .08 38 47 5.1

P-Value 001 .01 02 .09

aBirth weight of lambs, kg.

*Lamb survival rates: percentage of lambs alive after the Ist, 3rd or 7th day of age.
“Sex of lamb x shear treatment was significant for lamb survival rates (see Figure 1 and text),

Table 2. Effects of prenatal shearing treatment and age of dam on lamb birth
weight and survival rates.

2571 1) JR— Survival Rate"---—n-rnmwwemne-

Factor Weight' Day 1 Day 3 Day 7
Shear Treatment

Prenatal Shorn (n=231) 3.58 86.9 313 78.8

Unshom (n=249) 3.61 914 86.4 83.9

SE 05 2.1 2.6 29

P-Value .50 .06 09 A1
Age of Dam

2-yr-olds (n=102) 3.34 86.3 83.5 79.2

3 to 5-yr-olds (n=299) 3.64 28.8 84.1 83.1

6 to 7-yr-olds (n=79) 3.81 92.4 33.9 81.8

SE 07 3.1 39 4.2

P-Value .001 32 .99 .67

*Birth weight of lambs, kg.

*Lamb survival rates: percentage of lambs alive after the Lst, 3rd or 7th day of age.

(1981) found that the percent lamb crop
marked at weaning was significantly higher
in lambs born to ewes that were shorn three
to four months prior to lambing (111%)
compared to lambs born to ewes shorn
approximately one month prior to lambing
(91%) or lambs born to ewes shorn one to
two months after lambing (96%). The time
interval from shearing to lambing was inves-
tigated in the present data ser. A linear
covariate for the time interval berween

shearing and lambing, nesred within shear-
ing treatment, was included in the model
for lamb survival in order to investigate the
significance of the time interval from shear-
ing to lambing. Results showed that there
was no significant difference between the
estimated regression coefficients for the two
treatments. Because of the management
practices employed and the time of year of
the shearing date, the time interval between
shearing and lambing was related to other
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Table 3. Influence of prenatal shearing of ewes on lamb birth weights and survival rates.

Experimental Prenatal Prenatal
Reference Congitions Temperatore Treatment Days Birth Weight Survival Rate Other
Rutter et al. shom vs Not reported 103 T 16% T(81.5 vs 64.2%)
{1971} unshorn
Rutter ot al, shom v Not reported 105 T 21% T (91 vs 78%);
{1972} unshorn nonsignificant
Austin & Young | shom vs 0510 14°C 10 T 14% T (98 vs 93%); T ewe intake
(9Th unshorn nonsignificant
Maund shom vs Not reported 70 7 7.5% twins T for twins & triplets T ewe intake
{198() unshorn T 22.5% wiplets
Symonds et al, shom vs 11.9°C 36 T16% Not reported T ewe glucose levels
(1886) unshom
Vipond ey &l shorn vs Not reported 4010 66 T 15% (average) T (4 vs B8%); T ewe intake
(1987 unshom 3-year study nonsignificant T gestation length
Black & Chestoutt | shorn vs Not reported 28, 42, 63 or 84 T 5%-28 d Naot reported T gestation length
(1990) unshom T 22%--42d T ewe intake
T 15%--63 & 84d T ewe plasma glucose
Fernandex et al. shom vs Not reported 25t 30 No effect No effect
(1990 unshom
Boer shorm vs Not reponted 56 T 14% T(91.4 vs 82.4%)
(1994) ynshorn
Cloete et al, shom vs 70 19°C 14--YR 1 T3.9%-YR 1 T3 vs67%)--¥YR | T lamb growth to 8 weeks; .
(1994) unshorn 28--YR 2 No effect--YR 2 no effect-YR 2 ewes On pasture
Dabiri et o, shom vs Not reported 21 w28 No effect Not reported CWeS On pasture
{19943 upshom
Cueto et af, shomn vs Not repored 30 T5% Not reported
(1995 unshorn
Dabiri et al. shom vs Not reported 36 No effect No effect
{1995) eashom
Cueto et al. shom vs Not reporied 33 TR% Not reported
{1996} unshom
Dabiri et al. shom vy Not reported 32 No effect Not reported
(1996) unshom
Husain et al. shorn vs 8°C 35 T 14% Not reported 1 ewe rectal temperature
(1597) unshom
Morris & shorn vs 4t 12°C 20, 50 or 80 T7%--204 Not reported Shearing aftected birth
McCutcheon unshom T 9%--50d weight of twin, but not
(1997 T 16% --80d single lambs

Table 4. Effects of prenatal shearing and (or) temperature exposure of ewes on lamb birth weights and survival rates.

Prenatal

Experimental Prenatal Treatment
Reference Conditions Temperature Days Birth Weight Survival Rate Other
Slee & Samson cold + shom vs 2 10 8° C (shorn} 42 T .7 kg—-Study 1 Not reported T gestation length
(1982) warm +unshom | Thermonewtral {unshom) T 4 ke--Swudy 2
Thompson et al. cold + shorn vs 1to 6° C (shomn) 35 T27% singles Not reported T plasma glucose in
(1982) warm + unshom 15° C {unshorn) T 9% twins lambs and ewes
Stou & Siee cold + shorn vs 6° C (shom) i4 no eftect Not reported T norepinephrine-
(1985) wanm + unshomn 26° C {unshorm) induced mewbolic

eSponse

Shelton & Hugton | 24-h warm; 32° C (wurm) 501075 L 40%--24-h warm 55%--24-h warm
{1968} 12-h warm vy 24° C (control) 1 20%--12-h warm 80%--12-h wann

control 100%--control
Brown et al. warm--housed v5 | 28° 10 38° € (warm} 50 1 30% 1 (66 vs 96%) T weak lambs
(1977) pastured Pasture--Not reported
Bell et al. WHIT V8 40° C {warm) 70 $17% Not reported
(198%) control 20° C {controf)

factors. The simple correlation between the
time interval between shearing and lambing
and minimum temperature on the day of
birth was .29. This positive correlation
shows that ewes with longer intervals also
lambed on warmer days, as it was getting
closer 10 spring. Because ewes were kept in
the pen and fed between shearing and lamb-

ing, the time interval is also a measure of
days on feed. Indeed, the correlation
between the time interval and birchweighe
was .21. The inclusion of the time inzerval
between shearing and lambing did not
result in substantial differences in the results
of the analyses withour the time interval.

A second reason for a lack of a prenatal
shearing effect may be that the ambient
temperatures during late gestation were too
mild, The 3-year average minimum tem-
perature on the day of fambing in this study
was 2.4 + 4.5° C (range of -8.3 to 15.0° C},
and the average maximum temperature on

day of lambing was 18.1 + 6.5° C (range of
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-5.0 to 29.4° C). Surprisingly, few authors
have reported the ambient temperature
conditions that existed during their studies
(Table 3). The studies that did report ambi-
ent temperatures were not extremely cold
compared to the temperatures reported in
the current study. Collectively, the results
of studies presented in Table 4 clearly
demonstrate that prenatal cold exposure
enhances and prenatal heat exposure sup-
presses lamb birth weights, thereby poten-
tially impacting lamb survival rates.

Despite the fact that prenatal shearing
treatment did not increase lamb survivabil-
ity in this study, the majority of prenatal
shearing experiments have shown beneficial
responses (Tables 3 and 4). There are a
number of possible mechanisms whereby
prenatal sheating may improve lamb sur-
vival rates. Prenatal shearing has been
shown to affect ewe behavior at lambing,
In ewes not housed during lambing, Lynch
and Alexander (1976) observed that prena-
tal shearing increased the likelihood that
ewes lambed in shelvered areas, theteby
improving the chances of lamb survival
especially during inclement weather.
Another possible benefit from prenaral
shearing could be increased colostrum con-
sumption by lambs due to less wool around

the udders,

Several studies have reported an increase in
dry matter intake of ewes that were shorn
prior to lambing (Austin and Young, 1977;
Vipond et al., 1987; Symonds et al., 1992;
Black and Chestnutt, 1990; Dabiri et al.,
1996). This increase in intake was thought
to be a factor in increasing lamb birth
weights by increasing the total supply of
nutrients available to the developing fetus.
However, because cold cxposure increases
rate of passage and decreases digestibility,
differences in metabolizable energy intake
between shorn and unshorn ewes have been
shown to be minimal {(Symonds et al.,
1986). In one trial, prenatal shorn and
unshorn ewes were fed equal amounts of
dry matter and the shorn ewes still had
heavier lambs (Thompson et al., 1982).

Cold exposure may alter the way nutrients
are partitioned in the ewe. Exposure to
cold environmental temperatures has been
shown to increase plasma glucose concen-
trations in ewes (Symonds et al., 1992;
Clarke et al., 1997) as well as in fetuses

(Thompson et al., 1982). Infusion of glu-
cose into fetuses during the last 4 wk of
pregnancy has been shown to increase fetal
weights as well as the proportional mass of
brown adipose tissue compared with saline-
infused fetuses {Stevens et al., 1990).

Shearing pregnant ewes during late gesta-
tion may also be beneficial ro lamb survival
by reducing the thermal hear load of the
ewe. Shelton and Huston (1968) examined
the effects of heat stress during late gesta-
tion. Conrrol ewes were housed ar 24° C,
whereas, warm-treated ewes were exposed
to 32° C for 12 (pardial) or 24 (full) h per
day. The partial hear treatment lowered
birth weights by 16% and increased lamb
mortality rates to 20%. The full heat treat-
ment resulted in a 40% reduction in birth
weights and increased lamb mortality rates
to 45% (Table 4).

In addirion to increasing birth weight, pre-
natal shearing has also been shown to
enhance brown fat metabolism in newbom
lambs. Brown fat is present in newborn
lambs and functions to produce heat
through nonshivering thermogenic mecha-
nisms to help prevent hypothermia
(Carstens, 1994). Stott and Slee (1985)
conducted a study where ewes were exposed
to either warm (26° C, full fleece) or cold
(6° C, shorn) treatments 14 d prior to
lambing. Brown fat metabolism, measured
as an increase in oxygen consumption in
response to a norephinephrine challenge,
was found to be 2.8 times thermoneutral
metabolism in lambs from cold-exposed
ewes, but only 1.7 times thermoneutral
metabolism in lambs from warm-exposed
ewes, Likewise, Symonds et al. (1992)
found that fambs from cold-exposed ewes
had 40% greater brown far thermogenic
activity than control lambs.

The factors that influence lamb birth
weight and survival rate responses to prena-
tal shearing cannot be clearly delineated
from the present study and those studies
reviewed in Tables 3 and 4. Moreover, it is
likely that numerous factors (i.e., prenaral
nutrition of the ewe, weather patterns)
interact with prenatal shearing of ewes to
influence overall lamb survival rates. The
review of these studies does suggest, howev-
er, that shearing of pregnant ewes at least 40
to 60 d prior to lambing may improve lamb
survival rates during the neonaral period.

Conclusions

Resuts from this study indicate that prena-
tal shearing of ewes an average of 20 d prior
to lambing did not increase birth weights or
improve neonatal survival rates of fambs
managed in typical West Texas conditions.
It is apparent from reviewing other studies,
that the effects of prenatal shearing on lamb
survivability are influenced by the degree of
cold exposure of the ewe during late gesta-
tion and the length of time between shear-
ing and fambing. Therefore, the lack of a
prenatal shearing effect on lamb survival
rates found in this study may have been due
to the time interval from shearing to lamb-
ing being too short. Collectively, these
studies suggest that implementation of the
management practice of shearing ewes 60
to 90 d prior to lambing may improve lamb
survivability duting the neonatal period.
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Scrapie in Sheep: A Transmissible
Spongiform Encephalopathy

Maria A. Smit!, Noelle E. Cockett!>3, Jon E. Beever?, Tracy L. Shayl, and Sandy L. Eng!

Introduction

Scrapie is a transmissible, faral, degenera-
tive disorder of the central nervous system
that affects sheep and goats. It belongs to a
family of neurodegenerative diseases in
mammals known as transmissible spongi-
form encephalopathies (TSEs), which
includes bovine spongiform encephalopa-
thy (BSE) in cattle, Creurzfeldt-Jakob
Discase (CJD)} in humans, and chronic
wasting disease in deer and elk (Johnson
and Gibbs, 1998). The focus of this review
is on scrapie, which affects most sheep-pro-
ducing countries in the world.

Symptoms

Scrapie is an insidious, fatal disease charac-
terized by a long incubation period and
neurodegeneration.  After primary infec-
tion with scrapie has occurred, an incuba-
tion stage of at least one year typically pre-
cedes the development of overc physical
symptoms.  Clinical signs of scrapie in
sheep (Dickinson, 1976) begin with mildly
impaired social behavior, in which affected
animals become nervous, confused, or anx-
ious and separate themselves from the
flock. Physical manifestation of the disease
usually involves intense itching caused by
local irritation of the skin. Scrapie acquired
its name because, during this stage of the
disease, affected sheep rub themselves
against fence posts, buildings, and feeders
and bite at their legs, belly, or rump in an
attempt to relieve the itching, thereby
scraping off their wool and causing skin
abrasions,

As the disease progresses, locomotor inco-
ordination becomes apparent in affected
animals.  Ataxia, especially of the hind
limbs, is often accompanied by muscular

tremors; consequently, scrapie-infected ani-
mals walk with a characreristic swaying of
the hindquarters and a high-stepping gait
of the forelimbs. Motor incapacitation
could be accompanied by visual impair-
ment (Clark, 1980), causing animals to run
into fixed objects, stumble, and fall.
Changes in fleece pigmentation (Laplanche
et al., 1999) and facial hair color
{Capucchio et al, 2001) are sometimes
observed in scrapie-infected sheep, and
these are probably caused by altered metab-
olism. Although affected animals typically
have a normal apperite, weight loss and
emaciation occur because prehension,
chewing, and swallowing become impaired,
Overt clinical signs usually last for one to
three months before death (Clark, 1980).

The dlinical presentation of scrapie varies
widely among breeds of sheep and individ-
ual animals, particularly with respect to the

" development of intense scratching and

locomotor incoordination, While Suffolk
sheep typically show signs of both itching
and motor incapacitation (Dickinson et al.,
1965), only one of these symptoms typical-
ly dominates the dlinical course in some
other breeds of sheep. In Icelandic sheep,
scrapie presents as ataxia and trembling
with little itching (P4lsson and Sigurdsson,
1958). In contrast, the hill sheep of north-
ern India exhibit severe itching and persist-
ent rubbing without an extended period of
focomotor incoordination (Zlotnik and

Katiyar, 1961).

Response to scrapie infection also varies
among individual animals of the same
breed. Clark {1980) reported that only
31% of affected Rambouillet animals in the
USDA Scrapie Field Trial ar Mission, TX
exhibited itching, while the remaining cases

progressed directly to the stages of ataxia
and trembling. In Norway, where 94% of
scrapie cases involve the Rygja breed,
approximately half of the infected sheep
exhibit jiching, while the other animals pri-
marily show symptoms of incoordination
(Ulvund, 1996). Furthermore, not all
scrapie-infected sheep display clinical signs
before death. Clark and Moar (1992)
reported that 16% of the scrapie-positive
animals examined on the Shetland Islands
between 1985 and 1991 were found dead
withour exhibiting prior clinical symproms.
Thus, the physical manifestation of scrapie
in sheep is widely variable, but death is
inevitable for all infected animals.

Prevalence

The exact incidence of prevalence is diffi-
cule to ascertain because of inconsistent
postmortem diagnosis and the lack of vali-
dated  preclinical  diagnostic  tests.
Furthermore, producers are reluctant to
report suspect cases in order to protec their
reputation and livelihood. Hoinville er al,
{2000) estimate that only 13% of British
farmers who suspect that they own scrapie-
infected animals have reported them to the
Ministry of Agriculfture, Fisheries, and
Food (MAFF), even though notification of
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suspect cases has been compulsory within
the European Union since 1993 {Schreuder
er al, 1993). Additionally, scrapie cases
could be among deaths caused by unidenti-
fied illness. In a Scotish study (Clark,
1991), postmortem histopathological
examinations of sheep that had been found
dead without previously showing signs of
discase revealed that 21% were infected
with scrapie. All of these factors should be
taken into account when considering
scrapie prevalence statistics.

The first case of scrapie was reported in
1732 in England {McGowan, 1922}). In
the subsequent decades, scrapie endemical-
ly affected flocks in several countries due to
intercontinental movement of affected
sheep. In 1947, scrapie was fitst reported in
the United States in animals imported from
Canada that originated in the Unired
Kingdom. Since this time, over 1,000
flocks have been infected with scrapie in the
United States (APHIS, 2001a), and the
number of reported scrapie cases is steadily
increasing (Wineland et al., 1998). During
the first half of 2001, 69 confirmed cases of
scrapie were reported in the United States

{APHIS, 2001b).

Today, the worldwide incidence of scrapie
remains obscure, but it appears to be more
prevalent in the northern hemisphere than
in the southern hemisphere (Laplanche et
al., 1999). Following the introduction and
subsequent eradication of scrapie in
Australia and New Zealand during 1952
{(Brash, 1952; Bull and Murnane, 1958),
extensive protective measures were imple-
mented in these countries to prevent the
importation of scrapie (MacDiarmid,
1996}. Australia and New Zealand are now
widely recognized as scrapie-free. In con-
trast, European countries have a relatively
high incidence of scrapie-infected flocks. In
Great Britain, the country with which
scrapie is most commonly assoclated, 128
positive cases were reported during the firse
half of 2001 {DEFRA, 2001). In a recent
survey {Hoinville et al,, 2000), 14.9% of
British sheep producers owning more than
30 breeding ewes reposted that scrapie had
probably affected their flock, and the preva-
lence of infected sheep in this survey was
consistent with abattoir data from another
study (Simmons et al., 2000). In the
Netherlands, it has been estimated that 3.8
to 8.4% of {locks are infected with scrapie

(Schreuder et al., 1993). Although the
Scandinavian countries of Denmark,
Finland, and Sweden are at low risk for
scrapie (Laplanche et al., 1999}, there was
recently a surge in the number of scrapie
Norway (Ulvund, 1996).
Therefore, scrapie appears to be concentrat-
ed in particular geographic regions; whether
this is due to the actual prevalence of scrapie
or the absence of reporting in some areas is
unknown. It is also important to note that
the incidence of scrapie might be influenced
by breed specificity or genetic predisposition
(see befow).

cases in

Economic Significance

In the United States, the American Sheep
Industry Association estimates that scrapie
costs the industry between $20 and $25
million annually {(NIAA, 2001). This
financial loss is due to decreased productiv-
ity of scrapie-infected flocks, lost income
from potential exports, and increased dis-
posal costs for offal. Annual mortalities in
scrapie-infected flocks typically range from
3 to 5%, but in some cases annual morrali-
ties can be greater than 10 or 20%
(Detwiler, 1992). In scrapie-affected flocks,
the number of infected animals increases
and the age of scrapie onset decreases after
several years, making these flocks economi-
cally unviable. The presence of scrapie in
the US also prevents the exportation of
breeding stock, semen, and embtyos to
many othet countries,

The disposal of scrapie-infected carcasses is
also of concern because the inclusion of
TSE-infected protein in feedstuffs is proba-
bly one mode of horizontal scrapie trans-
mission. Because the scrapie agent is
extremely resistant to sterilizarion processes,
including high temperatures, ultraviolet
light, and suspension in formalin (Ourratmn,
1976), rendering procedures thar inactivare
the scrapie agent are being investigated
(Taylor e al., 1995, 1997, 1998, 1999;
Schreuder et at., 1998a).

The scrapie disease has also economically
impacted the scrapie-free countries of
Australia and New Zealand. Mast impor-
tantly, there has been damage to genetic
improvement schemes where scrapie avoid-
ance has [imited the choice of potential
breeding stock. Very few new bloodlines
have been imported into Australia and New
Zealand in the last 40 years (MacDiarmid,

1996).

In addicion, the introduction of scrapie into
Australia or New Zcaland would severely
impact biopharmaceutical manufacturers, 4
major component of the Australasian econ-
omy (MacDiarmid, 1996). The use of post-
mortem tissues derived from sheep and cat.
tle for the production of biopharmaceuri-
cals, including vaccines, has led to the gen-
eration of TSEs in some recipients. In
Scotland, a scrapie infection occurred in
1937 after sheep were innoculated with a
contaminated vaccine against louping-ill,
which had been prepared in a 0.35% for-
malin suspension of ovine brain, spinal
cord, and spleen tissues (Gordon, 1946).
More recently, administration of a commer-
cial vaccine against Mycoplasma agalactiae,
which was prepared with ovine brain and
mammary gland homogenates, was identi-
fied as the culprit for the sudden outbreak of
scrapie in Italy in 1997 and 1998 (Agrimi et
al., 1999; Caramelli et al., 2001),

Etiology of Scrapie

The current model for scrapie pathogenesis
involves the interaction between a transmis-
sible agent and the genetic makeup of the
host. A novel proteinacecus infectious par-
ticle, called the prion protein (Pruisner,
1982), is thought to be the sole transmissi-
ble agent of scrapie (Pruisner et al., 1998).
The natural transmission of prion proteins
probably occurs by multiple pathogenic
mechanisms, but the physical manifestation
of the disease is also influenced by the host
genetic makeup. The gene encoding prion
protein contains several polymorphisms
that are associated with scrapie susceptibili-
ty in sheep. Thus, an awareness of the inter-
action between the infectious prion agent
and the host prion genotype appears to be
critical for understanding scrapie etiology.

Infection with Prions

The only consistent characteristic of
scrapie, as well as all TSEs, is the presence
of an abnormal, aggregated form of a sialo-
glycoprotein called prion protein (PrP),
which is tethered to neuronal and lympho-
cytic surfaces by a glycosylphospharidyli-
nositol (GPI) anchor. Upon scrapie infec-
tion, the normal cellular conformer {PrPc),
which consists of 42% e-helix and 3% B-
sheet, is posttranslationally converted into
an abnormal scrapie isoform (PrPSC),
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which consists of 30% &-helix and 43% R&-
sheet (Pan et al., 1993). This alteration in
tertiary structure involves a templating
process in which PrPSC acis as a catalyst in
the conversion of endogenous PrP“ into
ppSC (Pruisner et al., 1990). Molecular
chaperones (DebBurman et al,, 1997) or
partially unfolded PrP intermediates
(Morillas et al., 2001) might aid in pepSC
formation.

The mechanism by which PrPSC sybse-
quently induces pathological alterations in
nervous  tissue  remains  obscure,
Immediately following exposure to the
infectious agent, the conversion of PrPC to
PrPSC occurs in gut-associated lymphoid
tissues and in the spleen (Jeffrey et al.,
2000), where PrP3C incubates for several
months before spreading to the central
nervous system (Jeffrey et al., 2001), The
exact_mode of neuroinvasion by which
PrPSC translocates to the brain has not
been elucidated, but a great deal of atten-
tion has focused on the implication of fol-
licular dendritic cells and B-lymphocytes in
PrPSC transmission to the central nervous
system (Klein et al., 1997; Brown et al,,
1999a). However, recent evidence down-
plays the necessity of these factors in scrapie
neuroinvasion (Shlomchik er al., 2001);
dendritic cells from PrPSCoinfected splenic
tissue can migrate to the central nervous
system in the absence of additional lym-
phoid components {Aucouturier et al.,
2001). Van Keulen et al. (1999) suggested
that PrpSC simply diffuses from gut-associ-
ated lymphoid tissues to the central nervous
system by way of the enteric nervous sys-
tem, and PrPSC has been detected in
enteric and autonomic ganglia of the gas-
trointestinal tract early in the incubation
period (McBride et al,, 2001). This
hypothesis that neuroinvasion of the scrapie
agent occurs directly within PrPSCcon-
taining tissues is supported by the observa-
tion that noradrenergic nerve endings lie
close to PrPSC-accumuiating cells in the
spleen (Bencsik et al., 2001).

Aggregation of PrPSC molecules occurs
upon PrPSC invasion of the central nervous
system, leading to the formation of prion
1ods, or scrapie-associated fibrils (SAF), in
the brain (Rubenstein et al., 1987).
Microglial cell activation occurs in response
to abnormal PrpSC deposition in the cen-
tral netvous system (Williams et al., 1997;
Giese er al., 1998). Subsequently, the intra-

celtular free calcium concentration increas-
es in microglial cells (Herms et al,, 1997),
and tyrosine kinase signal transduction cas-
cades are activated (Combs et al., 1999),
The secretion of reactive oxygen species
(Brown et al., 1996) and proinflammatory
cytokines (Peyrin et al., 1999} by microglia
seetns to be critical for disease pathogenesis.
Reactive oxygen species such as the super-
oxide anion are essential for the mediation
of PrPSClinduced neurotoxicity (Brown et
al., 1996). Nerve cell death occurs by apop-
tosis (Giese et al., 1995; Lucassen et al.,
1995), resulting in vacuolar formations that
are characteristic of scrapie-positive ani-
mals. Astroglial cell proliferation, another
attribute of scrapie-infected brain tissue, s
induced by cytokines interleukin-1 and
interleukin-G, which are also released from
PrPSCoactivated microglia (Hafiz and
Brown, 2000).

The normal physiological function of PrPC
is poorly understood, but experimental alter-
ation of the gene for PrPC in mice has pro-
vided insight into the normal cellular role of
prion proteins. Mice lacking PrPC general-
ly exhibit normal behavior and development
(Biicler et al., 1992), although there are
repotts of increased locomotor activity
(Roesler et al., 1999) and greater susceptibil-
ity to scizures (Walz et al., 1999). Bvidence
exists that PrP™~ may be involved in nucleic
acid metabolism (Gabus et al., 2001), pro-
tection against neuronal apoptosis (Bounhar
et al., 2001), resistance to oxidative stress via
copper binding (Brown et al., 1999b, 2001;
Klame et al., 2001), signal transduction in
neurons (Mouillet-Richard et al,, 2000),
mediation of neuritogenesis through laminin
binding (Graner et al., 2000), T-cell activa-
tion {(Cashman et al., 1990), regulation of
intracellular free calcium levels (Whatley et
al., 1995), and promotion of sleep continu-
ity (Tobler et al., 1997).

Although the role of PrPC in normal cellu-
lar physiology is ambiguous, its involve-
ment in scrz(afyie is well documented. Mice
lacking PrP*~ are resistant to scrapie infec-
tion (Biieler et al., 1993}, and the presence
of PrPC in the host is necessary for scrapie
infection to occur (Brandner et al., 1996).
However, unresolved issues regarding the
role of prions in scrapie remain. How did
PrpSC originally adopt its deviant struc-
ture, which is required for infecrivity? Are
thete other players involved in scrapie
infection? These questions are the basis for

ongoing discussions about infectious agents
in the scrapie disease.

Genetic Influence

Scrapie susceptibility is influenced by the
genetic makeup of infected sheep. The
ovine prion protein gene (PRNP), which
contains three exons and is over 20 Kb long
(Westaway et al., 1994), is known to affect
scrapie susceptibility in sheep. Exon 3 of
the ovine PRNP gene contains the entire
protein-coding sequence for PrP as well as a
downstream  3’-untranslated region.
Polymorphic variants in the protein-coding
region of the PRNP gene, particularly ar
codons 136, 154, and 171, are associated
with the incidence of scrapic in several
breeds of sheep. Amino acid substitutions
at these positions facilitate the conversion
of PrPC 1o PrPSC i vitro (Bossers et al.,
2000). In addition, polymorphisms in the
F-untranslated region of ovine PRNP, such
as an EcoRI restriction fragment length
polymorphism (Hunter et al., 1991), have
been associated with modified protein syn-
thesis and disease progression (Goldmann
et al., 1999).

In many breeds, including the Bleu du
Maine, Cheviot, Flemish, Herdwick, Tle-
de-France, Romanov, Rygja, Scottish
Halfbred, Shetland, Swaledale, Swifter, and
Texel, the PRNP allele encoding valine at
codon 136 (V13g) is associated with an
extremely high risk of scrapie (Maciulis et
al., 1992; Llaplanche et al., 1993
Goldmann et al., 1994; Hunter et al.,
1993, 1994, 1996, 1997a; Belt et al,, 1995;
Clouscard et al., 1995; Bossers et al., 1996;
Tranulis et al., 1999}, In scrapie-affected
flocks of these breeds, infected animals yp-
ically carry Vy 36 on least one PRNP allele.
In a study of Scottish Cheviot sheep
{(Hunter et al., 1996), none of the scrapie-
positive animals was homozygous for the
wild-type codon (AAy 360 however, 77%
of infected sheep were VV; 36 and 23%
were VA 3. Codon 136 also affects scrapie
incubation time; sheep with the genotype
VV 36 have a shorter incubation time than
VAy36 animals (Goldmann et al., 1994;
Hunter et al., 1996; Elsen et al., 1998).

The Vi3¢ codon is very rare in British,
Irish, Japanese, and US Suffolk sheep
(Hunter ec al., 1994, 1997b; Ikeda e al.,
1995; O’Rourke et al., 1996; O’Doherty et
al., 2000) as well as in Lacuanes (Clouscard
et al., 1995), Poll Dorsers (Hunter et al.,
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1994), Soays (Hunter et al., 1997a), and
Southdowns (Tyler et al,, 1999). In these
breeds, scrapie susceptibility is typically
determined by PRNP codon 171. Three
polymorphisms at codon 171 [glutamine
(Q171}, arginine (R171) and histidine
(Hy71)] have been identified (Goldmann
et al., 1990; Laplanche et al., 1993; Belt et
al., 1995; O’Rourke et al., 1996). In stud-
ies of scrapie-positive Cheviot, Lacaune,
Poll Dorset, Romanov, Soay, Southdown,
and Suffolk sheep (Westaway et al., 1994;
Clouscard et al., 1995; Ikeda et al,, 1995;
Hunter et al., 1997a, 1997b; Elsen et al.,
1998; Tyler et al., 1999}, infected animals
were homozygous for glutamine at codon
171 {QQy71). Sheep homozygous for argi-
nine (RR| 71} or heterozygous (QR;7;) at
PRNP codan 171 did not develop scrapie
from either natural or experimental chal-
lenge in several studies (Laplanche et al.,
1993; Goldmann ex al., 1994; Westaway et
al., 1994; O’Rourke er al., 1996, 1997;
Hunter et al., 1997a; Elsen et al., 1998).
These analyses suggest a relationship
between the PRNP QQj 71 genotype and
scrapie susceptibility in Suffolk sheep.
However, this association is not absolute, as
there are several reported cases of QRy+q
animals with scrapie (Hunter et al., 1997b;
Junghans et al., 1998; Tranulis et al., 1999),
and a scrapie-positive Suffolk sheep with
the RR)7; genotype was found in Japan
(Ikeda et al., 1995).

The Hy7) muration has been identified in
the Belclare, Corriedale, Galway, Mayo
Blackface, Suffolk, and Texel breeds (Belt et
al., 1995; Ikeda et al., 1995; O’Rourke et
al., 1996; Hunter et al., 1997a; O'Doherty
et al,, 2001). While the Hy7 mutation
appears to be associated with a high inci-
dence of scrapie in the Corriedale breed
(Ikeda etal.,, 1995}, Hy7 in Texels confers
neither resistance nor susceptibility to
scrapie (Belt et al.,, 1995), and all Suffolk
animals carrying the Hy71 mutatjon have
been scrapie-free (O’Rourke et al,, 1996;
Hunter et al., 1997a).

The PRNP allele encoding arginine at
codon 154 (Rys4) is very frequent in
sheep, but a histidine at codon 154 (Hys4)
has also been identified in the Belclare,
Donegal Blackface, Galway, Herdwick,
Icelandic, Mayo Blackface, Poll Dorser,
Romanov, Rygja, Scottish Halfbred,
Shedand, Suffolk, Swaledale, Texel, and

Wicklow Cheviot breeds (Laplanche et al.,
1993; Belt et al., 1995; Ikeda et al., 1995;
Hunter et al., 1997a; Elsen et al., 1998,
1999; Thorgeirsdottir et al., 1999; Tranulis
et al., 1999; O’Doherty et al., 2001).
Although Rjs4 is not associated with
scrapie suscepibility or resistance, the pres-
ence of Hysy confers scrapie resistance by
overriding the Q7| mutation in some
cases (Laplanche et al., 1993; Elsen et al,
1998, 1999; Thorgeirsdottir et al., 1999).
In a study of Herdwick, Poll Dorset,
Scottish Halfbred, Shetland, Swaledale
sheep, the H154 mutation was identified
only in scrapie-free animals (Hunter et al.,
1997a). However, scrapie-positive animals
with the genotype HHjy 54 have been iden-
tified in Norway (Tranulis et al., 1999) and
France (Elsen et al., 1998).

Recently, genotypes at all three PRNP
codons have been taken into consideration
when examining genetic predisposition to
scrapie. The presence of a scrapie-suscepti-
ble genotype at any of the three codons ren-
ders an animal susceptible to scrapie.
Therefore, the most resistant genotype is
Bossers et al., 1996; Hunter et al., 1997a;
Elsen et al., 1998, 1999; Thorgeirsdottir et
al., 1999). Only one scrapie-positive animal
with the genotype AAj35RR;54RR|7)
has been identified (Ikeda et al., 1995). In
addition, carriers of the A136H154Q171
allele appear to be nearly as resistanc to
scrapie as Ay 3R 54Ry7] carriers (Hunter
et al.,, 1997a; Elsen et al.,, 1998, 1999;
Thorgeirsdottir et al., 1999). The most sus-
ceptible genotype is VV36RR54QQ)71
{Bossers et al., 1996; Hunter et al., 1997a;
Elsen et al., 1998, 1999; Thorgeirsdottir et
al,, 1999). However, it should be noted
that while certain genotypes are susceptible
to scrapie, the actual incidence of scrapie is
dependent on other risk factors as well,
such as exposure to the agent and dose of
infection.

A PRNP-related gene called PRND (Moore
et al., 1999}, which encodes for the doppel
protein (Dpl}, has recently been identified.
The topological structure of Dpl is very
similar to that of PrPC; it is an a-helical,
GPlI-anchored glycoprotein that is attached
to the extracellular surface of cell mem-
branes (Silverman et al,, 2000; Mo et al,,
2001). However, studies thus far have not
identified a role for Dp! in scrapie; disease

development and PrPSC formation appear
to occur normally in the absence of Dpl
(Behrens et al., 2001). Dpl is upregulated
in the central nervous system of PrP-defi-
cient mice during Purkinje cell death and
ataxia (Moore et al., 1999), which can be
reversed upon introduction of PrPC
{Nishida er al.,, 1999). These apparent
antagonistic roles of PrPC and Dpl are sup-
ported by a recent observation that Dpl
intensifies oxidative damage (Wong et al.,
2001), which is in contrast to the normal
cellular role of PrPC as an antioxidant
{Brown et al,, 1999b, 2001; Klamt et al,,
2001). Although Dpl has not been impli-
cated in TSE development, the close refa-
tionship of Dpl and PrPC justifies further
investigation of Dpl in these diseases. To
date, six polymorphic variants in the
human PRND gene have been reported and
are not associated with CJD susceptibility
{Mead er al., 2000; Peoc’h et al., 2000).
The ovine PRND sequence was recently
described (Tranulis et al., 2001), and this
sequence will serve as a tool for investigat-
ing the role of Dpl in scrapie development
in sheep.

There is evidence that natural scrapie in Tle-
de-France sheep is influenced by the MHC
(OLA) locus (Millot et al., 1985, 1988);
however, scrapie was not associated with
any of the OLA-linked markers tested in a
study of Cheviot sheep (Hunter et al.,
1996). In mice, MHC expression increases
in neurons and astracytes following scrapie
infection (Duguid and Trzepacz, 1993).
Differential expression of other genes in
nenral tissues following scrapie infection in
mice has also been documented {Kenward
et al., 1994; Lazarini et al., 1994; Doh-ura
et al., 1995; Dandoy-Dion et al., 1998;
Kim et al., 1999; Riemer et al., 2000), In
addition, Miele et al. (2001) reported that
the expression of the erythroid differentia-
tion-related factor (EDRF) gene in the
spleen decreases as scrapie progresses, which
is the first report of differential gene expres-
sion in extraneural tissues. While the
expression of these genes is altered during
scrapie infection, there is no clear evidence
that they are directly involved in disease
manifestation.

Naztural Transmission

In addition to the transfer of scrapie-suscep-
tible or scrapie-resistant prion alleles to off
spring, parental transmission of the infective
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scrapie agent PrPSC 1o progeny is an impor-
tant means of disease propagation within a
flock. Although there is no evidence for
paternal  transmission through semen
(Wrathall, 1997), maternal transmission is
thought to be one of the strongest contribu-
tors to scrapie dissemination (Pdlsson,
1979). Progeny from scrapie-infected ewes
are more likely to become clinically infected
than unrelated offspring from scrapie-free
dams (Dickinson et al., 1974; Hourrigan et
al., 1979}, However, it is difficult to deter-
mine whether this familial pattern of scrapie
infectivity is due to genetic susceptibility,
genuine maternal transmission in utero, or
post-partum lateral transmission from ewe
to lamb.

Although embryo transfer studies have pri-
marily investigated the feasibility of sal-
vaging valuable genetic material from
infected animals, these studies have also
provided insight into the maternal trans-
mission of scrapie during gestation. Two
groups have transferred embryos from
scrapie-positive donor cwes to scrapie-free
recipients to determine whether embryos
harbor the infectious agent. Foster et al.
(1992, 1996) have consistently found that
scrapie develops in embryos from infected
donor ewes; 23% of embryo transfer prog-
eny in the earlier study and 50% of off-
spring from the later study subsequently
developed scrapie. In contrast, Foote et al.
(1993) successfully transferred 67 embryos
from a scrapie-infected flock to scrapie-free
recipients without scrapie transmission.
However, this study has been criticized
(Detwiler et al., 1996} because only 30 to
61% of donor ewes were diagnosed with
scrapie, and only 9.5% of animals in the
positive control group were infected. In a
more recent study by the same group
(Wang et al., 2001), 52 embryo-transfer
progeny from scrapie-positive donors were
successfully transferred to scrapie-free recip-
ients without scrapie transmission.

These two groups also disagree on whether
maternal transmission occurs through pla-
cental or fetal membranes in utero; both
groups have also transferred embryos from
scrapie-negative donors to scrapie-positive
ewes. While Foster et al. (1996) found that
75% of these embryo-transfer progeny sub-
sequently developed scrapie, all 25 off-
spring in the Foote et al. (1993) study
remained scrapie-free during the 60-month

investigation. The infectious PrPSC pro-
tein has been detected in placental mem-
branes, including the caruncular
endometrium and cotyledonary chorioal-
lantois, from scrapie-positive ewes (Pattison
etal., 1972, 1974; Race et al., 1998; Tuo et
al., 2001); however, PePSC has not been
found in fetal rissues and fluids (Tuo et al.,
2001). Therefore, fetal exposure to PrPSC
in utero is probably not a primary mode of
transmission because the fetus and the
PrPSC~positive tissues are physically sepa-
rated by PrPSC-—ncgative amniotic fluids,

Although maternal transmission of PrPSC
does not appear to occur in utero, it is
widely accepted that scrapie transmission
occurs during the petinatal period. The
longer that lambs remain in contacr with
their infected mothers after parturition, the
more likely they arc to develop scrapie
(Hourrigan et al., 1979). Because the
scrapie agent has not been identified in
colostrum or mammary glands of scrapie-
positive ewes (Hadlow et al,, 1982), it is
unlikely that transmission occurs through
the milk. However, the expulsion of infect-
ed placental membranes and fluids during
parturition may expose newborn lambs tw
the infectious scrapie agent PrP>"“. Given
the relative stability of PrPSC in che narural
environment, the accumularion of PrPSC
in lambing barns over time would provide
unexposed ewes and lambs a chance to
come in contact with the infectious materi-
al. This model of transmission is support-
ed by the observation that unrefated lambs
housed in the same mothering pen as
scrapie-infected ewes show an increased
probabiliry of developing the disease
(Detwiler, 1992). Furthermore, approxi-
mately 89% of scrapie-infected animals are
between the ages of 1.5 and 4.5 years
(Dickinson et al., 1964); chis fits the
hypothesis that scrapie infection occurs pri-
marily during lambing, followed by an
incubation peried of ar least 18 months
before clinical manifestation and death.

While recent evidence indicates that narural
transmission occurs via parturition, the pos-
sibility that scrapie is transmitred by other
mechanisms cannot be ruled out. Scrapje
appears to be transmirted horizontaily
among sheep (Brotherston et al, 1968;
Dickinson et al., 1974); however, the precise
mode of horizontal transmission by which
PPSC s disseminated through a flock is not

well understood. In preclinically scrapie-
infected animals, the infectious agent is first
detected in lymphoid tissues draining the
digestive tract, including the retropharyngeal
and mesenteric-portal  lymph  nodes
(Hadlow et al., 1982), the tonsils (Schreuder
et al,, 1998b), and the ileal Peyer’s patches
(Heggebo et al., 2000). Thesc results indi-
cate that the ailmentary tract is a major route
of entry for the scrapie agent.

Ingestion of the infectious agent could take
place on scrapie-contaminated pastures, but
exposure though shared bedding, water,
feed, and pen surfaces or direct contact
between flockmates during confinement are
more likely to occur (P4lsson et al., 1979).
Even though the primary mode of horizon-
tal transmission is unknown, each of these
routes is plausible because PrPSC is relative-
ly resistant to degradation, as demonstrated
by Brown and Gadjusek (1991).

Tissues of scrapie-infected animals harbor-
ing the infectious agent PePSC are likely to
be the primary sources of infectivity.
Although PrPSC s found in high concen-
trations in nervous tissues such as the brain
(Race et al., 1998), the central nervous sys-
tem is not exposed to the exterior where
transmission could occur. Instead, excre-
tions of PrPSC in saliva, nasal discharge,
and feces are more likely to be vehicles of
transmission for the scrapie agent; addition-
ally, skin scarification has been suggested as
a possible PrPSC source in sheep (Taylor et
al., 1996). Salivary glands of scrapie-infect-
ed sheep do not contain ppSC (Herrmann
et al., 2000), but small amounts of an infec-
tious agent have been found in nasal
mucosa, which was probably derived from
the ronsils and retropharyngeal lymph
nodes (Hadlow et al., 1982). The presence
of the scrapie agent in the proximal colon
{Hadlow et al., 1982) and the rectal nervous
tissue (van Keulen et al., 1999) indicates
that PrPSC could be sloughed from intes-
tinal wall into the feces; however, the scrapie
agent has not been detected in fecal marter
(Hourrigan et al., 1979),

Sheep with scrapie-resistant genorypes
could harbor subclinical infections and
transmit the PrPSC agent to animals with
scrapie-susceptible genotypes. Although
Hill et al. (2000) recently demonstrated
that the accumulation of a hamster PrP

strain in the brains of mice could occur
without the development of clinical signs
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during a normal lifespan, no such cases
have been reported in sheep. Clearly, an
understanding of the interaction between
the infectious PrPSC agent and the host
genotype is important.

Control and Regulation
of Scrapie

The lack of a validated live-animal diagnos-
tic test for scrapie, combined with the fong
incubation petiod and variable expression
of clinical signs in affected sheep, has made
it difficult to employ regulatory measures to
contro] this disease. The development of
sensitive and reliable diagnostic rools will
contribuce greatly to the control and regu-
lation of scrapie.

Diagnostic Techniques

Traditionally, scrapie diagnosis has involved
the identification of clinical symptoms fol-
lowed by confirmation using postmortem
examination techniques {Fraser, 1976).
The primary method of postmortem con-
firmation has been through histopathologi-
cal examination of brain sections for neu-
ronal degeneration, spongiform vacuola-
tion, and astroglial cell proliferation.
Additionally, the presence of SAF in brain
tissue can be used to diagnose scrapie-posi-
tive animals (Merz et al., 1981). Because
these neurological changes occur during
advanced stages of the disease, it is not pos-
sible to diagnose preclinically infected ani-
mals using histological techniques. Qther
drawbacks to histopathology include the
variable severity of neuronal vacuolation
exhibited by different breeds of sheep, the
natural autolysis of brain tissue within a few
hours after death, and the presence of neu-
rological changes in apparently normal

sheep (Fraser, 1976).

The discovery that prion proteins are essen-
tial for scrapie manifestation {Pruisner et al.,
1990) has led to the development of detec-
tion systems capable of identifying the
PrPSC molecule in tissues from scrapie-
infected animals. Immunohistochemistry
{(THC) on paraffin-embedded brain sections,
which involves andbody staining of PrPSC,
is useful for verifying the presence of scrapie
in questionable cases (Miller et al., 1993).
Furthermore, [HC has been successfully
used in the preclinical diagnosis of scrapie-
positive animals that were erroneously diag-
nosed as scrapie-negative using histopatho-

logical rechniques (Hamir et al,, 2001; Kim
et al., 2001; Ryder et al., 2001). However,
IHC on brain tissue is a postmortem diag-
nostic technique; this vest is not useful for
determining the prevalence of scrapie in a
population or for establishing policies to
control the disease in live animals.

Recent efforts have focused on developing
efficient PrPSC.detection systems for acces-
sible tissues from living sheep. The identi-
fication of PrPSC in extraneural tissues of
scrapie-infected sheep has provided several
potential sources of PrPSClinfected tissues.
Although most studies have focused on
testing iymphorencu[ar tissues fot the pres-
ence of PrPSC (Ikegami et al., 1991; van
Keulen et al., 1996), blood from infected
animals has been used in capillary immu-
noelectrophoresis assays (Schmerr et al,,
1999). Tonsillar bio Cpsy followed by THC
detection of PrPS (Schreuder et al.,
1998b) initially showed potential as a pre-
clinical diagnostic test; however, tonsil col-
lection requites the administration of a gen-
eral anaesthetic. The IHC detection of
PrPSC in the third eyelid, or nictitating
membrane, of infected animals (O’Rourke
et al., 1998) currently shows the most
promise in preclinical scrapie diagnosis.
The third eyelid is mote accessible than the
tonsils, and only a local anaesthetic is
required for tissue collection. In a prelimi-
nary screening of preclinically infected
sheep (O'Rourke et al., 2000), the results of
the third-eyefid test were consistent with
the scrapie status for 41 of 42 clinically sus-
pect cases with confirmed scrapie and 174
of 175 scrapie-negative sheep. This test is
useful for animals 14 months of age or
older, assuming that the infection was
acquired at birth (O'Rourke, 2001}, The
third-eyelid test is currently the focus of
large-scale validation studies for use as a
preclinical diagnostic tool that could be
used in the control and regulation of
scrapie wotldwide.

Regulytory Measyres

The United States Department of
Agriculture (USDA) began regulating
scrapie in 1952, after the US Secretary of
Agriculture declared a state of emergency
because of a scrapie outbreak in a flock in
California (Detwiler et al., 1996). Despire
ongoing efforts to eliminate scrapie from
US Hocks, the disease has continued to
spread through the US sheep industry. In
1992, the USDA’s Animal and Plant Health

Inspection Service {APHIS) established the
current scrapie eradication program, the
Voluntary Scrapie Flock Certificarion
Program. Producers enrolled in the certifi-
cation program are required to officially
identify all animals older than one year of
age, maintain complete records on every
animal, and report suspect animals to
health officials. Because scrapic has a long
incubation period, participating flocks
must be monitored for five years before
being certified as scrapie-frec. As of July 2,
2001, the program had only 781 participat-
ing flocks {(APHIS, 2001b), of which 55
were certified scrapie-free; however, there
are an estimated 66,000 sheep operations
nationwide (NASS, 2001). Because the
Voluntary Scrapie Flock Certification
Program is not mandatory for all sheep pro-
ducers, scrapie has continued t spread

through US sheep flocks.

In an attempt to eliminate scrapie from the
US by 2010, APHIS implemented the
National Scrapie Eradication Program on
November 19, 2001, Alf flocks that ace not
enrolled in the Voluntary Scrapie Flock
Certification Program are required to par-
ticipate in the new plan. The federal gov-
ernment allocated $10 million in the 2001
budger for the program, and the entire
project will require an estimated $100 mil-
lion (USDA, 2000}. These funds will be
used for animal identification, slaughter
surveillance, and the validation of a live ani-
mal test for scrapie (USDA, 2001).
Detailed and up-to-date information on
this federal program is available online

{(www.animalagriculture.otg/scrapie).

Under the National Scrapie Eradication
Program, the primary responsibility of pro-
ducers will be to use permanent ear tags or
tattoos to identify all breeding sheep over
18 months of age, scrapie-exposed animals,
and show sheep. In addition, a Cerrificate
of Veterinary Inspection must accompany
all breeding animals that enter into inter-
state commerce. The new program will also
incorporate a slaughter surveiflance plan,
developed by APHISs Centers for
Epidemiology and Animal Health, which
calls for the testing of 11,300 sheep at 25
plants in 14 states for scrapie using [HC of
the brain stem. The data collected from this
abateolr investigation will be useful in
determining the prevalence of scrapie in the
US. Eventually, scrapie-positive animals
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will be traced to their Hock of origin, and
owners of infected flocks will be required to
prepare a scrapie eradication plan for that
flock.  Another aspect of the National
Scrapie Eradication Program is the valida-
tion of the third-eyelid test. Because this
test will confirm whether or not living ani-
mals are infected with scrapie, it will be use-
ful for identifying and removing only
infected animals from the flock.

In the European Union (EU), scrapie has
been a notifiable disease since 1993
(Schreuder er al., 1993). Further surveil-
lance requirements were pur forth in a 2001
EU Commission Regulation (EU, 2001).
These requirements included the imple-
mentation of a compulsory slaughter
scheme for all suspect animals and confir-
matory diagnosis by histopathological
examination or IHC detection. All EU-
member countries were required to imple-
ment annual monitoring programs and pro-
vide compensation to owners for fost ani-
mals. Strict regulations on the import and
export of live animals, embryos, ova, and
semen were also described in the decision,
and the feeding of all mammalian-derived
protein to ruminants was prohibited.

In addition to these policies, the MAFF in
England and agricultural administrations in
Scotland and Wales are currently develop-
ing a National Scrapie Plan for Great
Britain. During the first phase of the pro-
gram, animals with genetic resistance to
scrapie will be selectively bred. The Scrapie
Information Group in Great Britain has
developed a five-class scoring system (R1 to
R5), that relates to the risk of scrapie infec-
tion in animals and their first generarion
progeny (Dawson et al., 1998). Scores cor-
respond 1o specific genotypes; for example,
the R1 classification corresponds to the
AA136RR 54RR 71 genotype for low
scrapie susceptibility while the RS category
corresponds to the highly susceptible geno-
- Opes VV136RR154QQ1 71,

 AV136RR54,QQ7), and

.' V136RR154QH171 The SCl’aPEC
~ Information Group advises that animals

with scores of R4 or R5 not be used for
brecding.

.~ Although Australia and New Zealand are
widely recognized as being scrapie-free,
these countries are taking measures to
~ensure that TSEs are not introduced inco

their herds or flocks (Turner, 1997). In
1996, the World Health Organization
(WHOQO) advised that countries with no
cases of TSE prohibit the feeding of meat
and bone meal o livestock; subsequently,
the Agriculture and Resource Management
Council of Australia and New Zealand
imposed a ban on feeding ruminant-
derived protein. In 1997, the Australian
Monitoring and Surveillance Program for
TSEs was established, following the recom-
mendation of the Office of International
Epizooties (OIE). Under this program, vet-
erinarians conduct field investigations and
histopathological brain inspections to
determine whether animals exhibiting signs
of nervous disease are infected with TSE.,
The  Australian ~ Monitoring  and
Surveillance Program was structured so thar
there is a 90% probability of identifying a
1% incidence of TSE among nervous con-
ditions affecting Australian sheep and cat-
tle. It is important that Australia and New
Zealand participate in these quality assur-
ance programs to prove that they remain
scrapie-free.

Conclusion

Clearly, controlling scrapie is vital to the
future success of sheep operations. Because
the complete biological mechanism of
scrapie pathogenesis has not been elucidar-
ed, efforts at developing therapeutic drugs
for treatment of clinical signs of the disease
have been hindered. The identification of
prion proteins and their crucial role in TSEs
has led to the development of genetic tests
for scrapie susceptibifity and resistance.
Given the currently available data, genetic
selection will play a crucial role in the erad-
ication of scrapie in the US. Therefore,
breeding programs should incorporate crite-
ria such as PRNP-resistant genotypes in ani-
mal selection. While genetic selection may
be helpful in controlling and eliminaring
clinical disease within flocks at the present
time, the future validation of reliable live-
animal diagnostic tests will expedite the
eradication of scrapie worldwide.
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Effect of Colostrum Intake on Serum Hormone Concentrations
and Immunoglobulin G Absorption in Neonatal Lambs

R. E. A. Mansur? , D W Holcombea, , L. B, Brucez, and D. M. Hallford%

Summary

Colostrum contains nutrients, immunglob-
ulins, hormones, and growth promoting
substances, such as insulin-like growth fac-
tor=] (IGF-1). An experiment was con-
ducted to study the effects of feeding three
amounts of colostrum on immunoglobulin
G (IgG). and hormone concentrations dur-
ing the first 18 hours of life. Fifteen
Rambouiliet x Merino lambs were assigned
to three treatments. Pooled colostrum was
fed at 10 mL/kg of body weight (BW), 20
mL/kg BW, or 30 mL/kg BW every 3 hours
for 15 hours. Blood samples were obtained
from lambs immediately after birth and
every 3 hours through hour 18.
Concentrations of growth hormone {GH),
prolactin (PRL), triiodothyronine {I3) and
thyroxine (T4) did not differ (P » .10)
among treatments. Serum IgG, IGF-1 and
insulin (INS) increased linearly (P < .03) as
colostrum intake increased. A quadratic
effect (P = .06} was detected for concentra-
tons of GH as colostrum amounts
increased. Feeding increasing amounts of
colostrum following birth influenced serum
IgG, INS, IGF-1 and GH concentrations,
thereby, influencing both passive immunity
and endocrine status in lambs. Feeding 10
mL/kg produce no health- related moreali-
ty at either a week of age or at weaning,
Ten mL/kg of BW of colostrum every 3
hours for 15 hours may provide sufficient
nutrition, growth-promoting factors and

IgG 10 lambs ar high risk.

Key Words: lamb, hormone, immunoglobu-
lins, colostrum

contains nutrients and

immunoglobulins, and growth-promoting
products in higher quantities than milk
from later in lactation (Koldovsky, 1989;
Campana and Baumrucker, 1995). Bovine
and ovine colostrum is especially rich in
IGE-1, INS, PRL, GH, T4 and T3 {Ronge
and Blum, 1988; Grosvenor er al,, 1992;
Campana and Baumrucker, 1995;
Mazzone, 1997). Components of colostrum
support development and function of the
gastrointestinal (GI) tract, establish passive
immunity and influence metabolic and
endocrine systems and neonatal nutritional
stacus (Koldovsky, 1989; Simmen et al.,
1990; Burrin et al., 1995; Mazzone, 1997;
Rauprich er al., 2000}.

Colostrum intake by neonatal lambs is
often insufficient and can cause hypother-
mia as the lambs' body energy reserves
become depleted (Mellor, 1988). Amount
of colostrum consumed has also been
shown to greatly affect metabolic and
endocrine traits in  neonatal calves
(Hammon and Blum, 1998, 1999). The
actual amount of colostrum that should be
fed to newborn lambs to ensure survival by
avoiding hypothermia and mainraining
adequate serum IgG concentrations is not
known. Likewise, whether feeding differ-
ent amounts of colostrum the first day of
life affects endocrine profiles and
immunoglobulfin absorption and growth
performance has not been addressed in
lambs. The objective of this study was w
determine if feeding three amounts of
colostrum influences serum IgG, endocrine
traits and growth performance in fambs.

Material and Methods

Animal Selection and Management
Fifteen newborn lambs (Rambouillet x

Merino; average BW = 5.5 + 3 kg; mean +
SE, eight males and six females) were select-
ed from nine multiparous ewes. Six ewes
produced twins and three ewes produced
single offspring. Dams were monitored 24
hours a day during the lambing period. At
parturition, lambs were muzzled with
JorVet Muzzles (size 13.34 cm or 15.24 cm,
Jorgenson Laboratories, Inc., Loveland,
CO) to prevent suckling and remained with
their dams in individual pens (1.2 m x 1.5
m) except during treatment and blood sam-
ple collection. Lambs were weighed, sexed,
and ear-tagged within 30 minutes following
birth. Lambs were also weighed at weaning
{90 + 2 days; mean + SD) and weights were
adjusted for day of age, sex, age of dam and
type of rearing. The protocol for this exper-
iment was approved by the Animal Care
Committee of the University of Nevada
according to guidelines provided by the

1 Research supported by the
University of Nevada Agricultural
Experiment Station, Reno, NV
89557. This study was a contribu-
tion to the Western Regional
Research Project W-112.

2 Department of Animal
Biotechnology, Universiry of
Nevada, Reno, NV 89557,

3 Direct correspondence ro: D.W.
Holcombe, Department of Animal
Biotechnology, University of
Nevada, Reno, NV 89557, Phone:
{775) 784-1314. Fax: (775) 784-
1375. Email:
holcombe®@unr.nevada.edu.

4 Department of Animal and Range
Sciences, New Mexico State
University, Las Cruces, NM 88003.
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Consortium (1988).

Treatments and Blood Collection

At birth, lambs (five lambs/trearment) were
randomly allotted to treatment with twin
lambs produced by a single dam designated
to separate treatments. Lambs were tube-
fed either 10 mL/kg (three males/two
females), 20 mL/kg (rwo males/three
females), or 30 mL/kg of BW (three
males/two females) of pooled colostrum 30
minutes after birth. Feedings continued
every 3 hours for a period of 15 hours. The
30 mL/kg of BW of colostrum was selected
to [ulfill the normal amount required for
newborn lambs based on previous literature
recommendations (Bobb, 1997). The 20
mL/kg and 10 mL/kg of BW treatments
were selected to represent one-third and
two-thirds below the normal requirements,
respectively.  Blood samples (5 mL) were
obtained via jugular venipuncture from
lambs immediately after birth, and then ar
hours 1, 2, and 3, and every 3 hours there-
after, through hour 18. Blood collection
occurred just before lambs were fed.

Blood samples were stored at 4e<C for 24
hours and cencrifuged at 2500 x g at 4eoC
for 15 minutes. Serum was separated and
stored at -20se C for later analysis of [gG
and hormene concentrations.

Colostrum Pool Collection

Lambs were fed from a pool of colostrum,
which was obtained by collecting colostrum
at 0, 6, 12, and 18 hours after parturition
from 17 ewes. Ewes used for collection of
pooled colostrum were vaccinated approxi-
mately 4 weeks before parturition with
Covexin 8 (Clostridium chauvoei, C. sep-
ticum, C. haemolyticum, C. nouvyi, C.
tetani, C. perftingens Type C and D, and
Bacterium  toxoid,  Schering-Plough,
Omaha, NE). Colostrum was collected
using an Alfa Laval Sheep Milker (Alfa
Laval Agri Inc., Kansas Ciry, MO). All Alfa
Laval Sheep Milker fittings and parts were
sterilized between milkings. Before each
milking, ewes teats were cleaned with a
difuted Nolvasan solution (Fort Dodge
Laboratoties, Inc., Fort Dodge, 1A). Ewes
wete given an injection of 20 international
units (IU) of oxytocin (AmTech Group,
Inc,, St. Joseph, MO) intramuscularly (IM)
1 minute before milking. Colostrum was
collected in a sterile container, weighed,
and frozen in 1.5 liter plastic bottles. Once

enough colostrum had been collected, all
bottles were thawed using a water bath
{372 C) and the colostrum was mixed in a
large sterile container. Aliquots of the
pooled colostrum were measured into 1.5
liter plastic botdes for individual lambs.
Colostrum aliquots were then refrozen and
thawed when needed at 372 C (water bath)
ac the time of the recipient lamb’s birch and
through the 18-hour feeding period.

Colostrum pool samples were collecred
from eight selected lambs’ feed aliquots
from feeding times 0, 6, and 12 hours.
Because the same colostrum was used in all
treatments, stratification by treatment
group was not necessary. Colostrum pool
samples were stored at -20e C for analysis
of IgG and hormone concenrrarions.

Laboratory Analyses of Serum and Colpstrum
Lamb serum and colostrum pool samples
were analyzed for concentrations of IgG,
PRL, INS, IGF-1, T3, and T4. Serum PRL
was determined using RIA techniques
described by Spoon and Hallford (1989),
with the revision that colostrum samples
were broughe to a 1:20 dilution using a .1
M phosphate buffeted saline plus .1% gela-
tin solution. The interassay and intrassay
CV were 15% (n = 5) and 9.0% (n = 5),
respectively, for serum and the intraassay
CV was 3.0 % {n = 2) for colostrurn. Serum
and colostrum INS concentrations were
determined by RIA techniques discussed by
Sanson and Hallford (1984). Colostrum
samples for the INS RIA were defarted by
diluting 1:2 with .1M phosphare buffered
saline plus 1% bovine serum albumin (PBS
+ 1% BSA), cenurifuging for 10 minutes at
1500 rpm at 4eC, and removing the result-
ant fat layer from the top of each sample.
Defatted samples were further diluted 1:20
with PBS + 1% BSA for RIA analysis.
Serum INS inter- and intraassay CV were
14.9% (n = 7) and 11.1% (n = 11), tespec-
tively. The INS intraassay CV was 7.6% (n
= 2) for colostrum. Serum and colostrum
IGF-1 concentrations were determined by
RIA techniques developed by Berrie et al,
(1995). Serum IGF-1 between assay CV
was 13.7% (n = 7} and within assay CV was
7.7% (n = 7). Colostrum IGF-1 within
intraassay CV was 15.5% (n = 4). T3 and
T4 were analyzed using 2 commerdially
available solid phase RIA kit {Coat-A-
Count, Diagnostic Products Corporation,
Los Angeles, CA}. Colostrum samples were

diluted with analytical grade water to a
dilution of 1:3 for both the T3 and T4
RiA%s. Inter- and incraassay CV were
10.5% (n = 5) and 12.5% (n = 5) for serum
T3 and 7.7% {n = 5) and 6.8% (n = 5) for
serum T4. The intraassay CV for colostrum
T3 and T4 were 1.9% (n = 3) and 2.9% (n
= 2), respectively. Serum and colostrum
IgG concentrations were determined by
RIA (Richards et al., 1999). Inter- and
intrassay CV were 5.4% (n = 8) and 13.3%
{n = 7 for serum IgG. Area under the
curve for serum IgG was determined by a
microcomputer program that employed the
alporithm reported by Lunstra et al. (1989).
GH was examined in serum sample only.
Serum GH concentrations were deter-
mined by RIA techniques developed by
Hoefler and Hallford (1987) with an
intraassay CV of 17.0% (n = 8).

Statistical Analyses

Lamb body weights at bicth, 18 hours after
birth and at weaning were analyzed with a
one-way analysis of variance (ANQVA)
using GLM procedures of SAS (SAS,
1996}. Serum and colostrum hormone con-
centrations were analyzed using a split-plot
ANOVA with treatment in the main plot
and time of sampling in the subplot. The
effect of treatment was tested using animal
within rreatment as the error rerm. When
a significanr treatment by time interaction
was noted, further analysis with a one-way
ANOVA was performed using the SAS
GLM procedures (SAS, 1996). Linear and
quadratic contrasts were used when a sig-
nificant F-test (P < .10) was noted for treat-
ment.

Results

Hormones and IgG in Colostrum

No time of sampling effect (P > .10) for
concentrations of IgG, IGF-I, INS, PRL,
T3, or T4 was detected. Mean colostrum
concentrations for IgG, IGF-1, and INS
were 31.6 = lmg/mL, 124.2 £ 6.1 ng/mL,
and 125.3 £ ng/mlL, respectively. Prolactin,
T3, and T4 concentrations for pooled
colostrum were 1114.3 + 62.4 ng/mL, 9.2
£ .6 ng/mL, and 11.2 + .9 ng/mlL, respec-
tively. These results confirm that the
pooled colostrum fed 1o lambs was homog-
enous in IgG and hormone concentrations.

Hormones in Lamb Serum
No treatment x time of sampling interac-
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tions (P > 47) were observed for serurm
concentrations of GH, IGF-I, PRL, T3, ot
T4. Concentrations of PRL, T3, and T4
did not differ (P > .20) among treatmens
(Table 1). In contrast, a quadratic effect (P
= ,06) was detected for concentrations of
GH, whereas, a linear increase (P = .01} was
observed for concentrations of IGE-I as
colostrum intake increased. No time of
E sampling effect (P > .33) was detected for
o either T3 or IGE-1. However, a time of
sampling effect (P < .002) across treatments
was observed for PRL, T4 and GH (Figure
1). Serum PRL concentrations were greater
(P < .05) at hours 0 through 4 than for
samples collected following that period.
Serum T4 concentrations were greater (P <
.05) at hours 0, 1, 2 and 3 versus hours &
through 18. Serum GH concentrations
decreased (P < .03) from hour 0 and were
lowest at hours 1 through 6. GH increased
(P < .05) at hours 9 and 12, after which a
decline (P = .04) was noted at hour 18.

A treatment x time of sampling interaction
was detected (P = .08) for serum INS
{Figure 2). Serum INS did not differ (P >
.75) among treatments at hour 0 or 1.
However, at hour 2, a linear increase (linear,
P = .05) in serum insulin was observed as
colosttum intake increased. Insulin con-
centrations exhibited a linear increase (P <
01} with increased colostrum intake at
hours 6, 9, 12, and 15.

Because no detectable levels of [gG were
observed in hour 0 samples, and only a few
lambs had detectable values at hour 1, data
at these times were not included in the data
set. A treatment x time of sampling interac-
tion (P = .002) was detected for serum IgG,
therefore, treatment effects were examnined
within sampling time (Figure 3). Serum
IgGG concentrations exhibited a linear
increase (P < .03) with increased colostrum
intake at hours 6, 9, 12, 15, and 18. Area

- under the serum IgG curve differed (linear,
P < .01) with total [gG concentrations of
- 89.0, 179.2, and 264.5 mg/mL for Jambs
" Teceiving 10, 20, and 30 mL/kg of BW,
. respectively, These values reflect the avail-
o _ab_k IgG in the systemic circulation of lambs
dl-l_l'ing the 18-hour period.

anth Body Weight

Lamb weights immediately following par-
turition were 5.5 + .3 kg for all treatments
(P = -99). Eighteen hours after parturition,

Table 1. Serum hormone concentration (ng/mL) in lambs fed three amounts of
colostrum, including growth hormone (GH), insulin-like growth factor-I (IGF -,
prolactin (PRL), trilodothyronine (T4), and thyroxine (T4).

Colostrum, mE/kg body weight *

Hormone 10 20 30 SE Fiest®  Contrast®
GH 7.6 9.7 5.0 b .08 Q=.06
IGF-I 145.7 193.6 227.7 8.0 .04 L=.01
PRL 58.5 100.7 75.8 20.0 41

Ts 3.6 43 3.5 1 19

Ty 96.3 102.2 99.0 2.6 .85

bF test P values.
“‘Contrast: quadratic = Q; linear=1L.,

*Treatment: 10 ml/kg, 20 mL/kg, or 30 mL/kg of body weight of pooled
colostrum tub fed every 3 hours from hour 0 through 18, n=5 in each group.

Treatment: 10 mL/kg, 20 mL/kg, or 30 mL/kg of body weight of pooled colostrum tub
fed every 3 hours from hour 0 through 18, n=5 in each group.

BE test P values.
“Contrast: quadratic = Q; linear = L.

lamb weights did not differ (P = .56)
among trearments and were 5.4, 5.5, and
5.8 ¢ .2 kg for lambs receiving colostrum at
10, 20, and 30 mL/kg of BW, respectively.
No lamb mortalities occurred during the
fist week following birth. Ninety-day
adjusted weaning weights were 33.3 kg
{SE=2.1 kg) for each treatment (P = .99).
One lamb that received the 10 mL/kg of
BW was killed by a predator before reach-
ing 90 days of age.

Discussion

Hormones in Lamb Serum

Mazzone (1997) reported similar serum T3
and T4 concentrations to those presented
in this study. Thyroid hormones were not
influenced by feeding. Similarly, Kiihne et
al. (2000) reported feeding different
amounts of colostrum failed to exert an
effect on either T3 or T4 concentrations in

calves,

No treatment differences were detected for
serum PRL, but a time of sampling
response was observed. In general, PRL
decreased following birth for the 18-hour
period. Rauprich et al. (2000) reported a
decrease in PRL for the first 4 hours fol-
lowing the first feeding after birth in calves
with an increase 24 hours after feeding. In
our study, PRL increased at hour 18 com-
pared with the four previous samplings.

Plasma GH concentrations in newborn
calves were reported to be minimally influ-
enced by colostrum feeding (Baumrucker

and Blum, 1994; Hammond and Blum,
1997). In contrast, GH concentration was
influenced by differing amounts of
colostrum in lambs in our study. Plasma
GH has been associared with nutrient sta-
tus with feed restriction increasing GH
concentrations in growing cattle (Breier
and Sauerwein, 1995). Additionally,
Rauprich et al. (2000) reported GH was
reduced in newborn calves fed high
amounts of nutrients. In our study, GH
concentrations wete the least for the 30
mL/kg of BW treatment, which would be
expected, however, the 20 mL/kg of BW
treatment was the greatest, whereas, the 10
mL/kg of BW treatment was intermediare.
Sampling time across treatment groups also
influenced GH concentrations. Serum GH
decreased 1 hour after birch and remained
similar through hour 6, after which, GH
increased through hour 15. Therefore, GH
concentrations are not only influenced by
amount of colostrum fed, but by time of
sampling in lambs the first 18 hours of life.

Concentrations of serum IGF-1 were simi-
lar to those noted by Mazzone (1997). The
linear increase of IGF-1 with increased
colostrum  intake may indicate both
increased uptake by the neonatal gut, as
well as increased production by the neona-
tal liver. Campbell and Baumrucker (1989)
reported that one source of IGF-1 in the
neonate may be from absorption of IGE-1
in the small intestine. Although it is
unknown if lambs have the ability 10 absorb
colostral IGE-1, Hammon and Blum
(1997) reported that IGF-1 is barely
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Figure 1. Serum prolactin (PRL), thyroxine (T4) and growth hormone in lambs across the
three treatments from birth through hour 18 (treatment x time of sampling; P > .47; time
of sampling effect; P < .002).

FEE

4 ——10 mU/kg
=20 mlLikg
a5 =30 mL/kg

34

INS {ng/mL}
b
th

»
M

1.5 1

O 1 2 3 4 5 6 7 8 3 10 11 12 43 14 15 18 17 18
Tima after hirth, h

Fignre 2. Serum insulin (INS) in lambs receiving 10 mL/kg, 20 mL/kg, and 30 mL/kg of

body weight of colostrum from birth through hour 18, A treatment x time of sampling

interaction was detected (P = .08). The pooled SE was .51 ng/mL.
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Figure 3. Serum immunoglobulin G (IgG) in lambs receiving 10 mL/kg, 20 mL/kg, and

30 mL/kg of body weight of colostrum every 3 hours from birth through hour 18. A treat-
ment x time of sampling was detected (P = .002). The pooled SE was 1,03 ng/mL.

absorbed, if at all, in newborn calves.
Prolonged colostrum feeding (six times
instead of one} has been shown to cause
greater JGF-1 concentrations in neonatal
calves (Hammon and Blum, 1997).
Neonates with a high plane of nutrition are
also capable of producing more IGE-1 in
the liver (Chestnut and Wylie, 1995). As
colostrum intake increased, the fiver may
have increased production of IGF-1.

Serum IgG concentrations in our study are
similar to those reported by others (Klobasa
et al.,, 1992; Mazzone et al., 1999). In
calves between hours 0 and 24, IgG con-
centrations were greatest when fed larger
amounts of colostrum sooner after birth
(Stott et al., 1979b). Stott et al. {1979a)
also found that age of calves at the first
feeding had an inverse effect on the rate of
IpG absorption. Lambs absorb IgG in the
intestine up until the time of gut closure.
The linear increase in serum IgG concen-
trations may reflect the cumulative effect of
absorption of immunoglobulins after each
consecutive feeding. This is in agreement
with the theory that passive immunity of
neonatal lambs js improved by multiple
feedings of colostrum (Halliday, 1978).
The increase in serum IgGG concentrations
is probably not evident until hour 6 some
time is required after ingestion for nuttients
to pass through the gastrointestinal tract
and to be absorbed by the small intestine.
Klobasa et al. (1992) noted greater serum
IgG concentrations when lambs were fed at
4 to 6 hour intervals compared to 1 1o 2
hour intervals between feedings.

A rise in serum INS followed the first feed-
ing in all treatments in our study, however,
a linear increase was observed as the
amount of colostrum increased. Porter and
Bassett (1979) reported INS increased 60
to 120 minutes after suckling in fambs 1
day old and older. The linear insulin rise
associated with increased amounts of
colostrum was likely the consequence of
greater postprandial hyperglycemia with
increased colostrum intake. Although there
appears to be only one INS surge shown in
Figure 2, blood samples were collected
houtly only during the first 3 hours; subse-
quent INS surges might not have occurred
due to the frequency of sampling after hour
3. In general, a linear increase in INS was
noted at most sampling times as coloscrum
intake increased. Factors such as feeding
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density, and energy and protein intake have
been reported to modify insulin secretion
(Guilloteau et al,, 1997; Kiihne et al,
2000).

Implications

Feeding increasing amounts of colostrum
following birth influenced serum IgG, INS,
IGF-1 and GH concentrations, thereby,
influencing both passive immunity and
endocrine status. Feeding between 20 and
30 mL/kg of BW of colostrum every 3
hours appeared to be beneficial to newborn
lambs, resulting in high levels of serum
IeG. Because no lamb mortality resulted
from health problems during the first week
of life and at weaning, even a minimal
amount of colostrum (10 mL/kg of BW fed
every 3 hours) seemed to provide an ade-
quate source of nutrition, growth-promot-
ing substances and IgG for neonatal sur-
vival the first week of life and through
weaning,
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Adipose Tissue Lipogenic Enzyme Activity, Serum IGF-I,
and IGF-Binding Proteins in the Callipyge Lamb

D. C. Rule*’l, G. E. Moss*, G. D. SnowderT, and N. E. Cockett?

Abstract

The purpose of this study was to determine
if reduced adipose tissue accretion in cal-
lipyge lambs during growth was related ro
activities of lipogenic enzymes and serum
concentrations of insulin, insulin-like
growth factor-I (IGF-I), and IGF-binding
proteins. Normal {ambs were homozygous
normal (clpg/clpg), and callipyge lambs
were heterozygotes (CLPG/clpg). Lambs
were slaughtered ar 25, 41, 57, or 73 kg
{target live weight groups), with five not-
mal and five callipyge lambs in each weight
group. Subcuraneous, intermuscular, and
perirenal adipose tissue samples were dis-
sected as soon as possible after slaughter
from the 41, 57, and 73 kg groups. Tissue
homogenates were prepared for assay of
farty acid synthase, acyl-CoA synthetase,
glycerophosphate  acyltransferase, and
lipoprotein lipase activities. Most numeric
values for enzyme activities were higher for
the normal lambs in each adipose tissue
depot. Callipyge lambs had lower (P =
0.05) glycerophosphate  acyltransferase
activity in subcutaneous adipose tissue at
41 kg. In intermuscular adipose tissue, cach
enzyme activity was fower (I’ < 0.03) at 41
. kgfor callipyge lambs. In perirenal adipose
. tissue, fatty acid synthase and glycerophos-
- phate acyliransferase activities were lower
(P =0.02) for callipyge lambs at 41 kg, and
acyl-CoA synthetase was lower (P = 0.02}
: fOl’ callipyge lambs ar 73 kg.. Serum con-
. centrations of insulin were not affected by
: genotype (P> 0.20). Serum insulin in non-
.:_f?’St_'Ed callipyge lambs was not affected by
b_ﬂ_dy weight, but increased with weight in
_ non-fasted normal lambs (P = 0.03). Two-
day ‘fa.sted lambs had decreased serum
" _nS'_u::h_n in both genotypes, which increased

(P = 0.03) similarly with body weight for
both genotypes. Serum IGF-I was greater
(P = 0.09) in normal lambs at 73 kg, where-
as [GF-1 in 2-d fasted callipyge lambs was
greater (P = 0.03) than normal lambs. No
genotype effects were observed for the rela-
tive proportions of the IGF-binding pro-
teins. We conclude that callipyge lambs
had Jower lipogenic enzyme activities in
adipose tissue than normal lambs, but these
changes were not related to serum concen-
trations of insulin or IGF-I,

Key words: lambs; callipyge; lipogenesis;
insulin

Introduction

The callipyge phenotype is an inheritable
neomutation, and the result of a single
dominant autosomal gene (Cockett et al,,
1994; Cockett et al., 1996). Although
growth rares of callipyge lambs were similar
to normal lambs (Jackson et al., 1997a;
Freking et al., 1998), callipyge lambs were
more muscular, especially in the hind quar-
ters, and lower in fat depth than normal
lambs (Jackson et al., 1997b; 1997c;
Freking et al., 1998). Biochemical charac-
terization of the callipyge lamb has been
limited to muscle, with the calpain/calpas-
tatin system the most thoroughly studied
{Koohmaraie et al., 1995). Collagen and
collagen crosslinking also have been report-
ed (Field et al., 1996). To date no data on
adipose tissue biochemistry have been
reported for the callipyge lamb. The
reduced far deposition previously reported
for callipyge lambs suggests that lipid accre-
tion was down regulated; however, the
mechanism remains unknown. We
hypothesize that adipose tissue lipogenic

enzyme activity is lower in callipyge than in
normal lambs. The purpose of the present
study was to determine if lipogenic enzyme
activity in ovine adipose tissue is influenced
by the callipyge genotype, and to determine
if changes are related to insulin, insulin-like
growth factor-I (IGF-1), and IGF-binding

proteins in serum.

Materials and Methods

Animals.

A serial slaughter of 40 wether lambs
weighing from 18.2 to 74.3 kg was con-
ducted. Lambs were the offspring from
hererozygous callipygous Dorset/ Columbia
rams (CLPG/clpg) mated to normal
Columbia ewes (clpg/clpg). Because the
callipyge phenotype cannot be distin-
guished accurately before 10 wk of age,
lambs under 25 kg were genotyped with
microsatellites flanking the CLPG locus
(Cocketr et al., 1994; Cockett et al., 1996).
Lambs over 25 kg were phenotyped for the
heavy muscling characteristic of the cal-
lipyge expression ot for normal muscling;

Lambs were reared with their dams under
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confinement until reaching slaughter
weight or weaned at about 90 d postpar-
tum. FEwes and lambs were fed chopped
alfalfa hay ad libitum, and the ewes were
supplemented daily with 0.5 kg of whole
barley. Lambs had ad libitum access to a
commercial lamb creep feed until about 90
d of age. After weaning, lambs were adjust-
ed to a diet of 60% whole barley and 40%
pelleted alfalfa offered for ad libitum con-
sumption. Lambs were randomly preas-
signed to a slaughter weight group.
Appropriate guidelines for humane lamb
slaughter were implemented.

Tissue sampling.

Adipose tissue was only sampled from fambs
slaughtered at target live weights of 41, 57,
and 73 kg because the subcutaneous depot
of 25-kg lambs could not provide a sufficient
tissue sample. Subcutaneous, intermuscular,
and perirenal adipose tissue samples were
obtained immediately after stunning, exsan-
guinating, and removing the pelt.
Subcutaneous adipose tissue was dissected
adjacent the 12th rib, and intermuscular adi-
pose tissue was sampled from around the
prescapular lymph node (beneath the trapez-
ius muscle). Tissue samples were wrapped in
aluminum foil, and placed in liquid nitro-
gen. Samples were stored at -70° C unil

analyzed (within 12 wk).

Ten d before slaughter, jugular venous
blood samples were obtained from each
lamb of the 25, 41, 57, and 73-kg target
fve weight groups. Lambs were then fasted
for 48 h, after which a second jugular
venous blood sample was obtained. Lambs
were then provided ad libitum access to
their diet until slaughter. Serum was har-
vested for analysis of insulin, IGE-I, and
IGF-binding proteins.

Adipose tissue and serum assays.

Activities of fatty acid synthase, acyl-CoA
synthetase, glycerophosphate acyltrans-
ferase, and lipoprotein lipase were deter-
mined in dssue homogenates, Fatty acid
synthase activity was determined by quanti-
fying the rate of oxidation of NADPH
(Vernon, 1976; Vernon and Taylor, 1986).
Acyl-CoA synthetase activity was quanti-
fied by determining the rate of palmitare
conversion to palmitoyl-CoA {Shimamura
et al,, 1992). Glycerophosphate acyltrans-
ferase activity was determined by measuring
the rate of incorporation of palmitoyl-CoA

into toral glycerolipids (Rule et al., 1988a),
Total lipoprotein lipase activity was deter-
mined according to Andersen et al. (1996).
All data were expressed per mg of
homogenate protein, as assayed using the
biuret procedure. Tissue freezing in liquid
N did not affect glycerolipid biosynthesis
activity in swine adipose tissue (Rule et al.,
1988b). By using protease inhibitor for
preparation of lipoprotein lipase activity
measurements, activity in frozen prepara-
tions was not inhibited {Rule et al., 1996).
Farty acid synthase activity was nor lost by
tissue freezing in preliminary experiments,

Serum concentrations of IGF-1 were deter-
mined in duplicate as descibed previously
{Echternkamp et al., 1990; Punston et al.,
1995a; Clapper et al., 1998). Relative
amounts of IGF-binding proteins in serum
were analyzed by one-dimensional SDS-
PAGE (Laemmli, 1970) and ligand blotting
(Hossenloop et al., 1986; Howard and
Ford, 1992} as described previously
(Funston et al,, 1995a; Clapper et al.,
1998). Identities of IGF-binding proteins-
2, -4, and -5 in serum were previousiy con-
firmed by immunoprecipitation (Clapper
et al., 1998; Funston et al., 1996a,b). On
the basis of the similarity in molecular
masses of IGE-binding proteins identified
in cattle {Funston et al., 1995; Roberts and
Funston, 1993), the IGF-binding protein
detected as a 40/44 kDa doubler was pre-
sumed to be IGF-binding protein-3. Band
density of each IGF-binding protein was
divided by the band density of the respec-
tive IGF-binding protein present in a stan-
dard ovine serum sample placed on each
gel. These data, expressed as percentages of
standard band densities for each IGF-bind-
ing protein, were compared to determine
cffects of treatment and genotype on each

IGF-binding protein.

Statistical analysis,

Data for lipogenic enzymes were analyzed
by three-way ANOVA to determine effects
of genotype, body weight group, and cissue
depot. Genotype effects across body weight
groups and tissues depots were observed;
therefore, genotype and body weiglt group
effects within adipose depot were reported.
Serurn hormones and IGF-binding protein
data were analyzed by repeated measures to
ascertain the effects of feed restriction, and
by two-way ANOVA to determine effects of
genotype and body weight group. Statistical

Analysis System (SAS, Version 5 Edition;
1985) was used for statistical computations,
Effect of genotype was considered signifi-
cant at P < 0.10; however, actual P values
were noted for the readers’ interpretation.

Results and Discussion

Live weights at slaughter were slightly lower
than the target weights because of shrink
caused by the overnight stand without feed
before slaughter. Actual live weights (mean
+ SEM) for the 25, 41, 57, and 73-kg
groups, respectively, were as follows: 22.1 +
0.6,37.7£0.8,52.5 £ 0.9, and 70.4 £ 2.3
for the callipyge lambs, and 18.7 = 0.5,
356 0.9, 53.8 £ 1.2,and 67.9 £ 1.1 for
the normal lambs. The mean age within
target weight groups were similar for nor-
mal and callipyge lambs (25-kg: 100 vs.
103 d; 41-kg: 148 vs. 147 d; 57-kg: 163 vs.
160 d; 73-kg: 246 vs. 244 d, respectively).
Expression of the callipyge gene did not
affect growth rate when normal and cal-
lipyge lambs were fed similar diets
(Snowder et al., 1994; Jackson et al.,
1997b).

Lipogenic enzyme activities,

Across body weight group and adipose tissue
depot, genotype cffects were observed for
fatry acid synthase (P = 0.02}), acyl-CoA syn-
thetase (P = 0.02), glycerophosphate acyl-
transferase (P = 0.009), and lipoprotein
lipase (P = 0.10), with callipyge lambs hav-
ing the lower activity for each enzyme.
Across genotype and adipose tissue deport,
body weight group effects (P £ 0.03) were
observed for each enzyme. Fatry acid syn-
thase and acyl-CoA synthetase activities were
lowest at 41 kg, intermediate at 57 kg, and
highest at 73 kg. Glycerophosphate acyl-
wransferase and lipoprotein lipase activities
were highest at 57 kg, and lowest and 41 and
73 kg; these enzyme activities were similar at
the latter two body weights. Across geno-
type and body weight group, adipose tissue
depot effects were observed for each enzyme
(P < 0.001) except for glycerophosphate
acyltransferase {P = 0.23). Farry acid syn-
thase and acyl-CoA synthetase activities were
highest in perirenal adipose tissue, but were
similar for subeutaneous and intermuscular
adipose tissue, and lipoprotein {ipase activity
was lowest in subcutaneous adipose tissue,
but similar for perirenal and intermuscular
adipose tissues. No genotype x adipose tis-
sue depot interactions were observed (P =

40
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0.13 to 0.89). No genotype x body weight
group x adipose tissue depot interactions
were observed (P = 0.08 to 0.64). A geno-
type x body weight group interaction was
observed for glycerophosphate acyltrans-
ferase (P < 0.001), but not for the other
enzyme activities (P = 0.21 o 0. 90}.

Lipogenic enzyme activitics in callipyge and
normal lambs for the three adipose tissue
depots are presented in Tables 1-3. Except
for acyl-CoA syntherase at 41 kg and glyc-
erophosphate acyltransferase at 57 kg,
numeric values for subcutaneous adipose
tissue lipogenic enzyme activities (Table 1)
were higher in normal lambs than in cal-
lipyge lambs. Fatry acid synthase activity in
subcutaneous adipose tissue tended to be
greater in normal lambs with the greatest
difference expressed at 73 kg (P = 0.12).
Glycerophosphate acyltransferase activity in
subcutaneous adipose tissue was greater for
normal lambs at 41 kg (P = 0.05), but tend-
ed to be greater for normal lambs at 73 kg
(P = 0.11). In contrast, glycerophosphate
acyltransferase activity in subcutaneous adi-
pose tissue of 57 kg callipyge lambs tended
to be greater (P = 0.08) than thar in the
normal lambs. Lipoprotein lipase activity
in subcutaneous adipose tissue tended to be
greater in normal lambs (P values ranged
from 0.12 to 0.54). Overall, lipogenic
enzyme activities of fatty acid synchase,
acyl-CoA synthetase, and lipoprotein lipase
in subcutaneous adipose tissue increased
with increasing weight with higher values
generally observed in normal lambs com-
pared to callipyge lambs.
Glycerophosphate acyltransferase activity in
callipyge lambs was similar at 57 and 73 kg
(P > 0.05), but in normal lambs, this
enzyme activity increased by nearly 60% (P
< 0.05) between 57 and 73 kg.

Similar to subcutaneous adipose tissue,
numeric values for enzyme activities in
intermuscular adipose tissue were generally
greater in normal than in callipyge lambs,
except for fatry acid synthase at 73 kg,
which tended to be greater (P = 0.09) in
callipyge than in normal lambs (Table 2).
For each enzyme in intermuscular adipose
tissue, normal lambs had greater activiry (P
=0.05 t0 0.001) than callipyge lambs ar 41
- kg. Except for fatry acid synthase activity at
L :73 kg, no genotypic differences (P = 0.24)
M0 enzyme activities were observed ar 57

.and 73 kg

Table 1. Lipogenic enzyme activity® in subcutaneous adipose tissue of callipyee
p pyg
and normal lambs from 41 to 73 kg
Weight Genotype
Enzyme group, kg  Callipyse  Nomnal SE® P-value®
Fatty acid 41 17.8¢ 2771 8.0 0.41
synthase 57 78.0° 87.6° 15.0 0.66
73 81.3° 130.2° 19.9 0.12
Acyl-CoA 41 46.5¢ 41.2° 3.6 0.34
synthetase 57 59.6¢ 67.4" 54 0.34
73 103.5° 115.0° 11.0 0.50
Glycerophosphate 41 33.3¢ 474" 4.3 0.05
acyltransferase 57 64.2° 47.2¢ 58 0.08
73 55.9° 75.4° 7.5 0.11
Lipoprotein 41 31.0° 39.1¢ 4.0 0.16
lipase 57 56.1° 64.0° 9.0 0.54
73 61.0° 81.1° 8.1 0.12

4Units of enzyme activity were as follows: Fatty acid synthase, nMol NADPH oxidized * 15 min~!
* mg of homogenate protein™!; acyl-CoA synthetase, nMol palmitate converted to palmitoyl-
CoA * 10 min™! » mg of homogenate protein”!; glycerophosphate acyltransferase, nMol glyc-
erol-3 phosphate converted to glycerolipid * 10 min™' * mg homogenate protein™l; lipoprotein
lipase, nEquivalents of farty acid released » 10 min-1 » mg of homogenate protein™.

bStandard error (SE) and probability (P) values were determined by ANOVA for com pari-
son of genotype within a body weight group. N=5 per genotype within each weight group.
&€ Within a column, for each enzyme, genotypic means without a common superscript

letter differ within weight groups (P < 0.05).

Tabtle 2. Lipogenic enzyme activity” in intermuscular adipose tissue of callipyge
and normal lambs from 41 to 73 kg
Weight Genotype
Enzyme group, kg Callipyge Normat SE® P-value®
Fatty acid 41 33.4¢ 64.7° 27 0,001
synthase 57 93,9° 107.2° 81 0.28
73 108.4° 86.4° 80 0.09
Acyl-CoA 4] 27.4° 41.44 44 0.5
synthetase 57 58.24 61.3 57 0.71
73 83.7° 117.4° 183  0.24
Glycerophosphate 41 36.0° 59.4° 25 0.00!
acyltransferase 57 60.0° 63.6° 58 0.66
73 43.5¢ 40,9 51 0.73
Lipoprotein 41 53.0° 89.1° 7.9 0.2
lipase 57 89.2° 79.9 99 0.54
73 76.1% 61.9¢ 9.1 0.33

4Units of enzyme activity wete as follows: Fatty acid synthase, nMol NADPH oxidized * 15 min”

» mg of homogenate protein™!; acyl-CoA synthetase, nMol palmitate converted to palmitoyl-
CoA ¢ 10 min™* * mg of homogenate protein™!; glycerophosphate acyltransferase, nMol glyc-
erol3 phosphate converted to glycerolipid * 10 min™ * mg homogenate protein™ i Hpoprotein
ipase, nEquivalents of farty acid released » 10 min™! * mg of homogenate protein”!.

Standard error (SE) and probability (P} values were determined by ANQVA for compari-
sop of genotype within a body weight group. N=5 per genotype within each weight group.
&€ Within a column, for each enzyme, genotypic means without a common superscript
letter differ within weight groups (P < 0.05).
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Table 3. Lipogenic enzyme activity® in perirenal adipose tissue of callipyge and
normal lambs from 41 to 73 kg
Weight Genotype
Enzyme group, kg Callipyge Normal SE®  P-value®
Fatty acid 41 56.1° 84.14 68 0.02
synthase 57 124.5¢ 147.8° 97 0.13
73 157.9° 180.7° 16.1 0.34
Acyl-CoA 41 50.5° 64.2° 68 0.19
synthetase 57 79.4° 118.2¢ 124 006
73 119.2° 152.3° 82 0.02
Glycerophosphate 41 38.1¢ 62.8° 60 0.02
acyltransferase 57 79.7¢ 67.9° 60 020
73 36.29 42.4¢ 65 052
Lipoprotein a1 79.0 93.9% 130 044
lipase 57 87.0 102.2° 101 033
73 75.9 66.14 89 047

2Units of enzyme activity were as follows: Farry acid synechase, nMol NADPH oxidized * 15 min”
* mg of homogenate protcin‘l; acyl-CoA synthetase, nMol palmicate converted to palmizoyl-

CoA » 10 min"l' « mg of homogenare protein™!; glycerophasphate acyltransferase, nMol glyc-

erol3 phosphate converted to glycerolipid « 10 minl mg hemogenate protein™; lipoprotein

lipase, nEquivalents of farry acid relcased * minl « 10 mg of homogenate protein” f

bSeandard error (SE) and probability (") values were determined by ANOVA for comparison of

gf:‘ilotypc within a body weight group. N=5 per genotype within each weight group.

&8¢ Within a column, for each enzyme, genotypic means withour a common superscript letter

differ within weight (P < 0.05).

In perirenal adipose tissue, farty acid syn-
thase activity was greater (P = 0.02) in nor-
mal lambs at 41 kg, and tended (P = 0.13)
to be greater in normal lambs at 57 kg
(Table 3). Acyl-CoA synthetase activity in
perirenal adipose tissue was greater in nor-
mal lambs at 57 (P = 0.06) and at 73 kg (P
= 0.02). Glycerophosphate acyltransferase
activity was greater (P = 0.02) in normal
lambs at 41 kg, bur did not differ ar 57 and
73 kg. Lipoprotein lipase activity in perire-
nal adipose tissue did not differ between
normal and callipyge lambs. Across weight
groups, activities of farty acid synthase and
acyl-CoA synthetase increased (P < 0.05)
with increasing weight in perirenal adipose
tissue. Across adipose tissue depots,
lipogenic enzyme activity was greater in
perirenal adipose tissue compared to subcu-
tancous (Table 1) and intermuscular adi-
pose tissues {Table 2).

Expressing lipogenic enzyme activity on a
protein basis accounts for potential differ-
ences in adipose tissue cellularity because as
adipocytes decrease in volume, the protein

concentration should increase, as well as the
number of adipocytes per gram of tissue.
Adipose tissue homogenate protein concen-
tration across weight group was not affect-
ed by genotype for either subcutaneous (P =
0.85) or perirenal (P = 0.15) adipose tis-
sues. For perirenal adipose tissue across
genotypes, protein concentration was great-
est (P < 0.001) for the 41 kg lambs (7.78
mg/ g tissue), whereas, protein concentra-
tion for the 57 kg lambs (4.10 mg/g dssue)
tended (P = 0.16) to be greater than for the
73 kg lambs (2.80 mg/ g tissue). In subcu-
taneous adipose tissue across genotype, pro-
tein concentration for the 41 kg lambs
{9.88 mg/ g tissue) was greatest (P = 0.003),
intermediate for the 57 kg lambs (5.98 mg/
g tissue), and lowest (P = 0.05) for the 73
kg lambs (3.38 mg/ g tissue). In the inter-
muscular adipose tissne depot, an interac-
ton (P = 0.008} berween genotype and
weight group was observed. The 41 kg
lambs had greater {P < 0.001) protein con-
centration (8.20 mg/ g tissue) than either
the 57 kg lambs (4.32 mg/ g tissue) or the
73 kg lambs {(3.55 mg/ g tissue), both of
which were similar (P = 0.42). The 41 ke

callipyge lambs had over twofold the pro-
tein concentration (11.08 mg/ g tissue) of
the other genotype and weight groups, all
of which had similar (P = 0.42) protein
concentration in the intermuscular depot
{3.50 to 5.32 mg/ g tissue). Fot each geno-
type and dssue depot, the effect of weight
group suggests that as animal weight
increased protein concentration decreased,
which also would be expected for adipocyte
number per g of tissue. Expressing data on
a tissue weight basis {data not shown)
altered few of the genotype comparisons,
with the major exceprion being the 41 kg
callipyge lambs in the intermuscular depot
where on a tissue weight basis genotype
effects were diminished. Thus, expressing
the data on a protein basis proved to be an
acceptable comparison of normal and cal-
lipyge Jamb lipogenic enzyme activity.

Our data indicate a general depression in
lipogenic enzyme activity across adipose tis-
sue depots and at various body weights of
callipyge compared with normal lambs.
Callipyge lambs used in the present study
were leaner over the growth curve than the
normal lambs (Snowder et al,, 1998).
Thus, lower fat deposition during growth
in callipyge lambs can be arttributed, in
part, to lower lipogenic enzyme activities
than in normal lambs. However, the mech-
anism by which lipogenic enzyme activities
were decreased cannot be discerned from
the present study. Genetic predisposition
to lower rates of lipid accretion may partial-
ly characterize callipyge lambs because
models of genertic obesity, such as porcine
obesity, have greater lipogenesis in adipose
tissue at various times during postnatal
growth (Mersmann, 1986). Moreover, adi-
pose tissue of Meishan pigs {an obese
model} had greater activides of lipogenic
enzymes, especially during periods of great-
est fat deposition (Mourot et al., 1996). In
Zucker obese rats, lipogenic enzyme activi-
ty in adipose tissue was greater than in lean
rats even during periods of feed restriction
{Cleary et al., 1987). Based on these exam-
ples, lower lipogenic enzyme activities in
callipyge adipose tissue may have been the
resule of genetic down-regulation of lipoge-
nesis compared with their normal counter-
parts.

Alternatively, the depressed enzyme activi-
ties observed in callipyge adipose tissue may
have occurred through increased cellular
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utilization of substrate supply by muscle,
feaving adipose tissue in a state of reduced
substrate availability. Pothoven and Beitz
{1975) clearly demonstrated a reduction in
lipogenesis and lipogenic enzyme activity in
adipose tissue of fasted cattle, In response
to fasting, endocrine and metabolite
E changes occur rapidly in cattle (Rule er al,,
1985), as well as in sheep as illustrated in
i the present study with insulin (Table 4).
- Feed restriction, as opposcd to fasting, also
reduces activities of lipoprotein lipase and
glycerophosphate acyltransferase in adipose
tissue of growing lambs (Andersen et al,,
1996). In the present study, the most pro-
nounced differences in enzyme activities
occurred at the lighter weights, suggesting
that at 41 kg, cthe muscular hypertrophy
occurring in the callipyge lambs may have
resulted in the greatest competition with
adipose tissue for lipogenic substrates.

Serum concentrations of insulin, IGF-I, and
IGF-binding proteins.

No genotypic effect on non-fasted or fasted
serum concentrations of insulin (Table 4)
were observed at any of the body weights
studied (P > 0.20). For both callipyge and
normal lambs, fasted insulin values were
lower than the non-fasted values (P < 0.05).
For the non-fasted callipyge lambs, serum
insulin concentrations were not affected by
body weight group (P = 0.19); however,
fasted insulin concentrations were greater
(P < 0.01) for the 57 and 73 kg callipyge
lambs than for the 25 and 41 kg callipyge
lambs. In normal lambs, serum insulin
concentrations increased with bady weight
for both non-fasted values (P = 0.03) and
fasted values (P = 0.01). Serum insulin
concentrations in non-fasted callipyge and
normal lambs also were not different in a
previous study (Whisnant er al., 1998).

Genotype effects on IGF-T concentrations
were observed only for the 73-kg lambs
(Table 4). For non-fasted lambs, callipyge
. had lower IGF-T values (P = 0.09) than nor-
mal lambs. After fasting, however, IGF-I
. concentrations in callipyge lambs were
i greater (P = 0.03) than in normal lambs.
_. F.or both genotypes, fed IGF-I concentra-
2 tons increased (P < 0.01) with develop-
ment from 25 to 41 kg and did not change
th_d_reafter for callipyge, but continued to
Increase (P < 0.01) for normal fambs. For
 fasted lambs, IGF-1 concentrations tended
10 _'_c;(:minuaily increase for the callipyge
e e,

Table 4. Insulin and insulin-like growth factor-I (IGF-I) concentrations in non-
fasted and fasted callipyge and normal jambs from 25 to 73 kg
Genotype®
Weight Callipyge Normal
group, kg Non-fasted  Fasted Non-fasted  Fasted
Insulin, pIU/mL
25 10.9 5.6 10.9¢ 6.9°%
41 13.8 7.8% 12.0% 6.8°%
57 13.6 11.2° 15.0%° 10.3%
73 14.1 1175 16.7° 12.1*
SE 1.1 0.8 1.3 1.1
IGF-I, ng/mL
25 41.8¢ 25.8¢ 38.3¢ 20.2%
41 1253 81.6% 119.7%¢ 69.5%
57 92.2% 104.4 84.9° 86.0°
73 75.25¢ 117.5° 132.6" 76.3%
SE 13.4 8.4 13.8 10.3

No effect of genatype (P > 0.2) was observed for non-fasted ar fasted serum insulin concentrations. For
1GF-, genotype effects were observed only for the 73 kg lambs, in which IGF-I was greater for normal
lambs (P < 0.09), bus fasted values were fower for normal fambs (P = 0.03) chan for the callipyge fambs.

hCal

0.03 for insulin, and P < 0.01 for IGE-D).

Within a column, means withour a common superscript letter differ within weight groups (I* <

*ithin a column depicting common genatypic means (cither callipyge or normal), non-fasted values

were different from fasted values (P < 0.01).

YWithin a column depicring commeon genotypic means (either callipyge or normal), non-fasted values

were differenr from fasted values (P < 0.05).

lambs, but for the normal lambs, fasted
IGF-I reached a plateau by 41 kg of live
weight, Similar observations were reported
for callipyge compared with normal lambs
in the fed state (Hossner et al.,, 1995;
Whisnant et al., 1998).

Six IGF-binding proteins wete detected in
serum. On the basis of immunoprecipita-
tion in previous studies {Roberts and
Funston, 1993; Funston et al., 1993ay;
Funston et al., 1996; Clapper et al., 1998;
Snyder et al., 1999), these proteins were
idendified as a 29 kDa IGF-binding protein
{(presumably IGF-binding protein-1;
Gallaher et al., 1992}, IGF-binding pro-
tein-2 (34 kDa), IGF-binding protein-3
(40 and 44 kDa), and 1GF-binding pro-
tein-4 (24 and 28 kDa). Standardized band
densities for each IGF-binding protein were

expressed as a percentage of the respective
IGF-binding protein in a standard ovine
serum sample in Table 5. No genotypic
effect was observed for IGF-binding pro-
teins for cither non-fasted or fasted lambs
(P » 0.20). This result conttasts that
reported by Hossner et al. (1995} wherein
feed restriction reduced IGF-I binding to
IGF-binding protein-4 by 55% in normal
lambs, bur not in callipyge lambs.

Fasting resulted in reductions (P < 0.01) in
the proporzions of IGF-binding proteins-4,
and the 29 kDa binding protein; whereas,
fasting resulted in increased proportions of
the 40 and 44 kDa IGF-binding protein-3.
No effect of fasting was observed for IGF-
binding protein-2. In serum of non-fasted
lambs, proportions of the 24 and 28 kDa
IGF-binding proteins increased (P < 0.05)
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Table 5. Standardized IGF-binding protein petcentages in non-fasted lambs and after 48 hours of fasting,
from 25to 73 kg
IGF Binding Proteins®
Weight BP-4 BP-4 BP-3 BP-3 BP-2 BP
Condition group, kg 24 kDa 28 kDa 40 kDa 44 kDa 29 kDa
Non-fasted 25 20.7¢ 26,91 35.0° 38 4.4 9.3
41 27.8° 38.0° 1744 33 52 8.4
57 27.4 33.04 20,04 4.9 6.2 8.5
73 29.1° 34.8° 21.3° 3.1 44 7.3
SE 2.4 2.6 4.6 0.7 0.6 1.0
Fasted 25 8.4° 9.3 58.0° 13.0° 5.6 5.6
41 16.74 20.7° 43.14 79" 5.4 6.2
57 19.7% 23.4° 36.8° 7.2 5.7 72
73 23.9° 27.1° 31.6¢4 6.3 49 6.2
SE 2.2 2.7 45 1.1 0.4 0.5

“Pixel density for each IGF-binding protein/pixel density for the respective IGF-binding protein in a standard avine sereum sam-

ple x 100.

YFed was different from fasted (P < 0.01) for each BP excepr for BP-2 (P = 0.31).
“*Wirhin a condition, columns with weight group means with different superscript lerters differ (P < 0.05 for non-fasted lambs

and P < 0.01 for fasted lambs).

from 25 0 41 kg of live weight, whereas the
proportion of the 40 kDa binding protein-
3 decreased (P < 0.05). Similar types of
responses (P < 0.01) to growth occurred for
the IGF-binding proteins after fasting,
except that the proportion of the 44 kDa
binding protein-3 decreased from 25 to 41
kg of live weight (P < 0.01).

The major changes in proportions of the
IGF-binding proteins occurred from 25 to
41 kg of body weight. IGF-I concentra-
tions also changed to the greatest extent
between 25 and 41 kg of body weight.
Because components of the IGF-I system
may change independently of changes in
the circulation, it remains possible that
IGF-T and IGF-binding proteins in discrete
tissues could differ among callipyge and
normal lambs and thereby influence growth
and fat accretion in a paracrine or autocrine
fashion (McGuire et al.,1992; Jones and
Clemmons, 1995; Snyder et al., 1999).

The relationships between insulin, IGF-I,
and IGF-binding proteins with lipogenic
enzymes were not readily apparent in the
present study. Little, if any, effect of geno-
type occurred for the serum hormones
measured, whereas callipyge adipose tissue
had lower lipogenic enzyme activities. .

In conclusion, lipogenic enzyme acrivities
in adipose tissue of cllipyge lambs were
generally lower than normal lambs. This
observation may partially explain the
reduced fat deposition common to cal-
lipyge lambs during growth, but the mech-
anism of the lower enzyme acrivities
remains unclear. Liule effect of genotype
on serum insulin, IGF-I, and IGF-binding
proteins was observed; however, responsive-
ness of adipose tissue or muscle to these
hormones is not known. Further research
on growth factor effectiveness and IGF-
binding proteins in muscle is needed to
determine how these clements affect the
growth differential between callipyge and

normal lambs.

Implications

The callipyge lamb offers consumers a lean-
er, more muscular alternative to commen
lamb. Moreover, the callipyge lamb may
also represent a model for a genetically lean
animal. The lower lipogenic enzyme activ-
ities partially explain the lean qualities of
the callipyge lamb; however, further
research is necessary to elucidate the mech-
anism for the enzymatic changes, as well as
the role growth factors play in expression of
the callipyge phenotype.
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Technical Note

Genetic Control of Color in Dorper Sheep and Their Crosses

South African Dorper sheep were imported
into the U.S. during the 1990%, and have
generated considerable interest within the
American sheep industry. The typical South
African Dorper is a white animal with a
black head, although both entirely white
animals and white animals with red heads
also occur. The Dorper breed was derived
from crosses berween the Dorset and the
Blackhead Persian, beginning in the 1940%
(Milne, 2000), and the Dorper color pattern
is essentially the same as thar of its
Blackhead Persian parent. The typical
Dorper coat is composed predominantly of
hair fibers, although many animals possess a
detectable proportion of wool fibers and
some have a distinctively wooly coat (Cloete
etal., 2000). Shedding of wool fibers, when
they are present, is common, and shearing is
not practiced in commercial flocks.

Many of the lambs produced by crossing
blackheaded Dorper rams to ewes of
American wool breeds are spotted or, in
some cases, almost entirely black. In con-
trast, offspring of whiteheaded Dorper
rams are normally whire. As a result, some
breeders have developed a preference for
the white Dorper, while others prefer black-
- headed animals. In all cases, the fleeces of
. crosses between Dorpers and wool breeds
+i are a mixture of wool and hair fibers and
have licde, if any, value.

The inheritance of color in Dorpers and
theu- crosses is complex, but relatively well
._u:nderstood (Sponenberg, 1997). The
entes controlling color in Dorpers are dis-

Uner from those that control color in most

e,

D. R. Notter *! and D.B Sponenberg-r

American wool breeds, leading to novel
combinations of genes influencing color in
crossbred animals.

In American wool breeds, color is con-
trolled predominantly by the Agouti (or A)
gene. The predominant allele at this locus
is AW*which is a dominant allele produc-
inﬁywhite Heeces in most wool breeds. The
AW¥ allele is also associated with red or tan
color in hair sheep and in a few wool breeds
such as the Tunis, Several other alleles can
be found at the Agouti locus
(Adalsteinsson, 1970; Sponenberg, 1997),
but most are rare in U.S. wool breeds. The
most common alternative form of the gene
is. A%, which is complerely recessive and per-
mits expression of colored wool. Animals of
genotype A%A? are generally black,
although the final expression of color can
be influenced by other genes. The other,
rarer Agouti alleles are intermediate ro AWE
and A% in degrec of dominance and pro-
duce various color patterns including bad-

gerface (or blackbelly) and black-and-tan.

Most of the colored sheep that occasionally
appear in U.S. wool breeds are homozygous
for A# at the Agouti locus. Most such ani-
mals are black or, occasionally, brown.
Brown color is controlled the Brown {or B)
gene. The dominant and most common
allele at the B locus is B, which produces
black wool. A rare alternative, recessive
allele, Bb, produces a brown fleece which is
sometimes known as a "moorit” fleece.
Most black sheep that appear in U.S. wool
breeds are of genotypes A%A?B*B* or
A%4%B*Bb_ The common observation that

black coats in young lambs often fade to
gray or that brown coats often fade to ivory
results from the action of more poorly
understood genetic modifiers.

In contrast, color in Dorpers is controlled
predominantly by two different genes: the
Extension gene and the Pigmented head gene.
The dominant allele ar the Extension locus
(ED) produces black fibers, whereas the
alternative recessive allele (E%) permits
wool color to be defined by other genes.
Most blackheaded Dorpers are EDED o
EDE* These animals are not solid black
because the effect of 2 is modified by the
associated Pigmented head (or Ph) gene. In
Dorpers, animals commonly catry the
Persian allele (P/rp) at the F locus. Two
copies of PP produce the classic Darper
color pattern. The typical blackheaded
Dorper is thus EPELPREPAE. To fully
understand Dorper color, especially in
crosses, requires a change in viewpoint: the
typical Dorper is not a whire sheep with a
black head. Instead, it is a black sheep
whose body is covered with a large white
spot resulting from the PHPH genotype,
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Crosses between the Dorper and U.S. wool
breeds may thus carry both dominant white
(AW’) at_the Agonti locus and dominant
black (ED) at the Extension locus. When
this happens, the animal will be black
because ED takes precedence over AWt
Dominant black is also present in a few
wool breeds. Black Welsh Mountain,
Karakul, and Jacob sheep all express domi-
nant black. Crosses between homozygous
EPED animals of these breeds and white
wool breeds produce only black offspring.

The typical Dorper ram is EPEDpil pyf
(black with a white body). The Agouti alle-
les that are present in Dorpers are not real-
ly known because £ and P4 commonly
mask their expression. The typical white
ewe of a US. wool breed is
AW AWEES E+ Pt Pt (a white ewe carry-
ing recessive, and therefore unexpressed,
alleles at the Extension and Pigmented head
loci). Brown generally can be ignored
because BY is rare and in crossbreds will
usually be masked by either 4% or ED. A
cross between these two types of animals
(F{éurc 1) produces lambs that are
AWATEDE ppPpp+ where 47 indicares
that the Agouti allele obtained from the
Dorper is usually not known. These lambs
are commonly black with spots. Spotting
oceurs because animals that have only one
copy of PhP exhibic spotting instead of a
uniform white body color. The P4¥PA*
animal thus has an intermediate level of
spotting berween that of PHPR and
Ph*Ph*, and most crossbreds are black ani-
mals with spots.

Some exceptions to this classic pattern of
color inheritance in Dorper crosses occur.
All Dorpers do not have black heads, some
Dorper crossbreds are solid black, and a few
Dorper crossbreds out of blackheaded rams
are solid whice.

Whiteheaded Dorpers are homozygous for
the recessive E7 allele at the Extension locus
and therefore do not express black color, In
South Africa, these sheep arose from selec-
tion among foundation crosses between
Dorset and Blackhead Petsian or from use
of other white South African hair breeds
such as the Van Rooy {(Campher et al.,
1998) in devclopment of the Dorper
(Milne, 2000). Crossbred offspring of
white Dorper rams should normally be of
genotype AWLATE*E+PEPPE*, and are

expected to be white.

Many purebred Dorpers in the U.S. have
been graded up by repeated matings of
purebred Dorper rams to crossbred ewes,
These animals carry residual amounts of
genetic material from the ewe breeds used
to make the initial crosses and may also
occasionally carry color alleles from these
animals. Production of solid white cross-
bred offspring from a blackheaded ram can
occur if the Dorper ram carries only one
copy of ED. Such a ram (EPE+PH PAD)
would have a typical Dorper color pattern,
bur one half of his crossbred offspring
(Figure 2) are expected to receive the £*
allele and, in crosses with wool breeds,
would be white (AW’ E+E+ PAPPh*); the
other half are expected to be spotted
(AWM?EDE"'P}JP Ph*).  Heterozygous
EPE* rams can result from grading up in
U.S. flocks or from the presence of white
Dorper ancestors in the animal’s pedigree.
Recent molecular characterization of the
Extension gene (Vage et al, 1999) may
allow development of a DNA test ro identi-
fy cartiers of E¥,

Solid black ctossbred animals can occut if
Dorper males carry only one copy of the
Persian allele ac the Pigmented head locus
(EPEPPHTPE). Such a ram would himself
be spotted, a common occurrence in the
early generations of a gtading-up program.
In marings with white wool ewes (Figute 3),
half the progeny are cxpected to be
AWE gD g+ prP pp+ (spotted) and half are
cxpected to be AWEA’ED B+ pit ppt {black).

Finally, spotted Dorper animals may carry
only one copy of both ED and PP (Figure
4). This situation would not be surprising
in commercial Dorper rams produced in
upgrading programs, Matings of such ani-
mals to white wool ewes would produce the
full array of color patterns with expected
frequencies of 50% white, 25% spotted,
and 25% black.

These general rules should allow color to be
predicted with reasonable accuracy in
Dorpers and their crosses. Some exceptions
may accur as a result of unanticipated inter-
actions berween the Agowzi alleles of wool
breeds and the Extemsion and Pigmented
Head alleles of the Dorper, but should be
few in numbet. Frequencies of the various
Agonti alleles in Dorpers are not well known
{because they are normally covered up by
EP) bu may result in unexpected color pat-

terns in some Dorper crosses. The extent of
spotting in PATP4* individuals is likewise
variable, ranging from predominantly black
to predominandy white.

There are a few other genes that may occa-
sionally be expressed in crossbreds. A sepa-
rate Spotting gene exists in some U.S. breeds
(Sponenberg, 1997). A recessive allele ar
this locus ($°) is responsible for spotting in
Jacob sheep and is present in some wool
breeds. In some cases, sheep thar carry this
gene have wool in the black areas that is
longer and coarser than that in the sur-
rounding white areas, producing a unique,
sculpted fleece. A difference in rate of wool
growth between black and white areas has
been observed in a few Dorper crosses (D.
R. Notter, unpublished}. It is not known if
this parcern of fiber growth occasionally
accompanies spotting associated with
PHPH* or tesults from the action of other
SpOLIing genes.

Prediction of color is more difficule when
Dorpets are mated to ewes of hair sheep
breeds. In the U.S., crossing of Dorper rams
on Karahdin ewes is widespread, and the
Dorper is becoming popular in the
Caribbean and Latin Ametica as a terminal
sire for use on local hair sheep breeds. The
greater complexity in predicting color when
Dorpers are crossed with other hair breeds
has two sources, First, many hair sheep of
genotype A WAWE or AWEAT are tan, red, or
brown rather than white (Sponenberg,
1997). The AW?allele is thus expressed dif-
ferently in hair breeds and can result in a
range of colors from pure white to dark red
or brown. The factors controlling expression
of AW in hair brceds ate not well under-
stood, but relate to the obsetvation that color
intensity is generally greater in coarser pri-
mary follicles and in hair than in finer sec-
ondary follicles. Differential expression of
AW accounts for the occasional redheaded
Dorper. Crosses between Dorpers and
Katzhdins may express a range of colors
including solid black, solid white, solid red

or tan, and black-and-white spotting.

Caribbean and Latin American hair breeds

are also more likely (o carry alleles at the 4~

locus that result in color patterns (such as

blackbelly). Intetactions of these alleles with :

alleles at the E and Phloci of the Dorper can
result in a wide range of color parterns. The

A alleles that produce color patterns are gen-

erally recessive to A", resulting in unantic-
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ipated color paterns in crosses.

Development of a white Dorper flock
should be relatively easy, once the E¥ allele
has been introduced through crossing with
white wool sheep or use of white Dorpers.
ED is dominant, so whenever it is present, it
will be expressed and can be removed by
culling animals that show color. This cannot
be done in the first generation after using a
pute blackheaded Dorper ram (EPE
because all offspring will be black, but white
individuals will appear in future generations
involving matings with white Dorpers or
between crossbred rams and ewes.

Fixation of the typical Dorper color pattern
in flocks developed by grading up from
ewes of wool breeds will initially be chal-
lenging. Spotted animals will be common
due to segregation of PA alleles and white

animals will occur when parents are FPE*.
But with some attention to color, the fre-
quency of occurrence of white individuals
in a blackheaded flock eventually need not
be meaningfully higher than the frequency
of occurrence of colored animals in flocks
of white wool breeds.
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Fig. 2
Figure 2. When cwes of white wool breeds are mated to blackheaded Dorper rams that are heterozygous at the £ locus, 50% of the result-
ing lambs are expected to be white and 50% are expected to be spotted.
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Fig. 3
Flgl.u'e 3. When ewes of white wool breeds are mated to spotted Dorper rams (P47 Ph*) that are also homozygous for E, 50% of the result-
ing lambs are expected to be black and 50% are expected to be spotted.
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Figure 4. When ewes of white wool breeds are mated to spotted Dorper rams that are heterozygous at both the E and Ph loci, the
resulting lambs are expected to be 50% white, 25% black, and 25% spotted.
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Research Note

Influence of Supplement Form on
Ewe Performance and Reproduction

N. Taylor*, B G. Hatﬁeld*l, B.E Soweﬂ*, and G. S. LewisT

Supplementing ewes grazing dormant
rangeland pasetures with protein is a com-
mon practice in the Northern Great Plains.
Supplement form can impact individual
animal intake and performance. Ducker et
al. (1981) reported that 19 % of 2,931
grazing ewes failed to consume any supple-
menrs when offered supplement in block
form. Taylor et al. (2000) reporced that
only 2 % of ewes given pellets were non-
consumers, while 35 % of those offered
blocks were non-consumers. Bowman and
Sowell (1997) summarized a number of
ewe studies and reported that the mean
coefficient of variations in supplement
intake by ewes that were hand-fed pelleted
supplements were significantly less than
those reported for block-fed ewes.
However, few studies have examined how
these two-supplement forms affect ewe per-
formance when fed under commercial con-
ditions. The objective of this study was to
compare how supplement form (pellets or
cooked molasses block) influenced ewe
body weight, body condition, wool charac-
teristics, and lambing percentage.

Range ewes (n = 698, 2 to 6 years of age)
were used -in a 30-day supplementation
study during mid-gestation to evaluate the
influence of type of supplement on ewe body
weight, body condition, wool characteristics,
and lambing percentage. In February, ewes
were allocated randomly to supplement
treatments, Supplement treatments were 1)
ad libitum access to a 80 % CP cooked
molasses block (n = 3 50) and 2) daily feed-

ing of a 25 % CP urea/wheat mid pelleted
supplement at the rate of 114 geewe-1*day-
1 {n = 348; Table 1). Ewes were fed a basal
diet of batley straw {0. 9, 76, and 54 % CP,
NDE and ADF, respectively).

Ewes were weighed and body condition
scored at the beginning and end of the sup-
plementation period. Ewes were penned
overnight without feed or water before each
weighing. Body condition was based on a
scale of I to 5 with a score of 1 designating
an emaciated ewe and 5 designating an
obese ewe. After the study, ewes were com-
bined into one group, supplemented with
the pelleted supplement until April, when
ewes grazed native range without supple-
mental feed. Ewes were shorn approximate-
ly 30 days after the end of the supplemen-
tation study. Fleece weights were recorded
at shearing. In addition, wool yield and
fiber diameter were determined.

Body weight, body condition, and wool
characteristics were analyzed using the
General Linear Model procedures of SAS
(1993) with ewe as the experimental unit.
The model included supplement treatment
with ewe age and lambing date as covari-
ables. Lambing percentage was analyzed
using Chisquare (SAS, 1993).

Based on disappearance of the block sup-
plement, average CP intake for block-sup-
plemented ewes was approximately 28 g
CPrewe-1+day-1. This was similar 10 CP
intake by pellet-supplemented ewes (i.e.,

114 g pellet*ewe-1+day-1 x 25 % CP =
28.5 g CPeewe-1 *day-1). lock supplement-
ed ewes lost body weight while pellet sup-
plemented ewes gained body weight (P =
0.001, Table 2). There was no effect (P =
0.28) of supplement form on body condi-
tion score (Table 2) or on grease fleece
weight {P = 0.69), clean wool fiber percent-
age (P = .91), or fiber diameter (Table 3).
Finally, there was no effect (P = 0.61) of
supplement form on lembing percentage

(Table 2).

Body weight loss by ewes in the block treat-
ment could possibly be explained by varia-
tion in individual intake as noted by Taylor
et al. (2000) in which 35 % of the black-
supplemented ewes consumed little or no
supplement. Inadequate protein in the diet
can {ead to reduced forage intake and conse-
quently decreased performance. We specu-
late that ewes consuming the pelleted sup-
plement gained weight than ewes consuming
the block supplement due to a more consis-

tent CP intake. Although blocks and other

1 'To whom correspondence should be
addressed. 230 Linfield Hall, RO.
Box 172900, Montana State
University, Bozeman, MT 59717~
2900. Phone: (406) 994-7952. Fax:
(406) 994-5589. Email:
hatfield@montana.edu.

Montana State University, Bozeman,
MT 59717

T USDA-ARS Sheep Experiment
Station, Dubois, ID 83423
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forms of urea based supplements that allow
ad libitum access and consumption are per-
ceived to enhance ruminal digestion of fiber
via a more constant infusion of urea than
limit fed urea based pelleted supplements,
Ribhani et al. (1993) concluded that diges-
tion and microbial net synthesis by sheep is
not enhanced by continuous N release in the
rumen. Although block supplemented ewe
had ad [ibitum access to supplement, pellet
supplemented ewes, although limiz fed, may
have had better fiber digestion because of
more uniform intake,

The lack of supplement form effect on
body condition score, wool characteristics,
ot lambing percentage is consistent with
results reported by Soder et al. (1995).
Thomas and Korr (1995) demonstrated
thar forage conditions are usually the major

factors that influence ewe response to win-
ter supplementation programs.

Literature Cited

Bowman,. J. G. P and B. E Sowell. 1997.
Delivery method and supplement
consumption by grazing ruminants: a
review. ]. Anim. Sci. 75:543-550.

Ducker, M. J., P T. Kendall, R. G.
Hemingway, and T. H. McClelland.
198 1. An evaluation of feedblocks as a
means of providing supplementary
nutrients to ewes grazing upland/hill
pastures. Anim. Prod. 33:51-57.

Ribhani, N., W. N. Garretr, and R. A
Zinn. 1993. Influence of level of urea
and method of supplementation on
characteristics of digestion of
high-fiber diets by sheep. J. Anim. Sci.

Table 1. Block and pellet percent composition (DM basis)®
Block Pellets

Crude protein 80.0 25,0
Crude fat 1.0 3.5
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Salt 4.4 0.1
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Table 2. Body weight, body condition score, and lambing percentage
of ewes fed 28 g of CP daily for 30 days either by ad libiturm access to an
80% CP cooked molasses blocks or 114 g sewe”«day™ of a 25% protein pellet

Block® Pellet® SE P value

Body weight, kg .
Beginning 66.0 66.7 .48 .34
End 65.0 67.5 .53 .001
Change -1.0 1.2 25 .001

Body condition score

Beginning 2.9 3.0 .04 .60
End 2.1 2.1 .03 .50
Change -.80 -.85 .03 28
Lambing % 131 136 .61

* Ewes supplemented with the 80% CP block (n = 350).
® Ewes supplemented with the 25% CP pellet (n = 348).

Table 3. Wool characteristics of ewes fed 28 g of CP daily for 30 days either
by ad libitum access to an 80% CP cooked molasses blocks or 114 g .ewe.'day™
of a 25% protein pellet

Block® Pellet® SE P value
Grease fleece wt, Ibs 4.1 4.1 .04 .69
Clean wool fiber % 54.1 54.2 91 .91
Base, um 24.2 23.6 31 .16
Mid, um 23.9 23.8 .35 .87
Tip, pm 23.5 23.6 34 76

* Ewes supplemented with the 80% CP block (n = 59).
® Ewes supplemented with the 25% CP pellet (n = 60).
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In Memory of
Dr. Clair Terrill

Dr. Clair Terrill, a longtime U. 8. sheep
industry researcher, died November 12,
2001 in Maryland.

Terrill had been prominent in sheep
research programs since 1936, when he first
joined the U.S. Department of Agriculture’s
Sheep Experiment Station in Dubois, Idaho.

From 1955 to 1972 , Terrill directed all
federal research involving sheep and fur
animals, Wotk under his direction resulted
in increased efficiency of meat, wool, and
fur production from sheep and other 2ni-
mals. He helped introduce such technology
as artificial rearing of lambs, pregnancy
diagnostics, high fertility, selection for year-
round lambing and crossbreeding to
increase reproductive rates.

Long awaited plan
announced by USDA

Scrapie eradication will require
dedication of producers, industry
A plan to eradicate the faral disease
scrapie from the nation's sheep flocks and
goat herds, announced by the US
Department of Agriculture, will require
dedication and commitment of producers
and other stakeholders, say industry leaders.
"To be successful, the scrapie eradication
program will require the cooperation of
every segment of the industry, from pro-
ducer to meat packer, including local vet-
erinarians, and state animal health offi-
cials," says Glenn Slack, President and
Chief Executive Officer of the National
Institute for Animal Agriculture (NIAA),
"We are tackling scrapie because it has
the potential to jeopardize the futute of
sheep and goar production in the United
Staes,"
. The USDA-announced plan to eliminate
- scrapie from the U.S, will be administered
: by the Agriculture Department's Animal
and Plant Health Inspection Service
(APHIS),

News Briefs

Key elements include:

* Interstate movement restrictions on ani-
mals from infected and source flocks and
high risk and exposed animals from other
flocks;

* An indemnification program for owners
of high risk, test positive, and suspect
animals;

* A nationwide individual idenrification
progtam for breeding sheep and goats
and sheep over 18 months of age;

* Surveillance and testing of sheep at
slaughter; and

* Uniform minimum standards for stare
scrapie programs.

Especially important is that each flock
identified as scrapie-infected will be
required to prepare a plan to eradicate the
disease and to monitor for recurrence of the
disease in that flock or herd. To that end,
producers will be provided with profession-
al expertise, testing, and indemnity for ani-
mals required to be removed, The federal
government earmarked $10 million for the
program in the 2001 budget.

"As with the other eradication programs,
this will take a long term commirtment
from everyone involved,” states Dr. Cindy
Wolf, a small ruminant specialist at the
University of Minnesota and a flock owner.
"While this may be a tough time for pro-
ducers because of low prices, drought and a
number of other problems, it is important
that we get on with the eradication pro-
gram because of the length of time it will
take," she says.

“The disease takes two to five years to
show clinical signs, therefore we expect that
it will take a minimum of a decade to erad-
icate scrapie. In addition, it will take
another seven years without a scrapie out-
break for the US to be recognized interna-
tionally as ‘scrapie free.” So this is at least a
17 year project,” she concludes.

“Further, increased concern and atten-
tion is being paid to all transmissible
spongiform encephalopathy (TSE) diseases,
including scrapie, as a result of the discov-
ery of TSEs in catde, cats and people in
Europe,” concludes Dr. Woif.

According to the American Sheep
Industry Association (ASI), scrapic costs
American sheep and goat producers an esti-
mated $20 to $25 million annually.

Frank Moore, president of ASI and a
Wyoming sheep producer, said "ASI has
requested since 1996 that USDA take
assertive action on a national scrapie eradi-
carion program,”

"We will work closely with APHIS and
the states to successfully implement this
eradication program and to help assure that
it has the least negative impact possible,"
said Moore.

Information about the eradication pro-
gram and the National Scrapie Eradication
Initiative is available on the Internet at
www.animalagriculture.org/scrapie.

Veneman: 'Extraordinary
Focus' on Protecting

Food Supply

USDA Secretary Addresses
Animal Agriculture Protection
at NIAA Annual Meeting

Education, information sharing and
finding solutions are more important than
ever in protecting the U.S. animal agricul-
ture industry against agroterrorism. The
National Institute for Animal Agriculture
(NIAA) offered that very opportunity when
it brought industry representatives together
at its Annual Meeting, March 25-28 in
Chicago.

With the theme of, "Animal Agriculture
— Dealing with New Realities,” NIAA's
gathering drew approximately 200 partici-
pants, including livestock producers, veteri-
narians, business execurives, scientists, aca-
demicians, state and federal animal health
officials and other stakeholders in the ani-
mal food and fiber industry.

Keynote speaker Secretary of Agriculture
Ann Veneman and other NIAA presenta-
tions and discussion focused on food and
agricultural secutity, bioterrorism, animal
health safeguarding and emerging diseases.
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“We are engaged in looking at the entire
food supply with the idea of protecting it —
not just against unintentional threats, but
also against intentional threats,” said
Veneman. "Many of the issues we dealt
with all last year, particularly foot-and-
mouth disease (in the United Kingdom),
are the very issues we worry about when we
worry about intentional threats.” So the
mission at the U.S. Department of
Agriculture has been one of "extraordinary
focus on these issues.”

Veneman explained USDA's stepped-up
prevention programs March 26 at the NIAA
recognition banquer. She emphasized how
Sept. 11 has strengrhened the working part-
nerships among state and federal govern-
ment, universities and industry. This type of
cooperative model was used at the California
Deparmment of Food & Agriculture, where
she worked as Secretary of Agriculture prior
to taking the national office, She credited
Dr. Richard Breitmeyer, California state vet-
erinarian and NIAA board member, for
teaching her the value of coopetation,

"USDA is now working closely with Gov.
Tom Ridge and the Office of Homeland
Security staff in understanding the whole
issue of protecting our food supply,” said
Veneman. She is especially pleased with the
commitment USDA has seen from the
Bush Administration. The Defense
Appropriations Act, signed in January, pro-
vided an additional $328 million in USDA
funding for homeland securiry.

Extra security for our nation's food sup-
ply could soon be boosted more. USDA's
proposed budget for fiscal year 2003,
released in February, includes $2.367 billion
to fight sabotage and protect the nations
food supply from plant and animal disease,
That amount is up $146 million from the
current USDA budgee. A $48 million
increase has been targeted for animal health
monitoring by the Animal and Plant Health
Inspection Service (APHIS), said Veneman.
An extra $19 million will go to support agri-
cultural quarantine inspection programs,
which will provide additional inspectors,
canine teams and high definiton x-ray
machines at high-risk port of entry.

USDA will continue to look for ways to
strengthen its partnerships and efficiendy
use resources, said Veneman, She commend-
ed the NIAA organizaiion for bringing dif-
ferent parties to the table to talk about how
to improve our food and agricultural sys-
tems. "That's the type of cooperation we

need throughout all of our programs,” said
Veneman. "It's important to address agroter-
rorism and other industry issues and look to
the futute of animal agriculture.”

The National Institute for Animal
Agriculrure, Bowiing Green, Ky, is 2 mem-
bership-based otganization, which began
operations in 2000. It is a successor to the
Livestock Conservation Institute. NIAA's
mission is to be the forum for building con-
sensus and advancing solutions for animal
agriculture and to provide continuing edu-
cation and communication linkages to ani-
mal agriculture professionals.

Minnesota small rumi-
nant specialist receives

NIAA President’s Award

The National Institute of Animal
Agriculwre has awarded Dr. Cindy Wolf its
2002 President’s Award. The honor is pre-
sented to the organizations Outstanding
Committee Chairperson of the Year.

NIAA President and Chief Executive
Officer Glenn Slack presented the award to
Dr. Wolf, citing “exemplary leadership and
dedication” to NIAA and the NIAA Sheep
Healeh Committee.

Dr. Wolf is a small-ruminant specialist
with the University of Minnesota College
of Veterinary Medicine. During the past
two years, Dr. Wolf has led NIAA’ efforts
in carrying out the National Scrapie
Eradication Initiative, an informarional
campaign charged with educating produc-
ers, veterinarians and other sheep industry
stakeholders about new interstate move-
ment and identification requirements
designed to eliminate scrapie from sheep
and goats across the U.S.

Testing to continue on
imported sheep confis-

cated last year
The U.S. Department of Agriculcure has

announced that tests conducted on a flock
of sheep confiscated last year from a farm in
Vermont confirm that two of the 125 sheep
tested positive for an atypical undifferenti-
ated transmissible spongiform encepha-
lopathy (TSE) of foreign origin.

The flock of 125 sheep was confiscated
in March 2001 after four animals from an
associated flock tested positive for TSE in

July 2000. USDA will continue to conduer
additional tests to determine the type of
TSE in these sheep.

Final rule issues on
establishment of lamb,
promotion and research

and information order

The final rule establishing a national,
industry-funded lamb promotion, research
and information program has been issued
by the U.S. Department of Agriculture's
(USDA) Agricultural Marketing Service.

The American lamb checkofl order was
published in the April 11th 2002 Federal
Register, which follows the public com-
ment period conducted last fall.

Under the program, U.S. lamb produc-
ers, feeders and lamb packers will all pay an
assessment. Individual U.S. lamb producers
and feeders will pay a one-half ($.005) cent
per pound assessment based on live weight,
and the first handler, primarily lamb pack-
ers, will pay an additional 30 cents per car-
cass. The proposed order calls for a deduc-
tion at sale, however, remittance will occur
at the slaughter leve} for most transactions.

"Publishing this order lays out the logis-
tics of how the program will work, who will
be assessed and other derails,” American
Sheep Industry Association President Frank
Moore said. "The next step is to issue rules,
which will set a date at which coliections
will begin, followed by the procedures to
nominate board members.”

Moore added, "It is an exciting step for
the American famb industry to move for-
ward with an industry-wide board to work
on our lamb market. The program is the
first national livestock assessment to
include slaughter companies.”

The order calls for a delayed referendum
to be conducted no later than three years
after assessments begin. During this time
period, refunds may be requested.

Lamb imports will not be assessed under
the order.

A lamb checkoff program has been in
development since May 1999, when USDA
brought together a task force of all seg-
ments of the industry to investigate lamb
checkoff possibilities. The program is
expected to raise $3 million plus each year
and will fund promotion, research and
information programs.
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Preface and Overview

Maurice Shelton

Texas Agricultural Expetiment Station (Retired)

Introduction

On a world basis, sheep are keprt for a vari-
ety of teasons, but in this country the pri-
mary uses have been meat and fiber pro-
duction. At present there is also a limited
and growing interest in milk production
from sheep. One of the more recent and
growing roles for sheep is that of vegeration
management, including optimum grazing
and range management practices (Havstad,
1994), control or assisting in the control of
noxious vegetation (Olson and Lacey,
1994), reduction of fuel loads for fire con-
trol or retardation (Taylor, 1994}, and
reducing vegetative competition in refor-
estation efforts (Sharrow, 1994). Even
flocks used for vegetative management
must produce a marketable commeodity to
justify their costs or to provide an outlet for
surplus animals. Because a majority of the
world’s sheep are wool producers (at some
level} it seemns likely that in earhier periods
fiber production was viewed as their more
impotrant contribution. Historically wool
was an important item in world trade, but
this special place is declining.

In Texas, cash teceipts from wool exceeded
those from meat (famb and mutvon) uneil
approximately 1954 (Shelton and Kensing
1980). With incentive payments included,
the income from wool exceeded that from
meat until approximately 1964. Since
1964 the relative value of these prodncts
has shifred markedly in favor of lamb pro-
duction, with some years in which wool
represented 10% or less of the gross
income. This situation has no doubt exist-
ed for a much longer period of time in farm
states, in which medium wool sheep repre-
sented a larger percent of the total. Except
for a brief period in the late 1980's, the

contribution of wool to flock income has
trended downward for half of a century. At
the time of this writing (fall - 2001) che cost
of production, harvesting and marketing
woo] exceeds the income obtained from ir.
What the future holds for the demand for
wool is not known, but a reversal of this
trend is not apparent at present. This is
unfortunate, and the loss of wool income
has no doubt contributed in a substantial
degree to the decline in sheep numbers in
the U.S. The genetic and nutrirional
resources and management practices
required to produce a good clip of wool are
simpler than those required to produce a
good lamb crop. The situation is made
more difficule by the fact that there is, to
some depree, a negative relationship
berween meat and fiber production
(Shelton, 1994; Cronje and Smuts, 1994),
especially under conditions where nutrition
is a limiting factor.  Unless there s a sig-
nificant and early reversal in the prices
received for wool, the U.S. sheep industry
can survive and reverse the decline in num-
bers only by doing a better job of lamb pro-
duction.

In the past when prodncers have exercised
selection for meat producton they have
primarily emphasized size {or growth race}
and conformation. Selection for size has
been highly successful (Parker and Pope,
1983). As shown in Figure 1, the weights
of most breeds of sheep have consistently
increased over at least the last 40 years.
‘However, size is only one component of
meat production, and a continued increase
in size is nnlikely to be desirable in all pro-
duction situations and market outlets.
Conformadon is a much more nebulous
term, and it is not clear that selection for
conformation has had a positive influence

on the industry. Selection goals in respect
to conformation have ranged over time
from small, compact, blocky animals with a
large amount of subcutaneous fat to tall,
upstanding, leggy animals that lacked fit-
ness or adaptation to grazing environments.
The only legitimate goals for conformation
are that slaughter animals possess the opti-
mum amount of subcutaneous fat {(to meet
market demands or grading standards) or
that the animals produce a carcass with a
higher percent of the weight in the more
valuable cuts. Tt cannot be shown that this
latter goal has been accomplished. It is the-
oretically possible to change body propor-
tions {(Waldron - this issue), but chis will be
difficalt and require mote resources than
have been or are likely to be devoted to this
cause.

The Components of
Meat Production

The most important factor contributing to
meat production from sheep is numbers,
The situation pertaining to stock sheep
numbers in this country is all too obvious
with the downward trend starting around
1940 (Figure 1). The goal of all concerned
with the industry must be to reverse this
trend. The purpose of this special issue of
the journal is to summarize information
which could be used to improve efficiency
of producing and marketing quality prod-
ucts and thus contribute to a revival of the
industry. Genetics {(breeding) is one of the
approaches to accomplishing this goal, but
it requires that one take a long-term view.

With 2 constant or stable number of sheep,
the most important factor contributing to
meat (famb) production is net reproductive

Sheep & Goat Research Journal, Vol. 17, No. 3: 2002

1




rate (percent lamb crop raised and market-
ed). The only lambs available for slaughter
are male or wether lambs plus any ewe
lambs that are surplus to replacement
needs. If flock numbers are to be increased,
relatively few ewe lambs would be available
for staughter. Mutton {mear from older
animals) production is largely limited to
cull or older ewes. Assuming a stable pop-
ulation, the numbers of ewes available for
slaughter represent the replacements (ewe
lambs added to the flock) less the death
losses over the productive life of the ewes.
Typical annual replacement rates are on the
order of 25%. Contributing factors to the
lamb crop raised are age at sexual maturiry,
frequency of lambing, the percent of ewes
bred and lambing, ovulation and/or lamb-
ing rate, famb survival and the length of
producrive life of the ewes. Many of these
factors are discussed by authors contribur-
ing to this special issue. All of these factors
have genetic, environmental and manage-
ment components and thus are subject to
some degree of control by producers.

"The third factor contributing to meat pro-
duction is slaughter weight, and yield
(dressing percent) and petceut of the car-
cass in retail or consumer cuts. The aver-
age slaughter weight for sheep in this coun-
uy has continuonsly increased from 1960
through 1990 (Williams and Davis, 1998).
This has resulted from larger breeding stock
(Parker and Pope, 1983}, from an iucrease
in the proportion of the lamb crop that
spends some time in feedlots (Field and
Whipple, 1998) and from a teudency to
hold these in the feedlots ro heavier
weights. The merchandising of heavier
lambs may be viewed as positive to some
segmeuts of the indnstry, as there will be
some improvement in efficieucy to the
feedlot operator, as well as the packer and in
the merchandising process. However, there
are almost cerrainly problems associated
with an ever-increasing slaughter weight. It
should be remembered that it is not the
feedlot operator, packer or the end proces-
sor that determine sheep numbers in this
country, but it is the producers who main-
taiu the ewe flocks and produce the lambs.
If it is assumed that the averape weight of
the breeding stock is held constant, any
increase in slaughter weighe will result in an
almost linear increase in the amounc of fat
in the carcass {Bradford - this issue). This
has been documented in many stndies as

having happened in the U.S. and to have
conttibuted to the perception that lamb
meat is high in fat content (Berg, et al.,
1998). This is thought to have contribured

to the decline in lamb mear consumption,

1f size of the breeding ewe is increased (or is
allowed to increase) as has happened with
most breeds, any improvement in efficiency
at the producer level will be minor, and
may be negative if the increase in size results
in a reduction in adaptation to the produc-
tion environment or has an adverse effect
on other traits such as reproducrive rate.
Barlow (1984) stated that "there is litde jus-
tification for selecting for growth rate (e.g.
size) to improve efficiency of meat produc-
tion of cattle or sheep thar function largely
as maternal breeds.” Scholiz and Roux
{1984) state that "there are indications
from the literature that selection for
incrcased body mass or growth rate may
have adverse effects on fertiliry." The con-
trast in trend lines between the numbers of
stock sheep in this country and the average
staughter weight is very evident (Figurel).
This does not prove a cause and effect rela-
tionship, buz it is obvious that an increase
in slaughter weight has not resolved the
problems of this industry. Across species
and across breeds within species (especially
sheep) there tends to be a negative relation-
ship betweeu size and realized reproductive
rate. Bven within species and breeds it has
been shown that extremes in weight suffer
some loss in reproductive rate and longevi-

ry (Shelton, 1959).

In respect to slaughter weight, it is not clear
that consumers have a strong preference for
cuts from any specific size of carcass,
although there must be a preference for
larger loin chops that would derive from
larger carcasses. In present marker chanuels
heavier carcasses are priced lowet, but this
in part represents discrimination against
their actual or perceived higher fat content.
This discrimination might be reduced or
eliminated if carcasses could be marketed
based ou their yield of fat-standardized con-
sumer cuts {Waldron - this issue).

It should be noted that the ewo growth
market outlets for lamb {exports to Mexico
and the ethnic markets in this country)
express a strong preference and pay a pre-
mium for smaller animals. Exploiting these
markets equates well with the development

and use of more prolific types of sheep. On
a world basis and in areas where the sheep
industry has persisted and thrived, the
industry is based on a type or breed of
sheep which is well adapred to the environ-
ment and production conditions and which
produced a product or products that are in
demand. There are many examples that fir
this description. One example of this is the
Merino, ot breeds such as the Rambouillet
and Targhee derived from the Merino. The
Merino sheep thrived at many places in the
world when wool prices were reasonably
favorable. However, it can be shown thar it
is possible to put "too much” wool on these
animals, resulting in some reduction in
their ability to thrive under adverse condi-
tions and produce a good lamb crop
(Willingham et al., 1994). Many strains of
Merino must be crossed to other breeds to
produce an acceptable market lamb. This
cross may be a terminal site breed 1o pro-
duce market fambs or to a breed specifical-
Iy chosen to produce a desired type of Fl
ewe for marker lamb production, e.g. the
Border Leicester breed, which has been
extensively used for this purpose in Britain,
Australia, and New Zealand. The use of
such specialized "ewe sire” breeds has not
been a common practice in the U.S. (espe-
cially in the Southwest), but it is a practice
that should be reconsidered iu light of cur-

- rent wool prices. One of the problems may

be the lack of a suitable breed that is adapt-
ed to this region. This should perhaps be
addressed in future research or develop-
ment projects.

Efficiency of Production

Efficiency of production may be expressed
as a function of any of the resources or
inputs required. Producers will usually be
concerned abont the most limiting or most
expensive iuputs.  For ruminant species
this most likely would be feed or nutrients.
Some producers who choose to increase
reproductive tate through intensive man-
agement, especially at lambing, may view
labor or facilities as limiting resources. For
many, efficiency is defined as gain per unit
of feed consumed by an individual animal
and most will be aware thar this efficiency
decreases with age of the animal. This is
due primarily to two factors: feed intake
relarive to body weight is higher in yonnger
anitnals, resulting in a lower proportion
used for maintenance, and gains made by
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the young animal consist mostly of lean
growth as opposed to fat. However, on a
flock or industry basts, the cost of gains for
an individual market animal represents
only a small part of the toral feed cost. Itis
generally assumed that as much as 70% of
the feed required to produce a pound of
lamb meat is that consumed by the breed-
ing flock (mostly the ewe). If ewe replace-
ment costs are included, this would be even
greater. This is a major reason why meat
production from ruminant animals cannot
compete {on the basis of efficiency) with
that of swine or poultry where the breeding
animal cost per market animal is much
lower.

Thus any factor which tends to reduce the
ewe or flock maintenance cost per market
animal has a major impact on efficiency of
production from sheep. Traditionally wool
income has been viewed as a means to
recover or reduce flock maintenance cost.
Numerous studies have shown that the ewe
component in production costs (more
appropriately nutrients required) can be
reduced through spreading this cost over a
higher level of productivity by marketing
more or heavier lambs or both
(Hogue,1968; Large, 1970). Of the o,
the simpler or most easily accomplished is
to market farger lambs, and as shown in
figure 1, the industry has moved markedly
in this direction. However, in a purebreed-
ing system, producing larger lambs through
maintaining larger ewes represents liule or
no gain in efficiency at the producer level,
whereas producing larger lambs from the
same sized parent results in overfat lambs.
This has been documented in many studies
{Tatum et al., 1988) and resulted in an
image of lamb meat as being overly fat.

A series of modeling studies (Wang and
Dickerson, 1991) were carried out based on
data from the U.S. Meat Animal Research
Center. These authors report the following
traits in order of their contribution to effi-
cient meat production from sheep (TDN
per Ib. of lean meat): lamb survival, lamb-
ing rate, and conception rate (ferdlity).
Other traits, including size of ewe and
milking ability, wete of much less impor-
tance with near zero contribution. It is
important to remember that these caleula-
tions are based on inputs from the research
flock involved and that this flock included

animals from some of the more prolific

types of sheep.

Although the case for improving the net
reproductive rate and the potential (with
sheep) for doing so is quite great, the indus-
try has not readily endorsed recommenda-
tions for improvement in reproductive effi-
ciency throngh genetic means (see
Hamilton and Hamilton - this issue - for an
exception). No doubt lamb mortality,
which certainly increases with higher pro-
lificacy, and the time and effort required wo
change these factors through selection pro-
vides a paruial explanation. However, the
very survival of the industry may require
more effective application of this approach.

Improvement in reproductive efficiency
through genetic means may be approached
through selection within breeds or lines,
crossbreeding to realize the gains offered
through heterosis or breed complementari-
v, or by introduction of inheritance from
more prolific breeds (Leymaster - this
issue). The latter two, especially the use of
more prolific genotypes, offers the potential
for immediate gains, but long term selec-
tion within breeds for fitness and reproduc-
tive rate (overall productivity) should be
strongly considered as well.

Some Conclusions and
Recommendations

1. Producers should exercise caution in
selecting for increased size in dam breeds
or general purpose breeds where fitness
and reproductive rate make the greatest
contribution to production efficiency.

2. Selection for size and/or growth rate and
carcass merit may be lacgely restricted to
sire breeds. Limitations on size might be
considered in the case of poor breeding
efficiency of rams or where dystocia
becomes a problem in ewes to which they
are bred. Efforts to improve carcass
merit, aside from the amount of fat, will
likely require a group effort such as group
breeding schemes or multiflock efforts.

3.Major emphasis in dam lines or breeds
and general purpose breeds should be in
selecting for ewe fitness and productivity.
These may be accomplished through
three different approaches:

(a) Selecting within breeds or flocks
(Bradford - this issue). The heritability

of the different components of reproduc-

tive efficiency is low and thus progress in
selecting for these individually will be
slow. Thus it may be preferable that
selection be exercised for a composite
trait such as total lambs weaned. The
heritability of this trait is improved if the
records are compiled over a petiod of
years (Shelton and Menzies, 1968).
Another alternative is to select for total
lamb weight weaned (Snowder - this
issue), This is a composite trait that not
only includes reproductive efficiency, but
weight of the lambs weaned as well. In
the study on which the above report was
based, selection for total weight weaned
resulted in some increase in the size of
the ewe as well as level of milk produc-
tion. These latter measures require more
feed intake and may not result in the
same relative gain in efficiency as select-
ing for reproductive efficiency alone.
Also this paper reports greater gains from
selection than most other studies of this
nature. This may reflect in part the fact
that a larger population of animals was
involved than is the case with many
research projects, and thus highlight the
fact that larger numbers are needed to
bring about genetic progress in difficulc
traits such as reproductive efficiency, car-
cass composition or meat qualicy. This
suggests the need for some type of group
effort such as the NSIR

(b) Crossbreeding to obtain the advan-
tages of heterosis and breed complemen-
tarity. The advantages of crossbreeding
are well documented in the literature
(Leymaster - this issuc). However, there
may be problems or questions as to
choice of breeds. Although there are
nearly 50 breeds of sheep in the U.S,,
many of these may not be adapted to the
production conditions involved or may
not possess the traits desired in cross-
breeding programs. The choice of sire
breeds usually represents less of a prob-
fern than the choice of the most desirable
breeds to produce Fl ewes unless one
chooses to use one of the more prolific
types. Space does not permit the discus-
sion of the individual breeds at this
point, but the breeds are discussed in
detai! in the Sheep Producers Handbook
(1997). ‘

(¢) Crossing with one of the more prolif-
ic breeds or genetic types (Harnilton and
Hamilton - this issue). Clearly the best
opportunity to increase reproductive rate
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i "in’ the near term is to introduce prolific
“biéed  inheritance into existing Focks.
he 'two best knowri prolific breeds are
tlie" Finnish' Landrace and Romanov,
" both examples of the North European
""" Shert Tailed group. These breeds have
“the advantage that they transmit their
high prolificacy additively, thus permit-
ting adjustment of flock mean prolificacy
to the desired level by varying the pro-
portion {e.g. 0.25, 0.38, or 0.50} of pro-
lific breed inheritance introduced. In
addition to the above breeds, the
Booroola gene (FecB) should be consid-
ered. This can produce an immediate
large increase in number of lambs born,
but has the limitation that the increase
achieved may be more than desired. The
use of the homozygous individual (two
copies of this gene) should be ruled out
in commercial programs, and even the
heterozygous individual often gives more
lambs than desired. The (Booroola)
package in which this gene was intro-
duced was found to be somewhat unsat-
isfactory for lamb production in this
country, but the potential exists and has
been accomplished to rtransfer this gene
to other breeds or types in which it may
be more useful, especially in smaller and
more intensively managed flocks.
4. Producers should be open to the poten-
tial offered by accelerated lambing pro-
grams. One of the advantages of sheep,
at least as compared to cattle, is their
ability to reproduce at less than 12
month intervals, This potential advan-
tage has not been pursued by the indus-
try to the extent that it might be.
Complications in the management of
accelerated lambing programs are obvi-
ous. Also there is a need to identify or
create populations of animals without
serious seasonal restrictions to mating
{Notter - this issue}. This trait has been
shown to be both repeatable and herita-
ble. One management system (the Star
System) is outlined in the above-men-
tioned paper. It is likely that the most
desirable accelerated lambing system is
unique to the resources available to each
ptoducer.
5.In view of the present low prices for wool
and the difficulties of getting sheep
sheared, there is no doubt a need for
development work with non-wooled
sheep as an option. This need is almost
certainly greater at the mote southern

locations, but there is interest in this type
of sheep throughout the country. At
present, the available genetic resources
are short in both quality and quantity.
The hair sheep option may be of greacer
interest for the potential they offer in
accelerated lambing programs.
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Selection for Reproductive Efficiency

Number of lambs weaned per breeding ewe
has a greater influence on productivity of
the sheep enterprise than any other trait.
Net reproductive rate is determined by sev-
eral components, with fertlity, prolificacy
(litter size) and lamb livability having the
greatest influence (Wang and Dickerson,
1991}, Age at puberty, prenatal viabilicy
and, in some enterprises, out-of-season fer-
tility, can also contribute.

Fertility and lamb viability

Fertility does not usually receive direct
emphasis in selection programs, since it is
obviously subject to continuous natural
selection, and reported heritability esti-
mates average less than 0.10 (Fogarty,
1995). However, heritability estimates are
on average positive, and the imporrance of
the trait indicates it merits attention, at
least in flocks/environments where mean
performance is low (less than 90%). Ewes
dry in any year can be culled, or, if the cost
of replacements and history of subsequent
performance of such ewes in the Hock indi-
cates they should be kept for economic rea-
sons, it is recommended they not be includ-
ed in the group producing replacements in
future years. Since most genetic change in
sheep flocks results from sire selection, rams
should be consistently selected from dams
that have lambed every year. The National
Sheep Improvement Program (NSIP) can
provide genetic evaluations for fentility if
producers do a good job of recording all
breeding opportunicies, deaths, disposals,
etc. on the NSIP dam input sheets.
However, at present not all producers do so.

Lamb survival is also a trait for which heri-
tability estimates average less than 0.10
{Fogarty, 1995; Matos et al. 2000; Morris
et al. 2000). Also, as for fertility, survival

G. E. Bradford
University of California, Davis

data are often not well recorded; lambs that
do not survive as well as ewes that do not
famb may not be included. However, as
emphasized by Shelton and Willingham
{this issue)}, reducing lamb mortality offers
one of the best opportunities to increase
flock productivity. Selection for improved
lamb survival may be a means of contribut-
ing to that goal. The reports by Matos et al.
(2000) and Morris et al. (2000) indicate
that maternal genetic effects may be as large
as or larger than direct genetic effects on
this trait, and that additive direct and addi-
tive maternal effects are positively correlat-
ed. Thus selection programs that utilize
both direct and maternal variance may lead
to significantly more response than indicat-
ed by direct heritability only, reinforcing
the value of complete recording and genet-
ic analyses,

The existence of useful genetic variation in
fertility and lamb livabilicy is also indicated
by differences among breeds {Cundiff et al.,
1982; Fogarty et al., 1984b) and among
selected lines (Bradford et al., 1999) in
these traits. Where use of different breeds
or lines is feasible, such information may be
used to improve genetic potendal.

Litter Size.

Of the three most important components
of reproduction, the one with the greatest
potential for change by selection is livter
size, i. e. number of lambs born per ewe
lambing. There is also much variation
between breeds; breeds are available with
mean litter size ranging from slightly above
1.0 to above 3.0 (Leymaster, this issue).
There are many reports, for example by
Dickerson (1977}, Hulet, (1984), Snowder
{2001) documenting the use of breed varia-
tion in the development of composite pop-

ulations with higher mean litter size than
traditional US breeds. A case history docu-
menting use of such variation to increase
productivity of a commercial flock is
reported elsewhere in this issue {Hamilton
and Hamilton). Where marke; demand and
environmental conditions permit use of
some prolific breed inheritance, litter size
can be increased substantially in one gener-
ation, i. e. much more rapidly than by
selection. However, there are situations
where selecrion within a breed will be the
approach of choice.

Within breeds, typical heritability estimates
for this trait are quite low, of the order of
10% or less (Fogarty, 1995; Notter, 1998;
Bromley et al., 2000; Lee et al., 2000).
However, the coefficient of variation is
high, about 35% (Sakul et al., 1999; Rao
and Notter, 2000}, compared to 13-15%
for adjusted weaning weight (Sakul et al,,
1999}, This permits quite large selection
differentials for litter size, and there are sev-
eral repotts of substantial change effected
by within flock selection. The earliest well-
documented teports were those by Turner
et al. (1962), and Wallace (1964). Bradford
(1985) reviewed the results of those and
several other selection trials, and concluded
that an annual increase of 1-2% in average
litter size could be achieved by selection.
Responses to selection for litter size or twin-
ning rate reported by Burfening et al.
{1993) and Saboulard et al. {1995} in west-
ern US range sheep were also within this
range.

The condlusion of 1-2% per year was based
on experiments carried out before the avail-
ability of the animal model for genetic eval-
uations. ‘This statistical method permits sys-
tematic use of information on all recorded
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relatives, which can significantly increase
rate of response to selection. While no actu-
al selection experiments to measure the
amount of increase in rate of response for
fiteer size have been reported to date, it
seems probable that a rate of 2%/yr, the
high end of the range listed, and possibly
more, could be achieved. Utilization of this
potential will depend on parentage idenifi-
cation of all animals, recording of numbers
of [ambs botn in all Jambings, genetic eval-
uations from the resulting data, and use of
the results in selection decisions, particular-
ly in sire selection.

The annual gains listed may seem smali,
but an increase of 20%, suggested as possi-
ble over a 10-year period, may represent as
much increase as desired. There is also the
possibility of "jump starting” the process by
an initial screening of exceptionally prolific
ewes from a larger populaton to establish
the foundation flock. Several of the experi-
ments evaluating the effects of selection for
litter size have invelved selection of the
most prolific ewes from a larger population
to initiate the improvement program. The
initial screening generally produced a sub-
stantial difference, as much as 10% of the
base flock mean, in the first generation
progeny (Wallace, 1964; Turner, 1978;
Hanrahan, 1982; Sakul et al., 1999).
Subsequent response varied, from slow
tesponse for more than 10 generations
(Sakul et al., 1999), to little response for
some time and then a rapid response
{Clarke, 1972), to continuous good
response (Hanrzhan, 1982). Although
there have not been enough experiments for
firm generalizations, it appears that initial
screening, where feasible, is an effective
means of producing an immediate increase
in genetic potential for litter size, and that
this does not preclude subsequent response
to selection within the screened group.

The heritability of 0.10 for litter size men-
tioned above relates to individual records,
i.e. to the response expected form selection
based on one record per ewe. The heritabil-
ity of the avetage of two or more records
will be higher. If single record heritability is
0.10, that for the mean of 2, 3, 4 and 5
records is expected to be approximately
0.18, 0.24, 0.29 and 0.33, respectively, sug-
gesting use of lifetime prolificacy as 2 means
of increasing  selection  response.
Supporting this condlusion, Shelton and

Menzies {1968) reported heritability esti-
mates above 0.20 for mean numbers of
lambs born and weaned, based on records
from all years the ewes were in the flock.
Generation interval may be longer if selec-
tion decisions are deferred until additional
records are available. However, ewes nor-
mally stay in the flock for several years in
any case, and all available records should be
used. The problem of longer generation
interval can be minimized by selecting rams
from dams with several records but turning
ram generations rapidly, for example by
using tam lambs where that is feasible, and
using rams in scedstock flocks only one
year,

Okut et al. (1999) present evidence that
heritabiliry of litter size differs with ewc
age, and that genetic correlations vary
between records ac different ages. They sug-
gest that accuracy of selection could be
increased by considering age of ewe as part
of the trait, rather than simply adjusting for
ewe age.

Ovularion rate is the most important factor
affecting litcer size, and it has been suggest-
ed that selection on ovulation rate would be
an effective means of increasing the rate of
genetic change in licter size (Hanrahan,
1974, 1982; Hanrzhan and Quirke, 1985).
Waldron and Thomas (1992) estimated
that adding information on ovulation rate
would increase rate of generic change in lit-
ter size by 23% compared to use of litter
size data only. An experienced operator can
measure ovulation rate rapidly and accu-
rately by means of laparoscopy, and this
trait has the advantage of permitting repeat-
ed measurements within a season. It is a
potentially useful aid to selection, bur the
extra cost of obtaining the information may
be justified only in breeding flocks with an
effective marketing program for improved

breeding stock.

Scrotal circumference has also been suggest-
ed as an aid to selection for litter size
(Waldron and Thomas, 1992; Burfening
and Davis, 1998). However, as these reports
indicate, the genetic relationship with liter
size is quite low, and an apparent negarive
genetic association berween testis size and
body weight (Land, 1982; Burfening and
Davis, 1998) raise doubts abourt the value
of including information on this trait in a
selection program to improve liteer size.

It is often assumed that the ewe determines
the number of lambs born, and that the
ram {once the eggs are fertilized), and the
genotype of the embryo, have litde or no
influence. A number of reports support that
conclusion (Bradford, 1972; Hanrzhan,
1982; Hanrahan and Quirke, 1985;
Burfening and Davis, 1996). However,
results of some trials indicate significanc
effects of the genotype of the male and/or
embryo on litter size. Compelling evidence
comes from differences in litter size of ewes
with two ovulations mated to rams of dif-
ferent breeds (Meyer, this issue). Vakil et al.
(1968} reported significantly larger litter
size for ewes of the same birth type when
mated to twin-born than to single-born
rams. Burfening et al. {1977} reported sig-
nificantly more embryos from use of rams
from a high- than from a low-prolificacy
line, when both were mated to unrelated
ewes. Clearly, genotype of the sire or
embryo can contribute to variation in Heter
stze, and it may be possible in programs
such as NSIP to obrain estimated breeding
values thar utilize this variation,

Regardless of the strategy followed to
increase litter size, it is important to keep in
mind that the optimum is not necessarily
the maximum achicvable. A target mean
value appropriate to the particular manage-
ment system, feed resources and lambing
season for the flock(s) in question should be
set before a sefection {or crossing) program
is initiated.

Optimum litter size at birth is influenced
by survival rates of singles, twins and high-
er multiples, and by the growth rate of sur-
vivors. Bradford et al. (1991) summarized
results from several studies that gave aver-
age numbers of lambs weaned of 0.89, 1.63
and 1.63 for litter sizes of 1, 2 and 3 at
birth, although it must be emphasized that
survival rate varies widely between flocks,
especially for triplets. The advantage in
total weighe of lamb weaned for twin com-
pared to single births is generally very large,
even with the lower individual weaning
weight of twins, Thus twin births will near-
ly always be preferable to single birchs, at
least for marture ewes. However, based on
the above mean survival rates, there would
be no advantage for triplets compared to
twins, and possibly some disadvantage,
considering the morte variable and, on aver-
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age, lower weaning weight of triplet born
than twin born lambs.

Survival rates for triplet lambs can be
increased, in some cases substantially, with
improved management at lambing and a
good lamb fostering program, improving
the relative performance of ewes bearing
triplets. Also, there are flocks where the
milk production potential, nutrition and
management are such thac a higher per-
centage of ewes can raise triplets successful-
ly, which would also improve the relative
value of triplet births. However, in the
majority of US sheep operations, at least at
present, two may be the maximum number
of lambs that ewes can raise satisfactorily. In
this situation, the optimum mean litcer size
is likely to be that which results in no mare
uriplets than those from which the third
lamb can be successfully grafied to ewes
with singles or that have lost lambs. Thus a
mean of, say, 1.85 born (23, 65 and 10% of
ewes with 1, 2 and 3, respectively} might be
the maximum acceptable, A flock with less
vatiation, e. g. 15, 80 and 5 % 1%, 2% and
s {mean 1.90) would be preferable, but
variation due to ewe age, nutrition and
unknown environmental factors as well as
genetic differences among ewes usually
results in greater variation than this.

There may also be management situations
whete twinning is desirable but with essen-
tially zero tolerance for criplets. In such
flocks the optimum mean may be of the
order of 1.6 (40% singies, 60% twins),
since most flocks with a twinning rate
abave 60% will have at Jeast a few triplets.

The above refers to target mean litter sizes
for éwes 2 years and over at lambing. Both
the optimum and actual mean for yearling
ewes will be lower.

It is also important to note that season of
lambing and prebreeding nutcition each has
a substantial influence on litter size, Ewes of
the same genetic potential lambing in fall
will have significantly lower litter size than
the same ewes, in the same condition,
lambing in late winter or spring. Shelton
and Motrow {1965) reported litter sizes of
1.27, 1.26, 1.50 and 1.55 for comparable
groups of Rambouillet ewes lambing in
August, November, February and May,
respectively. Fogarey et al., 1984a; Sakul et
al. (1999) and Notter (2000} also reported

large differences in litter size at different
seasons. Body condition and nutrition level
prior to and at the time of mating can also
affect mean litter size to at least a compara-
ble extent. Thus in setting a target litter
size, or assessing whether a particular breed
or cross will meet a defined target, the
infotmation used should come from che
season and under the nutrition and man-
agement conditions in which the ewes will
be expected to perform. :

Age at puberty.

In annual lambing systems, ewes may be
bred to lamb first at either one year (12-15
mo.) or at two years of age. The primary
factor affecting choice is usually feed supply
— are the ewes well enough grown out w
have goed fertlity ar 7-10 months, and is
nutrition during pregnancy and acration
adequate for satisfactory survival and
growth of their lambs? Another considera-
tion is whether an extended lambing season
is compatible with feed, management and
markets; performance at 14-15 months
tends to be much better than at 12 months.
Notter (2000) reported that 15-month old
ewes averaged 0.21 more lambs born than
12-month old ewes. However, the 15-
month age means lambing these ewes 3
months later than the older ewes in the
flock. Where the latter works, it can repre-
sent a very productive system (Hamilton
and Hamilton, this isue}.

In a number of production systems jn the
US, lambing ewes at one year of age is not
feasible, and in this case age at puberty is
not a consideration, However, if the average
ewe leaves the flock at 5.5 years of age, she
will have four years production if she lambs
first at two years, and five years if she lambs
as 2 yearling, Assuming first year lamb pro-
duction is 60% of the average at later ages,
lifetime lamb production will be 15% high-
er {4.6/4.0) for ewes lambing as yeatlings.
This represents potentially a significant
advantage in net income of the operation,
although the extra feed and labor for the
yearling ewes may result in a pet improve-
ment somewhat [ess than 15%.

Where successful breeding of ewe fambs is
compatible with the management system of
the flock, early puberty is an essential
atribute. A conception rate of 80% or bet-
ter is suggested as a target if first year breed-
ing is to justify the extra investment in feed

and labor required, particularly in larger
flocks where this group is likely to be a sep-
arate management unit. Most "farm flock"
breeds under the feed conditions of that
production system will have good fertility
as ewe lambs. However, range breeds such
as the Rambouiller tend to have later
puberty (Dickerson and Laster, 1975;
Quirke et al., 1985) and thus lower fertility
their first year, even under relatively good
conditions.

The estimated heritabilicy of age at puberty
isabout .25 (SID, 1997}, and improvement
will almost certainly result from selection.
If some but not all ewe lambs will breed
and lamb as yearlings, several generations of
selecting rams and ewes from dams thar
have lambed as yearlings should produce a
steady increase in first year performance.

An alternative approach is to inrroduce
some inheritance from an early puberty
breed. The Finnsheep and Romanov breeds
consistently show very early puberty.
Crossbreds or composites that have 25%
{or more) of their inheritance from one of
these breeds have been shown to have very
good fertlity as ewe lambs in any environ-
ment which will adequately support first
year lambing, Thus use of a 50% Finnsheep
or Romanov ram on ewes of a [ater puberty
breed can produce, in one generation, a
marked improvement in first year breeding
performance. The many years saved com-
pared to within breed selection in achieving
consistent first year breeding performance
could compensate for the somewhat lower
performance in fleece and carcass traits typ-
ical of crosses of these two early puberty
breeds. These breeds also conttibute
increased prolificacy, and selection can
improve fleece and carcass traits if these are
important to the operation.

Genetic variation in prenatal survival
{Meyer) and selection for out-of-season
breeding (Notter) are considered elsewhere
in chis issue. A pracrical means of selecting
for out-of-season fertility is to use the rams
intended as sires of replacement ewes {or
ewes and rams) only for the first few weeks
of the breeding season, and to use other
rams, ¢. g. terminal sire breed rams, for the
remainder of the season. In this way, all
replacements will come from early lambing
ewes. (The practice, occasionally observed
in some flocks, of using whiteface rams at
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the end of the season to produce replace-
ments will select against early season fertli-

)

Much of the research related to genetic
parameter estimation and selecrion for
reproductive rate has focussed on compo-
nents of reproduction ~ litter size, fertility,
etc. Selection for traits such as licter size
does increase flock productivity, for exam-
ple total weight of lamb weaned per ewe, as
shown by the results of several of the exper-
iments cited in this review. However, the
results from the US Sheep Research Sration
at Dubois reported by Ercanbrack and
Knight {1998) and Snowder (this issue)
make a strong case that selecring directly for
total weight of Jamb weaned per ewe will
lead ro more improvement. The selection
responses reported by those authors were
surprisingly large. Other long term evalua-
tions of direcr selection for total litter
weight have not been reported, but typical
results of selection for performance traits in
sheep suggest that response may be less
than tealized in those experiments.
Nevertheless, total litter weight weaned rep-
resents a "biological index" which incorpo-
rates variation in fertlity, litrer size, viabili-
ty, and growth rare, and no doubt other
components not normally recorded.
Sefecting direcdy for it should in fact result
in more improvement than selecting for
components. No extra recording is
required, since information on total litter
weight will be available if its principal com-
ponents, numbers of lambs weaned and
weaning weights, are recorded. It is there-
fore recommended as a practical and useful
selection critetion to improve flock produc-
tvity,
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Genetic and Environmental Impacts on Prenatal Lamb Loss'

H.H. Meyer

Department of Animal Sciences, Oregon State University, Corvallis, OR 97330

Introduction

Four *facts’ apply to most commercial sheep

Aocks:

1. Number of lambs sold has a greater influ-
ence on flock income than any other fac-
tor under the producer’s control.

2.Bwes producing single lambs are money
losers!

3. Producers put in greac effort ar lambing
to maximize lamb survival and then fight
predators to keep lambs alive until mar-

keting.

4.MANY SHEEPFr FLOCKS LOSE
MORE LAMBS BEFORE LAMBING
THAN AFTER.

The average flock loses about 15% of lambs
from birth to weaning, Numerous studies
have shown that the embryonic loss rate in
the first 30 days after mating often exceeds
20%. These are potential lambs which the
producer never knew existed; however, they
are just as surely lambs not markered as are
lambs eaten by coyotes, although lambs
that die after birth will usually represent
greater investment of feed and labor than
those lost prenatally.

To the producer, the most important pre-
naral losses occur in ewes that ovulate two
eggs but give birth to only one lamb. The
ewe's costs for mainrenance, labor, and
depreciation are unchanged and usually
more than the sale value of her resulting
single famb. Research results indicare thar
the percentage of twin-ovulators that lose
one embryo ranges from about 10% to over

40%.

This paper will look at loss of potential
lambs before lambing and some of the fac-
tors affecting loss rates.

Sequence of Events
Before Lambing

Ovuladion is the stare of the reproductive
process, and ovulation rate (number of eggs
released by the ewe} sets the potential or
upper limit of litter size. Breed, age of ewe,
body condition, scason, and pre-mating
nutrition all influence ovulation rate. Ova
have three major hurdles to cross before
they appear as lambs - fertilizarion to
become embryos, implantation of embryos,
and survival of embryos/fetuses o parturi-
tion.

Ram fertility obviously plays a big role in
fertilization of ova and resulting conception
of ewes. Ferrilization of multiple ova tends
to be an all-or-nonc event, i.e. if any eggs
are fertilized, they probably all are fertilized
(Restall et al., 1976). That means that sub-
fertile rams may reduce conception rates
and result in a spread-out lambing, but they
will not have a strong effect on twinning
rate of pregnant ewes. Studying the reasons
for fertilization failure is very difficult since
there is no way of knowing which eggs are
not fertilized until they are no longer in the
system, and then it is too late to examine

them.

Fertilized cggs (embryos) implant in the
uterus at around 19 days following mating.
By then the embryos have become cell
masses that have sent out pregnancy signals
to the reproductive system resulting in
blockage of the next ovulation and estrus,

and preparation of the uterus for implanta-

tion. Prior to implantation, embryos are
distributed berween the two uterine horns
by an unknown mechanism. In ewes con-
ceiving to a single ovulation, nearly 100%
of the fambs develop in the horn adjacent
to the ovarian source of the egg. In ewes
conceiving to twin ovulations, neary all
ewes implant one embryo in each horn of
the uterus, regardless of ovulation site.
Since ovulation is a random event between
ovaries, half of all twin ovulations are the
result of both eggs coming from one ovary.
Somehow, ane of these eggs is ‘sent’ 1o the
other hotn of the uterus.

Embryos failing to implant at the critical
time are lost. If no embryos implant, the
ewe will return to service, typically at 24-28
days after the previous estrus. This proba-
bly explains many of the ‘long cycles’
observed in single-sire mating systems.

During a short ‘colonization’ period, multi-
ple embryos compete for uterine attach-
ment sites (caruncles) through which they
will receive all nourishment during pesta-
tion. The number of caruncles in the
uterus is limited, and it has been shown
that there is a positive relationship berween
the birth weight of a lamb and the number
of attachments between its placenta and its
mother's uterus. Single lambs are not lim-
ited to artachments within one horn of the
uterus - a portion of single placentas spread
into the other uterine horn.

Real competition arises when ewes have

1 Technical paper number 11821,
Oregon State University Agricultural
Experiment Station, Corvallis, OR
97331.
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multiple embryos within one uterine horn.
Embryos with too few attachments ('feed-
ing sites’) have increased chance of loss;
however, surviving embryos do not benefit
greatly from the embryonic loss of sibs
since the 'claiming period’ for caruncles is
past. Our ovulation rate/liwer size data sug-
gest thart the fairly common observation of
twin lambs differing greatly in birth weight
is usually the result of a triple ovulation -
the larger twin had one uterine horn to
itself while the smaller twin is the survivor
of two embryos which competed for carun-
cles in the second uterine horn. Likewise,
the observation of light birth weights for
single lambs born to Finnsheep or Booroola
Merino mothers is probably a case of the
lamb being a sole survivor from a high ovu-
lation conception.

Embryos thar successfully implant and sur-
vive to 30 days seem to suffer little mortal-
ity thereafter. We have seen very litde loss
after 30 days, the earliest time that embryos
can be reliably counted by ultrasound.

Defining Embryo Loss

Embryonic losses might be considered in
two categories -~ total loss and partial loss.
Even when ewes are group mated to semen-
tested high-fertility rams, a substantial pro-
portion do not conceive at a single estrus.
Results from large studies typically show
80% of ewes lambing in the first cycle;
however, 80% of the remainder (i.e. about
1696) lamb in the second cycle and a por-
tion of remaining ewes will lamb to matings
in the third cycle if mating concinues thac
long. As mentioned previously, some
returning ewes had fertilized ova and were
temporarily pregnant, however implanta-
tion failure resulted in the ewe retuming to
service in what would appear as a long
cycle. The net portion of a ewe flock with
total loss of all embryos is cypically 2-5%.

A greater proportion of ewes are multiple
ovulators who successfully implanr ar least
one embryo but also lose at least one poten-
tial famb. Current techniques do not allow
determination of whether the loss of poten-
tial lamb(s) is due to failure in fertilization,
implantation failure, or loss post-implanta-
tion.

One approach to addressing this difficulty

on a flock or group basis is to combine all

losses and analyze litter size relative to ovu-
lation rate for ewes conceiving to multiple
ovulations. Since it takes one embryo to
establish pregnancy, one can then look at
the success of turning additional eggs into
lambs. This has been termed urerine effi-
ciency {UE) by Meyer (1985) and defined
as the mean increase in litter size resulting
from ovulation of one additional egg. For
wwin ovularors, this amounts to the propor-
tion of ewes that give birth to twins (since
all had ro be successful with at least one
egg). For triple ovulators, UE is the differ-
ence in mean litter size berween triple ovu-
lators and twin ovulators. The same calcu-
lation is exrended to higher ovulation
records for studies involving prolific breeds.

Sources of Variation
Affecting Embryo Loss

Ovulation Rate

Since ewes lambing as a result of concep-
tion to a single ovulation must produce one
lamb, they are, by definition, 100% effi-
cient. If they failed to produce a lamb, they
would be counted as dry ewes. As
described above, ewes conceiving to twin
ovularion must be successful with one egg,
but a proportion are not successful with
both. Asovulation rate increases, success of
additional eggs declines so that the differ-
ence in lirter size berween tiple and twin
ovulators (advantage due to third egg) will
be less than the difference in Htter size
between twin and single ovularors {advan-
tage of second egg) (Meyer, 1985;
Robinson and Scaramuzzi, 1986; Meyer et
al, 1994). It has been shown with prolific
breeds chat fitter size peaks at about five ova
- at higher ovulation rates litter size actual-
ly declines (Hanrahan, 1976; Piper and
Bindon, 1981). This is probably due to the
embryo competition for limited numbers
of caruncles resulting in high embryonic
losses {mentioned earlier).

Management Stress

Circumstantial evidence from New Zealand
indicates that pre-implantation embryos
may be especially susceptible to losses due
to ewe stress occurting 10 to 15 days post-
mating. Flocks that have been shorn dur-
ing the mating season often exhibit a break
in the lambing pattern. In some cases,

lambing virtually ceases for several days.
The fambing break occurs 132 to 137 days
after shearing, cotresponding to a tme
when shorn ewes would have been 10 to0 15
days post-mating. Ewes cither side of this
time window seem to be largely unaffected.

Nutritional Stress/Body
Condition

Ewes in poor body condition at mating, in
addition to having lower ovulation rates,
also experience increased embryo loss com-
pared to ewes in good body condition. The
impact of poor body condition may depend
upon the genotype of the ewe.

Two studies conducted at Oregon State
University produced ewes that werc in
either good or poor or body condition at
mating (West, et al., 1991). Ewes in each
group were then subjected to either good or
poor nutrition for a period immediately fol-
lowing mating. In addition to the expected
result that ewes in good body condirion had
higher ovulation rates than ewes in poor
body condition, effects of body condition
and post-mating nutrition on uterine effi-
ciency of muleiple-ovulating ewes were:

1.Body condition affected uterine
efficiency:

- Ewes in good body condition at
mating produced more lambs
from the same number of eggs
than did ewes in poor body
condition at mating,

- Poor body condition reduced
litter size more in triplet ovulators
{by .35 lambs) than in win
ovulators (.13 lambs).

2.Post-mating  nurrition
uterine efficiency:

- Dropping the nutrition level of
good condition ewes resulted in
lower uterine efficiency.

- Returning flushed low condition
ewes to poor nutrition resulted in
foss of most of the fambs
potentially gained from flushing.

3, Post-mating nucrition could not
overcome the effects of pre-mating
body condition:

- Good feeding of poor condition
ewes after conception did not
overcome the effects of their poor
body condition.

affected
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4. Effect of body condition on uterine
efficiency depended upon ewe
gcnotype:

- Among ewes conceiving to twin
ovulations, poor body condition
reduced litter size of Coopworth x
Polypay ewes but did not reduce
litter size of Polypay ewes; however,
poor body condition did reduce
ficter size among Polypay ewes
canceiving to triple ovulations.

Similar effects of body condition on UE
have been observed in Targhee and Finn x
Targhee ewes (Meyer and Bradford, 1973):
both genotypes exhibited reduced UE when
in poor body condition; the effect was
greater for triple than for twin ovulators;
and negative effects on UE were less for the
more prolific genotype.

Ewe Genotype

Numerous studies have shown thar breeds
differ in uterine efficiency, Initial studies
indicated thar genotypes of typically Jow lit-
ter size had both lower ovulation rates than
other breeds and then produced fewer
lambs even when they conceived to multi-
ple ovulations. This has been reported in
Australia for Merinos vs. Merino crossbred
ewes and in New Zealand for Romneys vs.
Romney crosses. In both cases, purebred
ewes had both lower ovulation rates and
lower litter size even when conceiving to
twin ovularions. In Australia, as few as
50% of Merinos conceiving to twin ovula-
tions prodnce twins (Kleeman et al., 1990;
Wilkins, 1989). A study comparing
Merinos and their crosses reported a UE
value of .58 for purebred Merinos vs. .67
for Dorset crosses and .77 for Border
Leicester crosses (Meyer et al., 1994}, Data
from New Zealand indicate that the por-
tion of twin-ovulating Romneys producing
twins may be as low as 50-60% (Quinlivan
et al., 1966; Meyer and Clarke, 1982;
Meyer et al,, 1983). In a study where high-
er UE values were observed, litter size of
twin-ovulating ewes ranged from 1.71 for
Romneys to 1.75 for Dorset x Romneys,
1.88 for Border Leicester x Romneys and
1.93 for Finn x Romneys (Meyer, 1979).

The above results with ewes of Border
Leicester or Finn breeding warrant further
comment. The consistently high UE for
Border Leicester crosses among non-exotic

breeds (see also Cummings et al., 1975, and
Meyer and Clarke, 1982) explains in part
their popularity as a ewe sire breed in dif-
ferent countries and has served as the basis
for their choice as recipients in several
embryo transfer/muldplication programs.

The very positive effect of Finnsheep on
embryo survival likewise appears to be a
consistent breed characteristic. In a study
of Targhee and Finn x Targhee ewes con-
ceiving to twin ovulations, 90% of the Finn
crosses managed to produce twins com-
pared to only 70% of the straightbred
Targhees (Meyer and Bradford, 1973). The
previously mentioned body condition study
including Polypay ewes (which are 1/4
Finn) also found an advantage of Polypays
over Polypay crosses in which the Finn
component is reduced. This was suppotred
in a subsequent study (Nawaz and Meyer,
1991) in which purebred Polypay ewes con-
ceiving to twin ovulations exhibited a mean
UE of .96 compared to .85 for three
Polypay crossbred genotypes and .74 for
two genotypes containing no Polypay

breeding.

Reports concerning other prolific sheep
such as the Romanov (Ricordeau et al.,
1982) and Javanese breeds {Bradford et al.,
1986) suggest that the effect noted in the
Finn may be common to prolific breeds.
The highly prolific Booroola Merino in
which prolificacy is due to a single allele
shows a substantial UE superiority over
other Merinos (Bindon et al., 1980) but
does not achieve the levels seen in other
prolific breeds (Meyer et al., 1994). The
previously mentioned Border Leicester
effect was quite evident in Border Leicester
% Booroola crosses with the crosses having
higher UE than purebred Booroolas at ovu-
lation rates of two, three and four.

Burther evidence of an effect of ewe geno-
type on urerine efficiency comes from a
two-year study of immunization to increase
licrer size (Meyer et al., 1988}, The study
was conducted in a large crossbred com-
mercial flock in which ewes were identified
as to whether they were heavily blackface or
showed no sign of blackface breeding -
smutface’ and brockle-face ewes were
exclnded from the study. Among ewes con-
ceiving to twin ovulations, mean lieeer size
of whiteface ewes (1.84) was .12 Jambs
greater than the average for blackface ewes

(1.72) over two years. All ewes had been
run together since birth and were group
mated to the same rams.

Our ongoing studies with various ewe
genotypes reinforce the above observation.
In a recently completed five year study,
whiteface ewes consistently demonstrated
equal or higher uterine efficiency than
Hampshire ¥ whiteface crosses. In every
year of the study, purebred Hampshires
demonstrated the lowest uterine efficiency.
Apart from the second year of the study (in
which all ewes were in poor body condition
at mating), whiteface ewes have averaged
89% of twin ovulators producing twin
lambs compared to 83% for Hamp crosses
and only 64% for purebred Hamps. In the
second year of the study, all three groups
ranged from 60 to 64% twinning, reflect-
ing the earlier observation that poor body
condition can have major negative effects
on uterine efficiency.

Embryo Genotype

Although the effect appears to be smaller,
there is evidence that genotype of the
embryo (i.e. breed of ram used) may also
affect embryo success. In the above study
with whiteface, Hamp crossbred and pure-
bred Hampshire ewes, a variery of sire
breeds were randomized across ewe geno-
types. However, in each of the five years,
one of the sire breeds used was Suffolk with
the rams used each year coming from the
same large purebred flock with care taken
to insure that rams were unrelated. In every
year, twin-ovulating ewes mated to Suffolk
rams have had lower litter size than ewes
mated to whiteface rams.

In the second year of the above trial, when
body condition of ewes was low, twin-ovu-
lators conceiving o Suffolk rams had a
mean litter size of only 1.46 compared to
1.73 and 1.81 for ewes mated to Texel and
Dorset rams, respectively, The low UE of
ewes mated to Suffolk rams was not due to
low values for a single ram, since the three
Suffolls rams had values of 1.43, 1.45, and
1.50 lambs born from conceptions to twin
ovulations - all were below the lowest value
for any Texe!l or Dorset ram.

The effects of embryo genotype and ewe
genotype may be additive. The lowest UE
observed for any ewe x sire combination
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consistently came from  purebred
Hampshire ewes mated to Suffolk rams -
only 40% of these ewes produced twins
after conceiving to twin ovulations.

Ewe Age

Few studies of embryo loss have been large
enough to examine the effect of ewe age on
loss rates. An exception was a large trial
involving 2246 ovulation/lambing records
of Booroola and Merino-derived genotypes
(Meyer et al., 1994). Young (two- and
three-yr.-old) ewes consistently exhibited
the lowest UE with litter sizes averaging
109 below the overall means for respective
ovulation rates. Within ovulation classes,
four-through six-year-old ewes exhibited
comparable mean litter sizes with litter size
dropping off among seven-year-old ewes.

Summary/
Recommendations

1. Recognize that body condition affects
uterine efficiency and that while flush-
ing increases ovnlation rate, only a por-
tion of the extra eggs will be realized as
fambs,

2. Post-mating nutrition is important for
embryonic success, especially if ewes
are in poor body condition. Good
nutrition should extend as least three
weeks beyond mating. It is better to
sort off the 50% of ewes in poorest
body condition and flush them both
before and after mating rather than w
flush all of the flock before mating and

discontinue the extra nutrition early.

3. Among genetic cffects, both Border
Leicester and Finn genes increase
embryonic survival with Finn genes
having the larger effect.

4, Choice of ram breeds may inflnence
embryo loss (and definirely affects
post-natal losses), especially if ewes are
in poor body condition. Blackface
bieeding seems to be detrimental w©
embryo survival compared to white-

face breeding,
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Lamb Mortality

Mﬁurice Shelton and Tim Willingham

Texas Agricultural Experiment Station, San Angelo, Texas 76901

Introduction

It has been established that net reproduc-
tive rate (lamb crops weaned) is the largest
contributing factor to efficiency of lamb
meat production {Large, 1970). With the
present low rate of return from wool pro-
duction, it is imperative that producers who
will survive must produce meat more effi-
ciently. There is also a need to increase
overall numbers of lambs produced in order
to justify the maintenance of the necessary
infrastructure to sustain the indnstry. On a
flock basis there are a number of compo-
nents of net reproductive efficiency includ-
ing age at sexual maturity, length of pro-
ducrive life, seasonality of reproduction,
frequency of lambing, ewe fertility, ovula-
tion rate, embryo mortality and famb sur-
vival. Among these, it has been suggested
that under some conditions, reducing famb
mortality offers the greatest opportunity to
improve the efficiency of the flock (Wang
and Dickerson, 1991},

The Potential

For a single or given season, the potential or
upper limit for reproductive rate is repre-
sented by the ovulation rate of the ewes
exposed for mating. The difference
berween the potential and the lamb crop
raised is often referred to as reproductive
wastage. Artempts have been made to esti-
mate and partition these losses which will
obviously vary with conditions. One such
study reported by Willingham, Shelton,
and Thompson {1986) for finewool ewes
under Texas range conditions is shown in
Figure 1. In this study the potential lamb
crop, based on ovulation dara, was estimat-
ed at approximately 151.9%, whereas the
actual famb crop raised was 100.7%. The

two major areas of loss were the difference
between ovulation rate and embryos pres-
ent (34 lambs per 100 ewes or 22.4% of
toral ovulations) and the difference berween
lambs born and lambs weaned (15.9 lambs
per 100 ewes or 13.6% of the total lambs
born). In these dara, few prenatal losses
occurred after 24 days of gestation. These
findings are consistent with other works
suggesting that 20-30% of fertilized ova are
lost during pregnancy (Edey, 1969) with
much of this loss occurring within 19 days
of conception (Michels et al., 1998). At
this time there are few clues as to how to
reduce the loss between ovularion and
implantation, but it is thought to be, in
part, a matter of chance which individual
ewes il to become pregnant or multiple
ovularing ewes become pregnant with only
one embryo. These data were obtained
using range Rambouillet ewes, and both
prenatal and postnatal losses would likely
have been greater if mote prolific types were
used. The options to increase the number
of lambs raised consist of increasing the fer-
tility (number of ewes becoming pregnant)
increasing the ovulation rate, lambing more
frequendy, and reducing lamb mortaliry.
The latrer is the subject of this paper.

Although postnatal losses as low as 2%
{Schwulst et al., 1999) have been reported
under intensively managed conditions, the
writers consider 10 percent as a practical
minimum under production conditions.
The percent of stillborn lambs under field
conditions will usually exceed the 2% fig-
ure (8.4% of total death losses - Rook
1989), but some of the reported stillbirths
may be reduced if workers are present at
parturition. From the suggested minimum
of 10%, losses approaching 100% have
been observed. Losses of this magnitude

are usually associated with heavy predation
or some calamitous event such as storms
{heavy snows) at lambing or serious disease
outbreaks,

In well managed flocks (but not barn or
shed lambed), death fosses tend to run from
eight to 129 for singles and 16 to 20% for
twins and for litter sizes above two, mortal-

ity is much higher.

Flocks with litter sizes above two tend to be
those with ewes from the more prolific
breeds such as the North European Short
Tail group (Finnish Landrace and
Romanov) or those carrying the FecB gene
of Booroola origin. Mortality rates for
triplets tend to approach 30% (even with
intense management) and with four or
more lambs the mortality tends to be 50%
and above (Willingham and Shelton,
1990). The net result is that litter sizes
above two may not result in an increase in
the lamb weight weaned. This may not be
the case for triplets if they can be intensive-
ly managed.

The above discussion suggests that: (a)
lamb morality is a serious problem to be
dealt with, (b) this problem is likely to
increase with efforts to increase lambing
rate, {c) more intense management at lamb-
ing may contribute to improved lamb sur-
vival, and (d) the reduced flock sizes associ-
ated with the decline in ewe numbers may
make it feasible to provide more intense
management at lambing.

Even with intense management at lambing,
and cerrainly in the absence of this, pro-
ducers need t develop breeding and man-
agement strategies that maximize or opti-
mize lamb survival and growth,
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Factors contributing to lamb survival (or
losses} may be divided into genetic and
environmental components. Of these, envi-
ronmental {including management) may be
considered to be the most important, but
there are genetic components as well.

The Genetic Component

Genetics or breeding systems are conuibut-
ing factors to lamb mortality or sucvival in
many ways. Genetics is a major contribut-
ing factor to litter size which, as outlined
above, affects lamb mortality or survival,
Litter sizes above two are not frequent
enough to present a setious problem, except
for the more prolific types. Those (prolific
breeds) available in this country include the
Finnish Landrace, the Romanov and those
catrying the FecB gene of Booroola origin.
In commercial lamb production, none of
these should be used as purebreds or in the
homozygous state with respect to the FecB
gene. In the case of the short tail types, the
percentage can be diluted to that desired,
but the Booroola type can be employed
only as homozygote {two copies of the
gene) or heterozygore (one copy of the
gene). Some data on ovulation and lamb-
ing rate for the half Finnish and the het-
erozygote (one copy of the gene) Booroola
gene is shown in Table 1.

These dara show thar both types have
approximately the desired ovulation and
fambing rate, bue that the Booroola (FecB)
carrier has a greater tendency to have liteer
sizes above two. Experience with the origi-
nal Booroola genotype has shown thar they
de a poor job of rearing this number of
lambs {Bindon, 1984). There is work in
progress to transfer the FecB gene into
other genotypes such as the Rambouillet,
but it is not known at chis time if these will
do a better job of rearing multiple births.
It is expected that the Rambouillet geno-
type will provide heavier weaning weights
or faster growth rates. For the present dis-
cussion, it is suggested that the Romanov
would perform similarly to the Finn in this
respect {Fahmy, 1996).

In addition to the influence of litter size, it
is expected chat mating system (heterosis in
either the dam or the lamb), when correct-
ed for litter size, will tend to improve lamb
survival by two to 5 percent (Wiener et al
1973}, but this may vary with the breeds

involved.

One of the major factors contributing to
lamb mortality is cold stress. It has been
shown that a single gene trait results in a
hairy birth coat which improves lamb sur-
vival of those exposed to cold stress (Slee,
1978}. It may be significant to note that
none of the prolific breeds currently
employed possess this gene.

It has been shown that there is a heritable
component to the ability of the dam to
raise the lambs born to her (Shelton and
Menzies, 1970). The heritability of this
trait (.16 in this study) is of a similar to or
of greater magnitude to thar of the other
reproductive traits. Such an effect might be
mediated through temperament or mother-
ing ability of the ewe, udder shape, miiking
ability, etc, It should also be pointed out
thar in the case of lamb mortality, selection
for survival is automatic and may equal the
magnitude warranted. However, the ability
to rear lambs may be a more important
component of selection for lifetime ewe
productivity or total lamb weight weaned
over a period of years. In addition, lamb
survival may well play a part in the choice
of cross breeding system and breeds
employed for commercial lamb production.

Environmental Factors
Contributing to Lamb
Survival

As mentioned earlier, serious losses of lambs
may occur as a result of predation or dis-
ease, although the latter tend to be associat-
ed more with prenatal as opposed to post-
natal fosses.  For reasons of time and space
these items will not be dealt with in the
present discussion, but are issues that the
producer will need to address.

Perhaps the greatest single predisposing fac-
tor contributing to lamb loss is birth
weight; whereas in fact, the major direct
causes of losses are starvation and hypother-
mia. The literature relating to these points
is rather extensive and no attempt will be
made to review all of this at this time. One
such study (Shelton, 1964) based on
finewool ewes {mostly Rambouillet) with
the moderate level of management neces-
sary to collect experimental data indicated
death losses more than 65% for lambs

weighing less than 4 pounds at birth.
Minimum losses (6.4 to 8.1 percent)
occurred for lambs weighing nine to 12 Ibs.
Losses increased for lambs weighing above
12 Ibs., and some ewe losses will be encoun-
tered with these heavy weight lambs, espe-
cially if ewes are lambed unattended on the
pasture or range, However, death losses due
to overweight lambs represent a very small
part of the problem {(0.32% of the number
in the above study) involving mostly fall
born lambs. The problem of heavy weight
lambs will be greater for single lambs born
in the spring of the year. At the same time
it will be less with increased use of more
prolific types of ewes. The only precaution
the author would suggest in respect to
heavy weight lambs would be to use caution
in breeding large sire breeds (such as
Suffolk or Hampshire} to first lambing
ewes {ewe Jambs or yearling ewes) which are
bred for spring lambs. Some increased
losses of both lambs and ewes have been
reported  under  these  conditions
(Willingham et al., 1994}, Several factors
were involved in this instance such as large
sire breed rams, and small or underdevel-
oped femnales producing mostly single
lambs born in the spring of the year,

Since low birth weight is a major predispos-
ing Factor to lamb mortality it seems logical
to look at factors affecting birth weight.

Unquestionably, litter size has the greatest
influence on birth weight, but in any effort
to improve efficiency of meat production
from sheep, it is not feasible to suggest a
reduction in prolificacy as a means of
improving birch weight. Perhaps the ideal
situation would be for first lambing ewes to
produce single lambs and to produce twins
at each subsequent lambing. Although this
is not likely to be completely reatized,
efforts should be made to approach this by
discriminating against single births (except
for young ewes) and liteers in excess of two
or possibly three, This is the basis in which
many producers have used ewes carrying a
percentage of one of the more prolific
breeds which will ofren approach this theo-
retical ideal.

Aside from liteer size, the other factors
affecting birth weight are nutrition and
ternperature. The latter also contributes to
lamb mortality (or survival) aside from its
contribution to birth weight.
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Nutrition is not a major factor in birth
weight of single lambs from ewes in medi-
um to good flesh which are receiving ae
feast a maintenance ration. If there is a
nutritional problem for single bearing ewes
it is more likely to be protein, but the aver-
age producer is so oriented to providing
protein that this practice may be overdone.
A single bearing ewe may require only on
the order of 180 grams {0.4 ibs.} of protein
even in the last trimester of pregnancy, and
assiming at least half of chis is provided by
the pasture forage, as little as 90 grams or
0.4 Ibs. of a protein supplement may be
required. A good pasture may well provide
for all their needs. There may be other rea-
sons for feeding or not feeding during
lambing. Ewes which are hungry may be
busy feeding and pay less attention w
mothering the lamb. Also, if hand feeding
is practiced (such as feeding pellets on the
ground), the disrupton of feeding may

cause ewes to abandon newborn lambs.

Feeding during late pregnancy and early
postpartum is more critical for litter bear-
ing ewes. The increased demands for the
two or more fetuses may place the ewe in a
negative energy or protein balance. Fleshy

ewes may breakdown body fat to meet their

own needs, but there are two problems with
relying on this to meet the ewes' energy
needs for fetal development. Catabolism of
body fats can be used to meet the ewe’s
direct energy needs, but it cannot be or is a
very inefficient source of glucose (the pri-
mary nutrient required by the fetus). Thus
even with the breakdown of body fat the
embryo may be undernourished, and the
incomplete breakdown of the body fat may
trigger pregnancy toxemia which is fatal to
the ewes. Also ewes carrying multiple fetus
may have reduced body space as a result of
the uterine contents and thus be unable to
consume sufficient low quality forage or
feedstuffs to meet their needs. Producers
may choose to pregnancy test their ewes
{ultrasound) in order to sort single from
multiple ewes. On the other hand, they
may choose to make this distincrion based
on breeding or their knowledge of the
flock. For instance, range raised finewool
ewes usually have a relatively low level of
twins and seldom have more than two and
thus are often treated as single bearing ewes.
On the other hand, more prolific rypes of
ewes may be assumed to have 2 high fre-

quency of multiple births and be treated as
such.,

A second important environmental factor
affecting birth weight and thus famb mor-
tality is environmental temperature during
(late) gestation (Shelton, 1964). High envi-
ronmental tempetatures duting late gesta-
tion {last 30 to 45 days) will result in fetal
dwarfing. The physiological explanation
for this is thar if the ewes are suffering from
heat stress (increased respiratory rate} their
{finite) blood supply will be shunted to the
lungs and superficial tissue to accommo-
date heat loss, with a reduced blood supply
available to the internal organs (especially
the uterus). The result is an undernourished
{one or more) fetus, and the degree of this
effect is dependent on the amount of heat
stress and how long (hours of the day or
number of days} it is experienced. This
effect is not prevented by feeding or condi-
tion or fleshing of the ewe. In fact both of
these can have a further negative impact.

Fortunately this problem does have partial
or reasonable solutions. The problem is
obviously more serious in the more south-
ern dimates and among late summer or
early fall born lambs. However, some
degree of fetal dwarfing can be documented
throughout much of the country. In gener-
al, fall born lambs weigh approximately one
to 2 Ibs. less than spring born lambs of sim-
ilar genotype. This may go largely unno-
ticed by producers, but it may influence
larb survival in both negartive and positive
ways (e.g., there may be fewer problems of
dystocia}. On the other hand, there is a
serious interaction between litter size and
birth weight of late summer and fall born
lambs. It appears that under these condi-
tons there is a finite amount of nutrients
available to the uterus and that twin born
lambs may weigh only on the order of 1/2
what a single would weigh. The problem is
much worse for litter sizes of more than
two. The author is aware of reported
instances of 50 to 70 percent morialities of
late summer or early fall born famb crops
from rthe more prolific types of ewes. A rea-
sonably effective solution to these problems
is to avoid lambing ewes under these condi-
tions (avoid August and September famb-
ings). In Texas, it is preferable to delay
lambing until October 15. Ewes subjected
to heat stress in laze gestation may be bene-

fitted by providing good shade during the

day (possibly open barns) and allowing
them to feed at night. For producers oper-
ating under extensive conditions or with
limited labor, this type of management is
often not an option.

The second major effect of temperature on
lamb mortality is that of cold stress during
lambing (Falck, Carstens and Waldron,
2001). It must be realized that unless pro-
tection can be provided for ewes Jambing
during the cold seasons, hypothermia is a
major cause of lamb mortality. It will be
recalled thar Rook {1989) reported starva-
tion as the major cause of death; however,
much of this starvation was predisposed by
low birth weights and cold stress at lamb-
ing. The degree to which cold stress is a
problem would obviously depend on loca-
tion (latitude). At the more southern foca-
tions {e.g., Texas) many producers avoid
lambing in late December, January and
possibly early February. Other producers in
the Northwest may avoid lambing prior to
May.

The degree of this problem (cold stress) is
also related to litter size (Willingham and
Shelton, 1986) in that lamb losses to cold
stress are much higher among multiple
births than for singles (see Figure 2). In the
referenced study, death losses among multi-
ple births were higher for licters born in the
winter than for spring or fall, whereas, sin-
gle born lambs were not similarly affected.
Thus, there is an interaction with respect to
death losses berween lambing rate (litter
size} and lambing date. This interaction is
no doubt partially explained by the effect of
cold stress on low birth weight lambs, but it
is also impacted by the fact that with ewes
giving birth to two or more lambs, the time
the ewe spends with an individual lamb is
both reduced and delayed. The end result
of this may well show up as a lamb which
starved, but in reality the explanation may
be more complex. Thus, for producers who
are unable to provide intense management
at lambing, the breeding or lambing season
should be delayed o avoid lambing during
the cold season, and this is especially true
for the more prolific types of ewes.

No attempr is being made to discuss details
of intensive management during lambing
in the belief that producers have their own

skills. With larger flocks, the indusiry is
likely moving away from lambing in con-
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finement due to the facilities and labor
required. However, if flock sizes are
reduced along with the use of more prolific
types, more intense management during
lambing may become both more important
and more feasible. In this connection, it
should be pointed out thar with appropri-
ate management during breeding, the
lambing period may be reduced to as litdle
as three wecks per lambing season, The
economics of intense management at lamb-
ing would be greatly dependent on overall
facilities and labor supply.
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Table 1. Distribution of ovulation and lambing rate of the prolific types.

Ovulation rate (%) Lambing rate (%)
Type* 1 2 3 4 avg, 0 1 2 3 4 avg.
Booroola {carrier) 7.8 467 377 7.3 2.64 5.5 23.6 473 20.0 3.6 2.05
1/2 Finn. 16.4 65.9 15.9 1.6 2.11 7.0 257 52.6 123 2.3 1.85

* Adapted from Willingham, Shelton, and Lupron {1988)

s
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Figure 1. Areas of Reproductive Wastage
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Opportunities to Reduce Seasonality of
Breeding in Sheep by Selection

Introduction

Seasonal reproduction is a serious problem
for the sheep industry, reducing effective-
ness of accelerated lambing programs,
restricting flexibilicy to integrate lambing
into other farm activities, and limiting
access to favorable seasonal markets.
Environmental or hormonal stimulation of
reproduction requires increased investment
in feed, labor, and {or) facilities, increases
cost of production, often requires access to
products that are not readily available or
not approved for use in sheep, and may not
be feasible in extensive ot semi-extensive
production systems. However, less inten-
sive and less costly management interven-
tions are available to improve reproduction;
chief among these is use of the ram effect
(Oldham and Fisher, 1992}, In addition,
substantial evidence exists to document
genetic differences in seasonality of breed-
ing, leading to opportunities to reduce sea-
sonality by selection.

This review will address potential for genet-
ic improvement of reproduction in sheep in
both annual autumn and accelerated Jamb-
ing systems. Satisfactory reproductive per-
formance in both systems is mainly limited
by the need to lengthen the breeding season
to encompass spting and summer matings.
In annual Jambing, a shift in the annual
pattern of reproductive behavior may be
sufficient to meet the needs of the program,
and ram effect is a useful rool for induction
of estrus. In contrast, accelerated lambing
systems place a premium on rapid rebreed-
ing which is not required in annual lamb-
ing. Accelerated systems thus generally
require mote careful timing of ram effect
and greater genetic sensitivity of ewes to
ram introduction.

D.R. Notterl

Selection to reduce seasonality of breeding
involves application of the principles well-
established. Selection among existing
breeds is used to establish a flock with desir-
able initial characteristics. A breeding pro-
gram is then designed to appropriately uti-
lize complementary breed effects and
hybrid vigor. And finally, selection within
the flock is implemented to generate genet-
ic improvement in economically important
traits.

Seasonal Patterns of
Reproduction in Sheep

A typical pattern of seasonal variation in
occurrence of estrus for temperate sheep
breeds is shown in Figure 1, derived from
results summarized by Notter (1992), with
dramatically reduced fertility in spring and
summer., However, the dates of onset and
cessation of anestrus vary widely with
breed, latitude, and management. For
some breeds and at some locations, the sea-
sonal anestrus may not be absolute, with
some ewes in estrus during each month of
the year (Wiggins et al,, 1970; Hall et al,,
1986). However, even in relatively nonsea-
sonal breeds, most ewes appear to become
anestrus at some time during the year
Documented continuous cyclicity is rare.
Hall et al. (1986) reported that only four of
73 Dorset ewes in a New Zealand experi-
ment cycled continuously for a period of 15
mo. Wiggins et al. (1970) reported that
two of 23 Rambouillet ewes in an Alabama
flock cycled continuously for 4 yr. More
recently, Vincent et al. (2000) documented
continuous occurrence of estrus during
spring and summer in a high proportion of
ewes from a population selected for out-of-
season breeding.

The duraton of seasonal anestrus in the
ewe may be modified by introduction of
males to the flock. In anestrous ewes that
have been isolated from males, introduc-
tion of rams commonly induces ovulation
in a proportion of the ewes, whereas ewes
that remain isolated from males remain
anestrus. Likewise, ewes that have been in
continuous contact with rams during
anestrus take longer to begin cycling than
ewes that were separated from, and then
reintroduced to, rams, although the intro-
duction of unfamiliar rams may induce
some ewes to cydle.

Variation in number of lambs born is also
commonly observed among ewes lambing
in different seasons. Ovulation rate is com-
monly reduced in ewes cycling in spring
and summer (Quirke et al., 1988}, and
embryonic ‘mortality may be increased,
especially if ewes are exposed to high sum-
mer temnperatures during gestation.  An
example of seasonal variation in number of
lambs born per ewe lambing in different
ewe types is reproduced in Figure 2 {Notter
and Copenhaver, 1980). In general, the
average number of lambs born per ewe
lambing is reduced by one third to one half
of a famb in adult ewes lambing in autumn.
Heat stress during gestation may also influ-
ence lamb birth weights and perinatal mor-
tality (Shelton, 1964; Shelton and Huston,
1968).  Al-Shorepy and Norter (1998)

reported that autumn-born lambs in
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Virginia averaged .6 kg less at birth than
spring-born Jambs, with associated increas-
es in lamb mortality.

Environmental and
Neuroendocrine Control
of Seasonal Breeding

Changes in reproductive status in the sheep
are associated with changes in day length.
The response of the ewe o changing light
conditions is mediated by the hormone
melatonin from the pineal gland. Cells in
the pineal gland possess neuroendocrine
connections to the optic nerve and respond
to light signals from the eye. In datkness,
the pineal typically produces melatonin at
mean levels of 100 to 300 ng/ml of circu-
lating blood plasma. During the day, or
under artifictal lighting, circulating mela-
tonin levels drop precipitously, with mean
levels generally below 30 ng/mi.
Circulating melatonin levels thus reflect
external light conditions. Seasonal changes
in the daily pattern of circulating mela-
tonin, as opposed to absolute circulating
levels of the hormone, are the main factor
controlling seasonal changes in reproduc-
tion.

Expression of seasonal reproduction
requires cyclic changes in day length.
Under controlled lighting, the seasonal
reproductive pattern can be accelerated by
increasing the rate of change in day length,
and two complete cycles of reproductive
activity/inactivity can be induced in a 12-
mo period by doubling the daily rate of
change in day length. However, Robinson
and Karsch (1984) and Robinson et al.
{1985) have shown that exposure to a con-
stant day lengrh (either long or short) can-
not maintain the ewe in a constant repro-
ductive state. Highly seasonal Suffolk ewes
maintained under constant light conditions
for more than 12 to 13 wk following either
the winter or summer solstice exhibited
spontaneous changes in reproductive state
that were independent of both day length
and circulating melatonin levels. This
response indicates that there is an internal
mechanism in the ewe that is capable of
producing cyclical changes in reproductive
status. ‘Changes in day length can interact
with this internal cycle to modify, but not
eliminate, seasonal reproduction. In practi-
cal breeding programs, manipulation of

reproduction by controlled lighting thus
requites modification of the pattern of
change in day length rather than simple
imposition of a constant, stimulatory pho-
toperiod.

The ram effect is controlled by a
pheromone produced by the male, which
explains why expression of ram effect
requires a period of isolation from males (to
prevent ewes from becoming refractory to
the phetomone), why males may differ in
ability to induce ram effect, and why new
rams may be able to induce estrus {differ-
ences in chemical structure or level of pro-
duction of pheromone).
events that follow ram introduction are
well-known (Martin et al.,, 1986}, FEwes
that respond to ram effect generally have an
increase in pulsatile release of luteinizing
hormone {LH) from the anterior pituitary
gland within a few minutes of ram expo-
sure, This pattern of LH release causes ovu-
lation, usually within 1 to 2 d of ram intro-
duction. The first ovulation is generally not
accompanied by estrus; instead, the first
estrus is anticipated to occur at the second
ovulation, 18 o 19 d after ram introduc-
ton. Also, in some ewes, estrus is further
delayed by formation of an incompetent
corpus luteum (CL) at first ovulation. In
these ewes, the first CL regresses prema-
turely, 5 to 6 d after ovulation. A second
ovulation may then occur 6 to 8 d after ram
introduction but is again not usually associ-
ated with estrus. If a normal CL is formed
after the second ovulation, a third ovula-
tion, now accompanied by the first estrus, is
anticipated about 24 d after ram introduc-
tion. Classical expression of ram effect in
highly responsive Australian Merino ewes
thns involves two periods of estrus activity
at about 19 and 24 d after ram introducrion
(Oldham and Fisher, 1992). However,
both Nugent et al. (1988) and Cushwa et
al. (1992} observed less tighty synchro-
nized responses to ram introduction in U.S.

breeds.

The endocrine

Ram effect is most useful in advancing the
onset of the breeding season by 4 to 6 wk
and is perhaps the most effective manage-
ment tool avaifable for accomplishing this
objective. Some ewes also respond to ram
effect in early to mid-anestrus, but fewer
ewes generally respond, and the response is
less refiable, in part because some ewes ovu-
late only once {without estrus) and then

return to anestrus, Figure 3 displays antic-
ipared responses to ram introduction at dif-
ferents seasons {derived from concepts and
data presented by Marrin et al., 1996, and
Oldhaim and Fisher, 1992).

Breed Effects and
Heterosis

Breed differences in duration and timing of
the breeding season are readily demonstrat-
ed, beginning with Hafez (1952). Among
Notth Ametican breeds, Dorsets are gener-
ally considered to be less seasonal than
other breeds. However, Rambouillet and
Finnsheep also have considerable potential
for out-of-season breeding, and crosses
involving Dorset, Rambouillet, and (or)
Finnsheep have commonly been superior to
other breeds and crosses (Notter and
Copenhaver, 1980; Fogarty et al., 1984).
Finnsheep may continue cydling longer in
spring, but also initiate cycles later in fall,
than Rambouillet or Merino ewes (Quirke
et al.,, 1988; Wheeler and Land, 1977).
Hulet et al. (1984} demonstrated that
Polypay ewes, derived from crosses among
Dorset, Rambouiller, Targhee, and
Finnsheep, had better out-of-season fertli-
ty than several of the component breeds
and crosses. Conversely, breeds such as the
Suffolk, Hampshire, and Columbia gener-
ally are poor out-of-season breeders

{Dufour, 1974; Jeffcoate et al., 1984).

Breed differences in tesponsiveness of ewes
to ram effect may contribute to differences
in out-of-season breeding., Ewes of Merino
type (including American Rambouillet)
and most Mediterranean breeds are highly
sensitive to ram effect, especially in sum-
mer. Nugent et al. (1988) reported that
Dorset ewes responded to ram effect in
both May and June, whereas Hampshire
ewes responded in June but were much less
responsive than Dorsets in May, Breed dif-
ferences in the ability of males o elicit ram
effect have been reported. Dorset rams
were more effective than Romney rams in
inducing estrus in New Zealand Romney
ewes (Tervit and Peterson, 1978; Knight et
al., 1980). Nugent and Notter (1990) also
reported that ewes exposed to Dorset rams
lambed earlier than ewes exposed to Suffolk
rams. Breed differences in performance in
accelerated lambing have also been report-
ed. Notrer and Copenhaver (1980) report-
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ed that with three lambing opportunides
every 2 yr, Finnsheep x Rambouiller ewes
lambed more frequently than 25%-
Finnsheep, 75%-Rambouillet ewes; Suffolk
x Rambouiller ewes lambed least frequently.

Few studies have measured heterosis for
traits associated with seasonal breeding.
Dufour (1974) reported that ewes of 50%
Dorset, 25% Leicester, and 25% Suffolk
breeding had a longer breeding season than
any of the component breeds, but some
selection may have occurred within the
crossbreds. Quirke et al. (1988) reported
that the breeding season of crosses between
Dorset, Rambouillet, and Finnsheep aver-
aged only 9 d longer than that of the pure-
breds, and Clarke (1985) observed that fer-
tiliry of Finnsheep x Dorset ewes in April
and May was slightly inferior to that of the
purebreds. In the male, Whiteman (1976)
reported that Suffolk x Hampshire rams
settled more ewes than rams of the parent
breeds in summer, but not in autumn.

There is perhaps little reason to anticipate
heterosis for duration of che breeding sea-
son in the sheep. In each breed, natural
selection is anticipated to have resulted in
establishment of a pattern of breeding
behavior appropriate to the evolutionary
history of that breed. Genetic mechanisms
which control the breeding season are not
undetstood, so strong predictions cannot
be made about length and timing of breed-

ing in crossbreds.

Development of
Breeding Programs

Breeding programs for out-of-season or
accelerated lambing generally involve some
sort of terminal sire crossbreeding program.
Breeds with the greatest capacity for out-of-
season breeding are generally moderate in
size and growth rate and relatively early
maturing. [ncreases in lamb value can be
attained by crossing such ewes to rams of
larger later-maturing breeds to increase
growth rate and leanness,

The typical terminal sire breeds {e.g., the
Suffolk, Hampshire, Columbia, and Texel)
are generally poor out-of-season breeders
and not optimal as ewe breeds in our-of-
season or accelerated lambing. However,
rams of even these seasonal breeds usually

do not become completely sexually inactive
during spring and summer and, if carefully
managed, can often be used in crossbreed-
ing throughout the year, Certainly, when
rams of seasonal breeds are used, breeding
soundness and serving capacity tests should
be administered, ram:ewe ratios should be
increased, rams should be equipped with
marking harness to monitor mating, and
multiple-sire breeding pastures should be

favored.

An important decision in designing breed-
ing programs will be whether to use breed-
ing rams of less seasonal breeds such as the
Dorset instead of rams of larger, but also
usually more seasonal, meat breeds. Use of
rams of less seasonal breeds may enhance
fertility but can reduce lamb growth rates
and carcass value. This decision Jikely will
be influenced by the prevalence of other
factors that may potentiate unfavorable
light conditions, including high tempera-
tute, high humidicy, little access to shade,
and difficult, extensive graving condidons.
As the number of seasonal stress factors
goes up, the potental value of less seasonal
sire breeds also increases, as does the need
for more intensive management of breeding
rams.

Selection

Selection to reduce seasonality in a fixed
annual season or to improve overall per-
formance in accelerated lambing presents
unique challenges relative to other genetic
improvement programs. While principles
of genetic improvement are common to all
traits, their application is more difficult for
complex reproductive traits,

Annual, ont-of-season lambing,

Genetic improvement of fertility in spring
and summer requires thar animals be
allowed to express genetic differences in fer-
tilicy, whereas profitable sheep production
dictates that every effort be made to maxi-
mize reproductive petformance. Thus,
breeding programs directed at genetic
improvement usually involve two phases: 1)
a challenge phase, in which animals are
given the opportunity to express genetic dif-
ferences, and 2) a clean-up phase in which
animnals that do not become pregnant in the
challenge phase are given a second opportu-
ity to conceive under either more favorable
environmental conditions or more intensive

reproductive management.

The objective of the selection is to improve
performance during the challenge phase w0
a level that will allow clean-up matings to
become unnecessary. Further, the clean-up
phase must be designed so that it will not
have a negative impact on ewe performance
in next year's challenge phase. Figure 4
shows a scheme for a primary spring breed-
ing followed by late-summer clean-up mat-
ings. In addition, the primary spring mat-
ing is structured to allow discrimination
between ewes that are naturally cycling at
the start of mating and those that are
induced to cycle by ram effect. Early wean-
ing (at 45 to 60 d) of lambs from clean-up
matings provides ewes with adequare time
to recover from lactation and express their
rebreeding potential at the next spring mat-
ing, Dzabirski and Notter (1989) found
that Dotset ewes lambing in January were
less likely than ewes that lambed in
October to cycle spontaneously in the fol-
lowing April, but did not differ from ewes
that had lambed in October in mean fertil-
ity or lambing date.

This design was used at Virginia to develop
animals with increased fertility in May and
June (Al-Shorepy and Notter, 1996, 1997;
Notter et al., 1998). In the early years of
the project, when mean fertility of adulc
ewes averaged about .5, all ewes were
exposed to several vasectomized rams in a
single group for 2 wk before the start of the
May breeding. As mean performance
improved, use of reaser rams was eventually
discontinued and ewes were isolated from
rams before breeding. Under this protocol,
shown in Figure 4, ewes that lamb in the
first 2 wk of the lambing season were
assumed to have been cycling at the time of
ram introduction and were favored in selec-
tion. Later-born lambs were more likely to
have been born to ewes that responded to
ram effect and were discriminated against,
particularly in choosing male replacements.

The schedule shown in Figure 4 is prefer-
able to leaving rams with ewes unil the
start of the next narural breeding season.
Ewes can be isolated from rams during July
and thereby respond to ram effect when
rams are reintroduced in August.
Continuous ram exposure can cayse ewes to
become desensitized to ram effect, reducing -
fertility in clean-up matings. '
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An alternative plan for the clean-up phase
(Figure 4) would be to use some sort of
pharmacological treatment on ewes at the
end of the challenge phase. Such a straregy
must be designed with care to avoid nega-
tive effects on ewes that become pregnant
early in the challenge phase, but treatments
involving melangesterol acetate, controlled
lighting, or melatonin supplementation
would potentially be useful. This sort of
intensive treatment during the clean-up
phase will likely be required if ewes are to
be bred before August. Results in the
Virginia Tech selection project suggest that
most ewes that conceive during the chal-
lenge phase do so within the first 30 d of
breeding (D. R. Notter, unpublished); ewes
that are not cycling spontaneously and do
not respond to ram effect in May appear
unlikely to begin cycling in June. In thar
experiment, treatments to stimulate clean-
up matings could have been imposed by
June 1 without compromising selection.

A particular concern in annual out-of-sea-
son lambing programs is how to best intro-
dnce replacement ewe fambs to the system.
Fertility of autumn-boru ewe lambs
exposed in spring to lamb for the first time
at 12 mo of age is almost always poor, yet
these are the animals thar are expected to be
genetically superior as adults in out-of-sea-
son breeding. Notter et al. (1998) reported
that selection increased ferdlity of adult
ewes in May to over 80% but that fertility
of 7-mo-old selected ewe lambs averaged
only 15% and had not responded to selec-
tion. Under the scheme shown in Figure 4,
most ewe lambs will lamb for the first time
in January at 15 mo of age. Care is required
in managing these animals to maximize
their probability of rebteeding. They
should be separated from adult ewes and
weaning of lambs should occur as early as
practical.

Matings during the challenge phase usually
involve single-sire breeding pastures to pro-
vide pedigree information used in genetic
evaluation. Careful evaluation of ram
breeding status is critical to avoid infertile
rams with associated loss in information
about ewe genetic merit. At Virginia Tech,
7-mo-old fall-born ram lambs did not show
the same problems in breeding that were
observed in ewe Jambs. In most years, a few
ram lambs were sexually inactive based on

serving capacity tests, but among males that
passed serving capacity and breeding
soundness exams, fertility did not differ
berween ram lambs and older males, albeit
at low ramiewe ratios of about 1:15.

Direct selection in males for reduced sca-
sonality, or for other reproductive traits that
may be associated with seasonalicy, is also
possible. Sheep breeds differ in cheir abili-
ty to elicit the ram effect, and individual
animal differences likely also exist.
However, very few studies have document-
ed effects of selection to improve male fer-
tility in sheep. Direct selection of males for
ferility in spring and summer matings is
generally not feasible becausc relatively few
males are actnally used in breeding,
Instead, some sort of screeniug procedure
such as the serving capacity tests described
by Perkins et al. {1992} must be used.
Selection of males could directly improve
breeding capacity of the male in spring and
summer {Perkins and Firzgerald, 1994) or
could result in correlated changes in female
traits associated with seasonality. Thus
when Haley et al. {1990} selected for rapid
early testicular growth relative to body size
in males, daughters of selected males were
observed to have an earlier date of onset of
the breeding season.

Requirements for data recording in annual
lambing programs are relatively straightfor-
ward, Breeding records must be maintained,
along with information on which ewes lamb
and their date of lambing to allow discrimi-
parion among ewes that famb to marings
during the challenge phase, the clean-up
phase, or not at all. Records on ewe dispos-
als or deaths are required to account for ani-
mals removed from the flock berween breed-
ing and lambing. The number of lambs
born should be recorded; ovulation rates are
normally reduced in spring matings, and
animals that produce multiple births may be
less seasonal than those that produce singles
(Al-Shorepy and Notter, 1996). Records of
birch weights are recommended; low birth
weights and associated increases in lamb
mormality in autumn lambs can occur in
some environments and have a significant
maternal genetic component (Al-Shorepy
and Notter, 1998). Other characteristics
(body weights, wool characteristics, erc.)
should be recorded as peeded to support
genetic improvement in other economically
important traits.

Most sheep recording programs permit, but
do not require, detailed recording of mating
and ewe disposal dates. The U.S, National
Sheep Improvement Program (NSIP)
encourages breeders to report complete
mating and ewe disposal information, but
many breeders focus on lambing rather
than mating records when reporting data.
Mating information on ewes that do not
lamb is often missing.

Genetic analysis of reproductive traits in
general and ferdility records in particular
presents 2 number of unique challenges.
Most reproductive traits are lowly heritable,
commonly 10% or less (Fogarty, 1995), but
have reasonably high levels of variation
which can support annual rates of improve-
ment of 1 to 2% per year. Records of
reproductive performance usually fall into
one of a few distinct categories {e.g., preg-
nant or not; produced one, two, or three
lambs; lambed during the challenge phase,
clean-up phase, or not at all) rather than
producing a continuous distribution of val-
ues characteristic of traits such as weaning
weighe or fiber diameter.

Categorical expression of performance
(Figure 5) complicates discrimination
among candidates for selection. The model
commonly used fot expression of categori-
cal traits assumes that animals in the flock
possess an underlying continuous distribu-
tion of lambing potentials. This underlying
distribution of potentials is translared to the
observed performance categories by invok-
ing a series of thresholds. In Figure 5a, the
5% of ewes with the highest lambing
potential have triplets, the 40% with the
lowest potential have singles, and the
remaining 55% have wwins. The location of
the thresholds is influenced by nongenetic
effects such as ewe age. Thus the ewe lambs
shown in Figure 5b have a similar distribu-
tion of lambing potentials to the adult ewes
in Figure 5a, but a different set of thresh-
olds, leading to different frequencies of
multiple births.

In Figure 5, each category contains animals
with substantial differences in underlying
lambing potential. Only rarely will the
number of replacements required corre-
spond exactly to the number of individuals
found in the most desired class(es). In

Figute 5, selection of replacement males

Sheep ¢ Goat Research Journal, Vol. 17, No. 3: 2002

23




from those botn as triplets would come
close to maximizing intensity of selection
for number born. But in choosing replace-
ment females, some twin lambs will be kept
while others will be rejected.

Comparison of animals in different age
groups is more difficult for categorical traits
than for continuously distributed traits. A
ewe lamb with twins is, on average, better
in rerms of underlying reproductive poten-
tial than an adult ewe with twins, but the
two groups overlap in term of underlying
reproducrive potential. Optimal solution
to the problem of predicting genetic merit
for these reproductive traits involves:

1. Application of relatively sophisticated
statistical methodology to directly
account for the categorical expression
of most reproductive traits and to
properly weight records made by ewes
of different ages or evaluated under
different conditions. These methods
are not widely accessible, although
they have been applied to genetic eval-
uation of calving difficulty in beef and
dairy catde.

2. Use of repeated records to increase the
number of categories and thereby
make it easier to discriminate among
candidates for selection. Thus, if the
data represented in Figure 5a were col-
lected over 2 yr, there would be six out-
come groups (single-single, single-
twin, single-triplet, win-twin, twin-
triplet, and triplet-triplet) making dis-
crimination easier, but still leaving the
problem of deciding if a twin-twin ora
triplet-single pattern is more desirable.
[Note that in Figure 5a, the triplet-sin-
gle pattern is slightly more desirable
based on mean value on the underlying
scale,]

3. Use of records of relatives to augment
individual records and thereby make
the distribution of records more con-
tinuous. This strategy is currently the
basis for genetic evaluarion in most
programs, including NSIP, and also
accounts for animals with different
numbers of records.

Results presented by Noter et al. {1998)
suggest that genetic improvement in spring
ferdlity can be achieved without use of
explicit categotical methodology, although
use of these methods should accelerate
generic improvement. Vincent et al.

{2000) also demonstrated that this selection
was successful in lengthening the breeding
season. Genetic evaluations for out-of-sea-
son fertility in a single annual breeding sea-
son would thus be relartively easy to incor-
porate into existing programs such as NSIR

Accelerated lambing.

Genetic improvement of reproductive per-
formance in accelerated lambing involves
maost of the issues discussed above for annu-
al, out-of-season lambing as well as an array
of additional issues involving the need for
ewes to rebreed quickly after weaning
lambs. Breeding seasons under accelerated
lambing are usually short, with animals that
do not become pregnant advancing to the
next breeding season within a few weeks
while animals that conceive go on to lamb
and then return to breeding at a later date.
Animals that do not breed in spring or
summer accumulate, with most eventually
conceiving at a late-summer of autumn
breeding that effectively represents the
"clean-up” matings of Figure 4.

Oppottunities to use ram effect in acceler-
ated systems are limited. In the STAR sys-
tem (Figure 6; Hogue et al., 1980), ewes go
into breeding 7 d after weaning their lambs
and breeding seasons are only 30 d long, so
ram effect must be generated by breeding
rams. Because ewes responding to ram
effect usually conceive 19 to 20 or 25 d
after ram introduction, early lambing in
accelerated systems requires that ewes be
cycling at the start of breeding. Notter
(1989} demonstrated that inrroduction of
vasecromized rams before weaning did not
advance the date of first estrus. Use of
vasectornized rams of a lowly seasonal,
high-libido breed such as the Finnsheep,
Romanov, or Barbados Blackbelly in the
breeding pastures might merit study. Care
would be required to avoid dominance of
the vasectomized ram over the intact breed-
ing ram.

Selection and management of replacemnent
fernales is particularly challenging in accel-
erated lambing. Ewe lambs born in
autumn are anticipated to be genetically
superior, but usually have very poor fertili-
ty in the next spring, and are unlikely to
lamb at 12 mo of age. In the system of
three lambings every 2 yr shown in Figure
7, autumn-born ewe lambs are unlikely to
conceive until Angust at 11 mo of age. In

contrast, most lambs born in January or
April should be able to mate at 7 mo and
lamb at 12 mo of age but, on average, are
not expected to be genetically superior for
out-of-season breeding. A solution to this
conundrum is to use prior Jambing records
of the dams to identfy superior spring-
born lambs. In Figure 7, ewes that lamb in
September are anticipated to next lamb in
Aptil. April-born daughrers of these ewes
can be retained and allowed to lamb for the
first time the next April, and are then antic-
ipated to be capable of good performance
in later, out-of-season matings.

Recording of performance in aceelerated
lambing is a challenge. Accurate recotds of
matings, lambings, and ewe deaths ot sales
are required to ensure that both successful
and unsuccessful matings are properly
recorded.  Descriptions of accelerated pro-
grams such as those in Figures 6 and 7 gen-
erally indicate thar all nonpregnant ewes are
to be placed with rams at each mating sea-
son. However, this recommendation is not
always followed; producers commonly
modify systems to meet specific manage-
ment and marketing goals. Thus in a sys-
tem like STAR, ewes that lamb very late in
one season may be judged to be unable to
breed in the next available season and not
exposed until a later season. Breeding of
ewes may also at times be deferred for a sea-
son to even out nimbers of lambs produced
at different times. These decisions can
cause ewes to fail to lamb on schedule, and
unless mating records are scrupulousty
maintained, can result in ewes being
impropetly penalized for not lambing. Use
of data from accelerated lambing in NSIP
will likely require records of the starting
and ending date of each mating period, of
the ewes placed with rams in each period,
and of all subsequent lambings.

Accurate ewe dispasal records are also need-
ed to ensure that ewes that die or are sold
after breeding but before lambing are not
entered into the dara as open ewes. While
such errors are not important to evaluation
of the ewe herself, under most genetic eval-
uarion systems, records of a ewe also impact
the generic evaluation of her relatives who
may still be in the flock.

More facrors influence performance in
accelerated lambing than in annual lamb-
ing, and care must be taken o recognize,
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and in some cases adjust for, these factors.
Since ewes are expected to rebreed shorely
after weaning lambs, factors associated with
the previons lactation may impact the ewes’
condirion and {or) physiological state of the
start at breeding, thereby influencing subse-
quent fertility. Many of these facrors are
themselves under partial genetic conurol
and may be influenced by selection to
enhance reproduction. Time of previous
lambing has important effects on current
fertillity. Thus ewes that did not lactate
immediately before entty iuto breeding
may be genetically inferior, since they
missed at least one previous lambing oppor-
tunity, but have had more time to recover
from their fast lactation, which is expected
to make them more likely to cycle and con-
ceive. Even among ewes that are being
rebred just after weaning, date of previous
lambing may influeuce subsequent per-
formance. Thus ewes that lamb late in one
season are less likely to conceive at their
next opportunity. Inidal poor performance
by such ewes thus places them in a situation
that is conducive to repeated poor perform-
ance. Procedutes to adjust for the non-
genetic portion of this relationship, while
not compromising genetic information,
still need to be developed.

Selection for rapid rebreeding porential
may have nepative correlated effects on
milk production because ewes thar give less
milk are anticipated to be in better condi-
tion at breeding. Similarly, ewes that can
produce twins and triplets in autumn may
be less seasonal than ewes that produce sin-
gles but the additional nursing stimulus of
multiple lambs may affect rebreeding and
subsequent ovulation rates. Genetic rela-
tionships involving these waits have not
been determined, but it will be important
in accelerated systems to evaluate ewes for
the full spectrum of performance traits.

DPerhaps the main complication to properly
analyzing data from accelerated Jambing
systems is that the ewes are not maintained
as a single contemporary group, Instead,
ewes have different breeding patterns over
time and these patterns depend on previous
petformance.  After each breeding, the
open ewes and the pregnant ewes follow
different paths and subsequently end up in
different breeding groups. Average genetic
merit is thus expected to differ among ewes

in different breeding groups. These differ-

ences should be accounted for in generic
evaluation bur this requires application of
relatively sophisticated methodology.

The issues of how to properly collect,
ad}ust, analyze, and report data from accel-
erated lambing systems have not yet been
adequately addressed. Lewis et al. (1998),
in an analysis of rhe Cornell University
STAR. Dorser flock, reported that age at
first lambing and the length of the fitst two
lambing intervals were heritable traits
which could be useful in genetic improve-
ment. But lengths of later lambing inter-
vals were not heritable, suggesting that
cumulative environmental effects progres-
sively complicated genetic evaluations in
older ewes. Incorporation of these traits
into NSIP was proposed (Notter, 1998) but
has not yet been accomplished. The alter-
native of imposing a categorical genetic
evaluation model to use results of all expo-
sures for each ewe is likewise being cousid-
ered but would require a substantial devel-
opment effort,

Molecular Approaches to
Reducing Seasonality

Use of molecular techniques to aid in iden-
tification of genetically superior individuals
is appealing for traits involved in seasonal
breeding. Direct selection for these traits is
difficult. As noted above, a challenge phase
of some sort is required 1o allow expression
of individual differences in performance
but, unless carefully managed and coupled
with an effective clean-up phase, may
reduce overall flock productivity and prof-
itability. In addition, seasonality is difficulc
to measure in large numbers of males, effec-
tively limiting expression of performance to
ewes; low fertility in ewe lambs postpones
evaluation of performance to the second
and subsequent lambing opportunities; and
heritability is low, even under the best of
conditions. Under conditions of low heri-
tability, with expression of the trait limited
to one sex and to relatively advanced ages,
the identification of DNA-based molecular
matkers would be advantageous, allowing
results of DNA testing of animals of both
sexes early in life to be used as a preliminary
criterion to identify genetically superior
individuals. Also, reliance on the challenge
phase to identify superior individuals might
be reduced, although probably not elimi-
nated.

Two broad options exist for use of molecu-
far information in genetic improvement of
seasonality. The first involves direct identi-
fication of genes that control seasonal
breeding and development of DNA tests to
identify favorable variants at these loci.
This approach has been taken for the dele-
terious Spider Lamb condition, and for the
Booroola Fecundity gene. Both arise from
murarions that can now be identified by
DNA tests {Cocketr et al., 1999; Wilson et
al,, 2001). The Invermay fecundity gene in
New Zealand Romney sheep (Galloway et
al., 2000} increases ovulation rate and
results from a mutation on the X chromo-
some. Recent studies by Pelleter er al.
(2000} and Noteer et al, 2002 suggest that
seasonality may be associated with genetic
variation in the melatouin receptor gene.

An alternarive strategy may be used when
the location of a gene influencing perform-
ance is not known. This approach involves
use of marker genes, bits of polymorphic
DNA which do not themselves influence
seasonality but which are known o be asso-
ciated with genes that do, through proxim-
ity to these genes on a chromosome.
However, marker geues normally differ
among breeds and families within breeds,
so reliable use of marker genes requires rel-
atively extensive genotyping of animals iu
each flock. Marker associations can also be
disrupted by recombination and thus must
be periodically reassessed. Genetic markers
have been identified for the callipyge gene
{(Berghmans et al., 2000}, but the acrual
mutation has not yet been identified.

The cost of using molecular data in selec-
tion is madest, but the cost of locaring
genes or establishing genetic marker associ-
ations is substantial, especially when a gene
of major effect is not already known to
exist. Large numbers of matings with
intensive evaluation of animals for traits of
interest are required to identify useful genes
or markers. Such investments have been
made by some swine and poultry breeding
companies but will be more difficult for the
smaller, less-organized 1.S. sheep industry.

Conclusions

Genetic differences in seasonal breeding
patterns clearly are present among and
within U.S. sheep breeds. Appropriate

Sheep & Goat Research Journal, Vol. 17, No. 3: 2002

25




choices among ewe breeds and crosses,
when coupled with careful management of
breeding rams and use of the ram effect,
can tesult in fertility levels of 50 to 70% in
most seasons. Selection within breeds can
furcher reduce seasonalicy but requires care-
Fully designed evaluation programs to accu-
rately identify superior individuals.
Collection of data for evaluation of season-
ality in industry programs such as NSIP is
possible but will require detailed reporting
of mating, lambing, and ewe disposal infor-
mation.
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Figure 2, Distribution of litter sizes for 50% Finnsheep, 50% Rambouillet
(top); 25% Finnsheep, 75% Rambouillet {center); and 50% Suffolk, 50%
Rambouillec (bottom) ewes lambing in January, April, or September (from
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Figure 5. An example of categorical expression of a reproductive trait {litter size). Adult ewes
and ewe lambs are assumed to have the same distribution of potential prolificacy on the hori-
zontal axis. Animals that exceed critical levels (thresholds) in underlying potentials produce
wwins or triplets whereas remaining ewes prodnce singles. Effects of ewe age on litter size are

produced by varying the location of the thresholds.
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Strategies for Genetic Improvement
of Carcass Value in Lambs

D.E Waldron

Texas Agricultural Experiment Station, Texas A&M University System, San Angelo, 76901.

Introduction

Improving carcass composition is one fac-
tor that can have an impact on lamb con-
sumption and demand (Ward, 1995;
Purcell, 1998). Increased size of cuts and
decreased fatness are two factors thar affect
consumer acceptability of lamb (Jeremiah
et al., 1993). The lamb producer that mar-
kets superior carcasses, with greater con-
sumer appeal, expects to realize financial
rewards from doing so. The expectation of
greater income received from marketing
superior lambs is motivation for producers
to develop a strategy to improve carcass
value through selection of genetically supe-
tior breeding stock. Using genetic selection
to change traits measured on carcasses is
different from many traits that can be
measured on lve animals because direct
measurements are not available on the ani-
mals to be used for breeding stock.
However, progress from selection on corre-
lated traits can yield substantial changes
over time.

The importance of increasing our knowl-
edge of lamb carcass composition has been
recognized for years. There were several
publications from US scientists in the
1960’ that addressed prediction of lamb
carcass composition, (Field et al., 1963;
Judge et al., 1966; Spurlock & Bradford,
1965) lamb carcass value, (Carpenter et al.,
1964; Carpenter et al., 1969; Cunningham
et al., 1967) and genetic selecton for
improvements in carcass traits (Botkin, et
al., 1969; Bradford, 1967). These US pub-
licarions were preceded by earlier work of
scientists in New Zealand {Barron and
Kirton, 1958; Kirton and Barton, 1962;
Kirton et al., 1962) and the UK {Bichard
and Yalcin, 1964; Bowman et al.,, 1968).

The 57th Annual Meeting of the American
Society of Animal Science, held in 1965,
included an invited presentation by Dr, G,
E. Bradford {1967) titled: "Genetic and
economic aspects of selecting for lamb car-
cass quality”. The wortking definition of
quality in this paper was "percent of lean
meat, especially in the preferred curts, and
having desirable eating quality." One of Dr.
Bradford’s conclusions was "... significant
genetic improvement in lamb carcass quali-
ty will depend upon the development of
reasonably accurate live animal measures of
carcass quality."

Considerable developments have occurred
in the technology available to measure body
composition in live animals. However, the
change in carcass composition of US lambs
has been Jimited. Although the technology
o measure body composition is available,
the financial incentive to make genetic
improvement in body compesition has not
been large enough to encourage breedets to
place much emphasis on carcass traits.
Therefore, the issue of genetic fmprove-
ment of carcass composition involves not
only genetics and measurement of body
composition, but also economics, Nsoso et
al. (1999) reviewed several aspects of selec-
tion for growth and carcass composition,
The purpose of this paper is to review issues
relevant to developing a strategy for US
famb producers to select for improved car-
cass value in lambs.

Determinants of Carcass
Value

There are several factors that determine car-
cass value: carcass weight, composition of
carcass (% lean, fat, and bone), pelt condi-
tion, animal health, etc. Carcass weight and

composition are influenced, in the short
term, by choice of feeding regimen, and, in
the long term, by choice of breeds and ani-
mals within breeds. In general, as weight
increases, animals get fatter. However, selec-
tion for animals that will produce a heavier
carcass while maintaining desirable compo-
sition can be accomplished with the use of
multiple-trait selection. The response to
selection for any one trait depends on the
extent to which the tait is under generic
control, the amount of variation, and the
accuracy of predicting genetic merit for the
trait from the available phenotypic meas-
urements. Response to selection for muld-
ple traits is also a function of the quantita-
tive relationship between the trairs.
Selection for carcass traits is hindered by
the fact that carcass measurements are not
available from animals that are candidates
for selection. Therefore, genetic merit of
the candidates for selection must be pre-
dicted from carcass measurements of relat-
ed animals, or from correlated traits that
can be measured on live animals.

Because of the differences in value of the
different cuts from a lamb carcass, increases
in proportion of lean in the higher value
cuts would lead to preater carcass value.
Breed differences, and within-breed genetic
variation, for distribution of lean rissue
within a carcass have been studied by Wolf
{1982). He reported heritability estimates
ranging from .15 w .46 for proportion of
toral carcass lean in specific cuts. However,
the coefficients of variation were generally
low when heritability estimates were high.
The difficalty in measuring fean tissue dis-
tribution in five animals and the cost of
measuring it on carcasses indicate that lean
tissue distribution is not likely ta be
changed by traditional quantitative genetic
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methods. The Callipyge gene reported in
US sheep in the 1990° (PFreking et al,
1998) does result in a desirable change in
tissue distcbution. However, undesirable
effects on meat quality/tenderness (Duckett
er al., 2000) have prevented widespread
industry acceptance and use of the
Callipyge gene. The substantial change in
the size of some muscles due to the
Callipyge gene has the potential to impact
the lamb industry. The effects of this single
gene, which can be realized in one genera-
tion, are greater than what could be pro-
duced by several generations of selection in
the absence of 2 major gene. While work is
being conducted to address the meat quali-
ty issue, the famb indusay should also pur-
sue other genetic means of improving car-
cass value.

The selection objectives of increasing car-
cass weight and improving carcass composi-
tion should be considered rogether because
an increase in carcass weight coupled with a
decline in compasition, or improved carcass
composition {greater % lean and lower %
far) coupled with a lower carcass weight
may not result in 2 net gain in carcass value.
Bradford & Spurlock (1972) concluded
that weight per day of age is the single best
selection criterion for increased lean meat
production per animal. This conclusion is
supported by high genetic correlaton est-
mares among live weight, carcass weight,
and lean or fat-free weight (Bennetr et al,,
1991; Waldron et al., 1992) from New
Zealand studies. Howevet, other selection
criteria can be used to aleer body composi-
tion while selecting for improved growth
rate. The correct balance between selecting
for more lean tissue and grearer growth rate
versus less fat tissne and improved carcass
composition should be detetmined as a
function of the relative economic value of
changes in these traits. The value-based
New Zealand lamb market has been shown
to financially reward heavier carcasses and
penalize fat carcasses (Waldron et al,,
1991}, It is amicipated that the US famb
market will become more value-based in
the future as advances in information tech-
nology allow for more carcass data being
used to assess value and communicate that
value to the producer through financial
incentives. Consumer’s preference for cuts
of lamb is affected by fatness (Jeremiah et
al., 1993} and even though the prices paid

to 1S producers do not indicate a strong

financial disincentive for overfat lambs,
continued production of overfat lambs may
lead to a further decrease in consumption
of lamb. Therefore, lamb producers and
sheep breeders who are making genetic
improvement in lamb growth and carcass
composition will be positioned ro realize
the rewards available in a value-based mar-
ket and they may help the sheep industry to
produce a superior product that will build
demand. ‘

How then should we select toward the goal
of increased growth rate and improved
composition?

Measurement of Compo-
sition on Live Animals

Substantial resources have gone into
research and development of methods of
prediction of lamb carcass composition
from live animal measurements over the last
35 yr. A goal of live animal measurement is
to predict carcass traits that are determi-
nants of carcass value.

Which method(s) of prediction will have an
impact depends on accuracy, cost, and
availability. The live-animal measurements
that have the greatest potental are: real-
time ultrasound {(RTUS), bioclectrical
impedance analysis (BIA), magpetic reso-
nance imaging (MRI), and x-ray computed
tomography (CT). A review by Stanford et
al. {1998) of published research on these
methods concluded that the relatively high-
er costs of MRI and CT will prohibit their
use on large numbers of animals. Because
genetic merit is evaluated from a combina-
tion of the animal’s own record and the
records of related animals, not having large
nnmbets of records on related animals is a
disadvantage for these two methods, even
though CT and MRI have advantages in
accuracy. Unless there are substandal
changes in the cost of CT and MRI, they
are unlikely to have an impact on the US
sheep industry. However, in countries
where genetic gain in carcass traits can be
spread to a larger population of lambs to be
staughtered, CT has been used for evaluat-
ing body composition in elite rams (Simm,
1992; Jopson et al., 1993}, Jopson et al.
{1997) estimated a positive return on
investment for using CT scanning on a
1400-ewe nucleus flock and rapidly dissem-

inating the improved genetics to a large
(100,000 ewes) commercial flock. Young et
al, {1999) have identified scanning posi-
tions that provide for accurate prediction of
carcass components using multiple scans.

Both, BIA and RTUS are less expensive and
more portable than CT and MRI and
therefore obtaining measurements on a
large number of animals is more feasible.
Bioelectrical impedance analysis uses the
difference in electrical properties of the dif-
ferent tissues in the body. Berg et al. (1998)
reviewed several studies where BIA meas-
urements were used along with carcass
weight to predict carcass composition,
Generally, the BIA information reduced
residual variation after carcass weight was
taken into account, but Slanger et al.
(1994) reported that using carcass weight
and 12th rib far was as usefil as carcass
weight and BIA information for predicting
toral weight of retail-ready cuts. Jenkins et
al. (1988) reported similar results, where
the predictive value of BIA informarion was
similar to that of a carcass fat depth meas-
urement. The use of BIA in live animals has
been evaluared by Slanger et al. (1994) who
reported lower precision when using BIA in
live lambs refative to carcasses, while the
resules of Berg and Marcheilo (1994)
showed live animal prediction equations o
have R2 values similar to the carcass equa-
tions. However, BIA does not provide
information about the distribution of lean
or fat within a carcass.

The cost of CT scanning in the analysis of
Jopson et al. (1997} was 90 dimes the cost
of RTUS scanning. Because of the lower
cost of RTUS scanning, and the availability
of portable RTUS machines, RTUS has the
greatest potential to impace selection prac-
tices for improved carcass value. The lower
cost of RTUS, compared to CT, must be
weighed against the lower accuracy. The
lower cost males it feasible to measure
more animals and collect repeated measures
on the same animal. The accuracy of meas-
urements obtained from RTUS images has
been reviewed by Houghton & Turlington
(1992) and was reported to be influenced
by the ultrasound equipment used and the
skill of the operator. The technology of the
equipment and quality of images available
has increased since the 1950s and therefore
not all research results are directly compara-
ble. In a summary of reports from 1977 to
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1989, Wilson et al. (1992) found that ultra-
sound fat measurements were more often
reported o be useful in predicting carcass
composition than ultrasound muscle meas-
urements. Genetic evaluations in beef cattle
have used measurements from carcasses and
ultrasound measurements. The trend seems
to be toward making more use of ulrra-
sound measurements because of the ability
to get measurements on more animals and
a broader range of animals (Wilson et al.,
2000). Therefore, the use of RTUS of live
lambs appears to have more potential to
impact selection practices for improving
carcass value than other methods.

Selection Objective

To increase carcass value at a given age of
famb, the weight of lean tissue {muscle)
should be increased and the weight of fat
tissue decreased. The relative emphasis of
these two components should be a function
of the relative economic values.
Historically, the US lamb matket has not
paid financial incentives for differences in
carcass composition. It is anticipated that as
the technology becomes more affordable to
record measutements on individual carcass-
es and use that information to calculate
returns to the producer, a value-based mas-
keting system for flamb will become 2 reali-
ty in the US. Therefore, breeders interested
in improving carcass value should consider
the relative economic values of the furure
when choosing a selection objective.
Because the future is uncerrain, conse-
quences to different selection strategies

should be evaluated.

Responses to Selection
Clarke et al. (1991) illustrated how the

responses to selection for improved carcass
value are influenced by the choice of rela-
tive economic values for increasing lean and
decreasing fat. They reported rhat selection
on live weight at a given age would result in
a greater increase in lean compared to fat.
Therefore, because lean would increase
more than fat, the result is an improvement
in percent lean. However, increasing
emphasis on selection agzinst fatness, by
including additional selection criteria, will
lead to greater improvements in carcass
composition, but will also result in smaller
gains in weight of lean tissue. The goals of
decreasing fat and increasing lean must

therefore be balanced. The balance can be
achieved by using other selection eriteria
along with live weight. Live weight at a
given age is an indicator of growth rate in
all three of the primary components of a
carcass: lean, fat and bone. Additional selec-
tion criteria should be chosen such that
they add predictive value for composition.
Traits that are positively correlated with one
component but independent of, or nega-
tively correlated with, the other compo-
nents can more cffecrively discriminate
between heavy lambs and heavy, lean
lambs.

The high correlation between live weight
and weight of lean is due to the part-whole
relationship between the traits. Live weight
is the single most important trait in select-
ing for improved carcass value. Live weight
is also easy and inexpensive to measure. In
order to be cffective in increasing carcass
value, additional selection criteria must
improve the accuracy of prediction of car-
cass components above that which can be
predicted by live weight alone. To be used
on a significant portion of the population,
the additional trait must be able to be meas-
ured inexpensively on a large number of
animals. The American Angus Association
has calculated genetic evaluations for car-
cass traits from carcass records of steers, A
second genetic evaluation for carcass traits
is calculated from RTUS measurements
primarily from heifers and bulls (Wilson et
al., 2000). It appears thar the evaluations
calculated from the RTUS are becoming
increasingly more valuable than the evalua-
tions calculated from the carcass data
because the benefit of using a much larger
number of records is greater than the loss
due to the [ower accuracy of RTUS meas-
urements relative to physical carcass meas-
urements. A single carcass measurement is
more valuable than a single RTUS meas-
urement. But, the most significant limita-
tion of carcass data is that it is only available
on a subset of the non-breeding animals.
Therefore, for genetic evaluadon of carcass
traits for a breed, RTUS appears ro have
more potential than carcass measurements.

Which Traits to Use in
Selection?

Partial genetic correlations with lean and far
were calculated for combinations of selec-
tion criteria (Waldron et al., 1992). The

results indicared that among the carcass
measurements evaluated, longissumus mus-
cle width was the most useful measure to
use along with carcass weight to select for
increased carcass value. However, measur-
ing longissumus muscle width accurately by
RTUS is difficult because the boundaries
between muscle and fat are parallel to the
sound waves and RTUS is more suited for
showing boundaries that are perpendicular
to the sound waves, Several external carcass
fat measurements showed to be useful selec-
tion criteria in selecting for increased car-
cass value. Fat depth over the longissurnus
muscle was the best external carcass fat
measuremnent in terms of selecting for
increased carcass Jean and decreased carcass
fat. Because the boundary between fat and
muscle for the measurement of far depth is
perpendicular to the sound waves, fat depth
can be measured more accurately than mus-
cle width. Therefore, RTUS measurement
of far depth appears to hold the most prom-
ise in improving carcass value. Because
RTUS-measured fat depth has strong posi-
tive genetic correlations with total carcass
far content (Waldron et al., 1992), leaner
carcasses are expected from selection on live
weight and RTUS fat depth. Selecring for
lower fat depth along with greater live
weighr is expecred to result in more lean tis-
sue and less fat tissue and thus, improved
composition (Waldron et al., 1992).

The study reported by Waldron et al.
{1992) did not evaluate RTUS muscle
measurements. The benefit of including
carcass muscle measurements after carcass
weight and far depth are taken into account
is small (Bennett, 1991). But, because the
marginal cost of obtaining an additienal
muscle measurement from a RTUS image
is small, it is sensible to use the information
in calculating genetic evaluations for carcass
value. Muscle depth is the muscle measure-
ment that is best suited to RTUS because
the boundaries of interest are perpendicular
to the sound waves. However, longissumus
muscle area and the product of muscle
depth and width measured on carcasses are
predicted to result in a greater response in
carcass value (Waldron et al., 1992). More
work is required with modern RTUS
equipment to determine the best RTUS
muscle measurement to use.

The relative emphasis to place on each of
the selection criteria, live weight, fat depth,
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and longissumus muscle area or depth,
should be chosen so that the expected
response in carcass value is maximized.
New Zealand lamb price schedules indicat-
ed thae the greatest economic response to
the producer called for a relative economic
value of 1.25 for increased weight of lean
when the value of fat was set ar -1
(Waldron et al., 1992). Greater emphasis
on increasing the weight of lean will lead to
heavier lambs, but not as much improve-
ment in composition. The survey reported
by Ward et al. (1995) indicared cthat
improving composition by decreasing fat
content is an imporeant factor in efforts to
increase lamb consumption. This indicates
that more emphasis should be placed on
improving compasition. The proper bal-
ance of selection pressute between increased
growth and improved composition depends
on customer preferences {consumer or
packer} and characteristics of the produc-
tion and marketing systems (Bennett,
1990}. A complete discussion of relative
economic values is beyond the scope of this

paper.

Application to US
Seedstock Industry

Although it is expecred thar financial incen-
tives for improved carcass value will be seen
in the US in the near future, selection on
carcass value only is not recommended for
all breeds. Greatet carcass value may be the
primary selection objective for breeds used
as terminal sires in crossbreeding programs.
However, reproductive rate and adaptabili-
ty to environmental conditions are impor-
tant craits for the ewe flock that produces
slaughter lambs. Dual-purpose breeds will
also need to consider the selection emphasis
placed on wool traits.

One factor that limits progress toward
selecting sheep fot improved carcass value is
the low level of performance recording.
Performance recording in other countries
and other species has been adopted when
an economic benefit was perceived. The US
lamb market has not provided enough eco-
nomic incentive to entice lamb producers
10 invest more in genetic improvement for
carcass traits {Purcell, 1998). If the US
lamb industry is to grow in the furure, it
must deliver a product to the consumer that
is more desirable. Unfortunately, the pres-

ent marketing system does not efficientdy
communicate  consumer  preferences
{(Williams & Davis, 1998) to those that are
generating breeding stock. Therefore, lamb
producers may need to make the first move
toward producing and marketing lambs
that meet consumer preferences, even if
they are not financially rewarded in the
short term. Improved communication from
the rerail consumer through the processor
to the producers and breeders would help
facilitate change toward larger, leaner car-
casses,
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Relationships Among Traits: Growth Rate, Mature Size,
Carcass Composition and Reproduction

Genetic variation in any one trair is often
associated with variation in other traits.
Thus successful selection for one perform-
ance trait may impact other traits affecting
efficiency of production. The correlated
changes may be favorable or unfavorable,
depending on the nature of the genetic rela-
tonships among the traits and the contri-
bution of each to production efficiency.

Size and carcass compesition.
Average carcass weight of federally inspect-
ed {ambs slaughtered in the US has
increased from 50 lb. in 1968 to 66 b, in
1998. The principal reason for this trend is
apparently packer demand. Tt costs litde
more to slaughter and process a lamb pro-
.ducing a 65 Ib. carcass than one producing
a 30 Ib. carcass, and thus the cost/lb. is Jess
for the heavier lamb. Heavier lambs are on
average fatter, and fatter Jambs in general
have a higher dressing percent. The latter is
an additional factor in packer preference for
heavier lambs.

This shift in carcass weight has important
ramifications for the sheep industry,
becausc of basic relationships among
growth rate, marure size, carcass composi-
tion and adaptability w production envi-
ronments.

Heavier carcasses can be obtained from
lambs of larger breeds, or by feeding ani-
mals of smaller breeds for a longer period
before slaughter, These two approaches will
lead to quite different carcass composition
and thus consumer acceptance of the prod-
uct.

The most important variable in carcass
composition is fat content, a trait with an
intetmediate optimum. Some far is neces-

G. E. Bradford
University of California, Davis

sary, for eating quality and for carcass firm-
ness and keeping/shipping quality, while
excessive fat reduces consumer acceptance
and is usually more expensive to produce.

The proportion of far in carcasses of con-
tinuously grown animals differs to some
extent berween breeds and sexes, but is
most influenced by degree of maturity, i. e.
percent of mature weight at slaughter. On
average, it is estimared that wether and ewe
lambs will have optimum finish (fatness) if
slaughtered at 70% to a maximum of 75%
of the mature weight of dry ewes (in good
condition, condition score 3.0 t0 3.5 ona 1
ro 5 scale) of their breed or cross. Sakul et
al. (1993) calculated equations for predice-
ing carcass fat depth and fat % from slaugh-
ter weight, using wether lamb data from
crosses of performance-selected
Rambouiller and Targhee sheep. Assuming
a mature ewe weight of 150 {bs. for such
sheep, the recommended lamb slaughter
weight would be 105 to 112 Ibs., yielding
carcasses with about 0.2 in. of backfar and
24-25% fat in the carcass, i. e. yield grade
2. If ewes of a 150 lb. breed are bred to
rarns of a breed with mature ewe weight of
200 lbs., average parental breed weighr will
be 175 Ibs., and estimated optimnm
slaughter weight would be 122 to 131 lbs.
If slaughtered at heavier weights, they are
likely, on average, to be overfat. Since the
mature weights used in these examples rep-
resent breeds towards the upper end of the
size of currendy available breeds, it is sug-
gested that lambs slaughtered at weighes
much above 130 Ibs., currently a common
practice, are likely to be fatter than desired
for optimum consumer acceptance.

Lambs fed to higher degrees of maturity

will also, on average, require more feed per

pound of gain. However, current low grain
prices minimize the economic impact of
this effect. Cheap corn has undoubtedly
contributed to the observed increase in
lamb slaughter weighs.

It should also be noted that variation in the
growth pattern of animals due to variation
in level of nutrition during the growing
period can affect carcass composition.
Lambs grown out relatively slowly for an
extended period will tend to be leaner at a
given weight than lambs which continuous-
ly grow rapidly, and thus some of the heav-
ier weight lambs currently being marketed
may have desired degtee of leanness at
weights above the guidelines indicared
above. The choice of such a system of pro-
duction js usually determined by seasonal
variation in cost or availability of feed. A
disadvantage of this means of producing
animals that are lean at heavy weights is
that periods of slow growth increase the
total feed required for a given amount of
meat produced, because of the longer main-
tenance period.

The relationship of degree of maturity to
carcass fatness of continuously grown ani-
mals indicates that producing heavier car-
casses by feeding lambs of small or interme-
diate sized breeds to heavier weights is not
a good option. In the experiment reported
by Sakul et al. (1993), carcasses from lambs .

sited by the smallest sire breed had the -
highest fat content when all lambs were -

slaughtered at the same range of weights.
Using breeds of larger mature size, if avail-
able, is a better approach, and one that
should be a long-term goal if the demand
for heavy carcasses persists, However, it is
the opinion of this author that current
slaughter weights preferred by US packers
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are wo high for the genetic potential of
most currently available breeds, and that a
reduction in average slaughter weight
would result in a product more appealing to
consumers, Also, there are other factors
related to effects of size on producdon effi-
ciency that need to be taken into account.

There is a strong genetic telationship
berween growth rate and mature size.
Animals from larger mature size breeds
grow more rapidly than those from smaller
breeds, or, stated alternatively, a genetic
increase in growth rate is almost invariably
accomnpanied by an increase in mature size
and therefore maintenance feed cost of the
breeding flock. For example, in a long term
selection experiment for increased 120-day
weight (Sakul et al. 1999; Bradford et al.,
1999), mature ewe weight increased more
{151b.} than 120-day weight (11ib.). It was
estimated in this case that the increased
feed cost of the larger ewes would be more
than paid for by the increased lamb weight.
However, ewe maintenance cost does need
to be taken into account in assessing the net
benefits of an increase in genetic potential
for growth rate and the accompanying
increase in slaughter weight.

Size and reproductive efficiency.

An assumption often made in comparing
breeds or individuals of different growth
potentials is that reproductive rates are the
same for animals of different sizes. This
may not be true. Nuterous observations
on natural populatons, and long term
selection for measures of growth rate or size
in laboratory animals, document that ani-
mals farther from the average for the species
are Jess "fic”, i. e. they have lower fertility or
viability and lower net production per
breeding animal. This applies to animals at
both the upper and lower end of size
ranges.

In sheep, estimates of genetic corrclarions
berween measures of growth rate or size and
traits such as fertility, prolificacy and lamb
livability are highly variable, and include
both positive and negative estimates with
an average not far from zero (Baker et al,,
1982; Fogarty, 1995; Al Shorepy and
Notter, 1996; Bromley et al. 2000, 2001).
Rao and Notter (2000) analysed NSIP data
on three breeds and concluded thar there
were NO Major antagonisms berween litter

size and weaning weight or post weaning
gain, Michels et al. (2000) concluded from
their review that "a clearcut relationship
berween lirter weight components and ewe
weight cannot be generalized but may vary
among differentially selected breeds and

lines within them".

Although the informarion on genetic corre-
lations from the scientific literature does
not provide conclusive evidence one way or
the orher, the belief thar there is a negative
relationship berween size and reproduction
persists (Shelcon, this issue). Closer exami-
nation of the correlations reported suggests
that the relationship berween size and pro-
lificacy {ovulation rate and litter size) may
be slightly positive (e. g. Rao and Notter,
2000}, while those for weight with fercility
and viability are slightly negative. However,
the variability and low mean values of these
estimates preclude firm conclusions.
Evidence supporting the postulated rela-
tionships comes from results of selection,
Lasslo et al. (1985) and Bradford et al.
(1999) reported that two lines selected for
weaning weight were consistently lower in
fertility and lamb livability than an unse-
lected control line or a line selected foe
multiple birchs, while litrer size increased
slightly in one of the weight lines and sub-
stantially in the other.

Additional evidence comes from analysis of
lifetime production of ewes of different
body weights. Shelton (1959) reported a
negative relationship between yearling ewe
weight and number of years in the breeding
flock. Not only did below average weight
ewes leave the flock earlier than average
ewes, bur the heaviest group left the flock
almost a year earlier than average weight
ewes. A similar pattern held for the rela-
tionship berween ewe size and liferime pro-
duction of pounds of lamb per ewe bred.
Some of these differences were probably
due to environmental effects on size, but
there is evidence, from 1 wide range of
species, of lower fitness of animals farther
from the mean in genetic potential for traits
such as size.

Differences in fitness tend to be accentuat-
ed in stressful environments, for example in
situacions where feed is scarce or of poor
quality part of the year, or the animals are
subjected to temperature extremes or seri-
ous disease or parasite challenges. Sheep in

many production environments unavoid-
ably experience one or more of such stress-
es. Lower reproductive efficiency of breeds
or strains with genetic potential for large
marture size are likely to be greatest in stress-
ful environmenss, and may be of much less
concern in favorable production situations,
This may contribute to the observed vari-
ability among estimates of genetic correla-
tions berween size and reproduction.

While increased growth potential and i
accompanying increased mature size may
be advantageous from the perspective of
desired carcass weight, it may result in
increased costs of production. For example,
fambs from one of two lines selected for
increased 120-day weight were significantly
leaner than those from an unselected con-
trol line when slaughtered at the same
weight (Brown et. al., 1987). However, as
noted earlier, both weight-selected lines
were lower in fertility and lamb viability
than either the unselected conurol or a line
selected for multiple births (Bradford et al.,
1999).

Because of the indications of a negarive
relationship between size and reproduction,
Shelton (this issue) has proposed that pro-
ducers use caution in selecting for increased
size in dam breeds and general purpose
breeds, in which reproductive fitness is crit-
ical, and emphasize selection for growth
rare only in terminal sire breeds. This will
certainly reduce the total impact of a nega-
tive association between fitness and repro-
duction, but the reproductive rate and gen-
eral fiess of terminal site breeds also
affects overall costs of production, through
three pathways.

First, net reproductive rate of the terminal
sire pure breeds affects cost of production
of the rams used for crossing. This cost is
spread over a potentially large number of
crossbred lambs for each ram, but is never-
theless an appreciable part of the cost of
each lamb. Secondly, the mating capacity,
fertility and longevity of the terminal sire
breed rams have an important impact on
sire cost per lamb. For example, rams from
one breed may settle only 25 ewes on aver-
age per breeding season, and may average
only 2.5 years of productive life in the
flock. Rams of another breed that is more
active, perhaps less seasonal in breeding
capacity, or inherently more fertile may set-
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tle 50 or more ewes per year, and breed sat-
isfactorily for an average of 4 years.
Differences will be greatest under extensive
range conditions, where the largest flocks
are found. Thirdly, viabilicy of crossbred
lambs may difter between sire breeds. These
factors combined can result in a 3- to 4-fold
difference in sire cost per crossbred lamb.

Currently in the US, the most commonly
used sire breed is the Suffolk, with the
closely related Hampshire second, and
crosses between the two also used as termi-
nal sires. This is because Suffolks have the
highest growth potential and largest mature
size of any sheep available; analysis of US
NSIP dara document their superior growth
potential compared to the two other most
widely tecorded breeds. From this perspec-
tive, they provide the best breed for pro-
ducing heavy, lean carcasses. However, this
breed is below average in viability of both
purebred (Cundiff et al,, 1982; Leymaster,
1991) and crossbred (Bradford et al., 1960;
Leymaster and Jenkins, 1993) lambs, The
lower prenatal survival of crossbred lambs
sired by this breed (Meyer, this issue) also
affects relative sire cost of each jamb mar-
keted. While it does not appear to be docu-
mented in the scientific literature, producer
reports indicate that rams of the breed have
a telatively short productive lifespan. The
lack of adaptation of ewes of the breed to
stressful conditions is widely recognized,
and they are generally not used as purebreds
for commercial lamb production undet
range conditions.

The shorter Hfespan typically observed for
terminal sire breed rams compared to those
of other breeds is probably due in part 0
the fact that the former are usnally raised on
a very high plane of nutcrition, a practice
known to shorten lifespan.

Whether the lower lamb and adult viabilicy
of the Suffolk breed is associated with their
exceptional genetic potential for growth, or
simply represents a breed difference inde-
pendeut of growth and size, cannor be stac-
ed with certainty.

Producing leaner lambs with desired eating
qualities should improve consumer accept-
ance of US lambs. In the short term,
achieving this goal will requite either
slaughrer of lambs at lower average weights
than at present, or increasing the genetic

potential growth rate/mature size of the
breeds used. The laeter will not only require
time to accomplish, but may increase costs
of production as a result of reduced net
reproductive rate. It therefore appears that
some reduction in slaughter weights would
benefit the US sheep industry. If the
demand for heavy, lean carcasses from effi-
ciently produced animals is to be met, an
important need of the sheep industry is ter-
minal sire breed(s} that combine rapid
growth/large mature size with good ram
and lamb livabilicy.

Meeting this need could be accomplished
by improving the fitness of existing sire
breeds, improving the growth potential of
higher fitness breeds, or developing new
breeds by crossing and subsequent selec-
tion. Given enough time, any of these
approaches should permit reaching the
desired goal, but the time required may be
one or more decades. Since growth rate has
a higher hetitabilicy than fertility and via-
bility, the second and third approaches
might take less time than the first.
However, attention would need to be paid
continuously to fitness, because of the sug-
gested relationship between growth rate
and fitness.

An approach that could produce nseful
results in a much shorter time is compari-
son of additional existing breeds (including
possibly new importations), composites or
ctosses, as terminal sires. The evaluations
should take into account cost of raising the
rams, length of service life and numbers of
ewes settled per ram, and numbers of lambs
marketed per ewe, i. c. sire cost per lamb
marketed, as well as growth rate and price
received for the lambs.
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Composite Trait Selection for
Improving Lamb Production

G. D. Snowder

USDA, ARS, U.S. Sheep Experiment Station, Dubois, ID 83423

Introduction

When the value of wool is fow, as at pres-
ent, there is a greater potential for increas-
ing both biological and economic efficiency
of sheep production through improvement
in mear production. It has been suggested
that biological and economic efficiency can
be increased more through genetic selecrion
for improved reproductive rate than in
growth rate or body composition (Fogarty
et al,, 1982). Reproductive rate is the most
important component of total litcer weight,
which is clearly the single most important
economic trait in American commercial
sheep production. Loss of the Wool
Incentive Program and lower wool prices in
recent years have increased the economic
importance of the rotal litter weight weaned
per ewe. Current farm prices for wool and
lamb indicate gross income from Jamb
exceeds that from wool by up to sixreen
fold for most commercial producers of
western white faced sheep. Hence, geneti-
cally increasing marketable litter weight per
ewe is one of the most important contribu-
tions generics can make to the economy of
the sheep industry.

Increases in litter weight weaned can be
made quickly through crossbreeding espe-
cially with prolific breeds. However, intro-
duction of new breeds, often exotic, can
result in unadapred genotypes with or with-
out other desirable characteristics. Also,
after crossbreeding has been thoronghly
exploited, the only recourse for continued
genetic progress is via selection for geneti-
cally superior individuals within breeds or
crosses. Ir is important, therefore, to deter-
mine the relative effectiveness of alternative
selection procedures for improving litter
weight weaned.

The trait, litter weight weaned, is a com-
posite trait affected by the expression of sev-
eral generically influenced traits. Variation
in these component traits contributes to the
phenotypic variation in the composite trait.
Litter weight weaned is a combination of
several different aspects of ewe reproduc-
tion (fertility, and lirter size), ewe viability
and offspring growth rate (morhering abil-
ity, milking performance, lamb survival,
lamb growth rate). Thns, it is a convenient
biological and economic measure of ewe
productivity (Martin and Smith, 1980;
Ercanbrack and Knight, 1985).

Long term selection for a composite trait
may (but not necessarily) improve each
individual component trait. Component
traits within a composite teait should notbe
expected to improve at the same rate
because they may differ in the genetic
parameters involved. However, selecting
for a composite trait should result in a bal-
ance among the component traits that pro-
duces an adapted animal, while selection
for an individual trait can result in a redue-
tion in adaprability. For example, selection
response for a non-composite trait such as
ovalation rate in sheep may be positive but
gains in ovulation rate can be offser by
decreased embryo survival {Bradford,
1985). Similarly, selection for increased fit-
ter size at birth may not be accompanied by
increased milking performance and lamb
growth rate. There may be limiting factors
associared with favorable major genes such
as the Booroola (FecB} allele which increas-
es ovine ovulation rare substandially. While
the FecB allele will increase litter size, there
are associated decreases in lamb survival
and weaning weight (Willingham and
Waldron, 2000).

Direct selection for the composite trait of
litter weight weaned in mice was three
times as effective as selection for litrer size
for increasing litter weight weaned
(Luxford and Beilharz, 1990). Long term
selection in Targhee sheep for individual
famb weaning weight, rather than total li--
ter weight weaned, resulted in decreases in
Jamb survival to weaning and ewe fertility
(Bradford ec al. 1999). From this last
study, it is obvious that single trait selection
for growth rate to weaning can improve
weaning weight but it does not necessarily
increase total lamb production per ewe.
Thus, litter weight weaned per ewe exposed
is the most appropriate composite trait to
be used in selection for increasing total
lamb production. The objective of this
review is to characterize the composite trait
litter weight weaned and its component
traits.

Review

Limitations to increasing litter weight weaned.
Breeders should be mindful thar genetic
change in animal production results in 2
biological change of the animal, often
requiring a corresponding change in nutri-
tional and management inputs. The upper
limits for genetic improvement of a trait are
generally determined by the nutritional and
management constraints within a produc-
tion system. In a selection study to increase
weaning weight in Targhee sheep in two
different environments (range vs irrigated
pasture-feedlor) genetic improvement was
significandy greater in the better environ-
ment (Lasslo et al., 1985).

Tn relation to litter weight weaned, consid-
er the extensive production situations iden-
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tified by Bradford (1983). An extensive
production system may have limited forage
avaifability with nucritional supplements
being scarce or uneconomical and limited
{abor ar lambing, Under a limited extensive
system, the goal for increasing litter weight
weaned may be restricted to production of
only one lamb per ewe with satisfactory
growth. However, under an improved
extensive production system with better
forage availability, especially in the early
spring and summer, the litter weight
weaned may be greatly improved with mul-
tiple births, increased milk production, and
improved lamb growth, Thus, it is impor-
tant for the sheep breeder to recognize envi-
ronmental potentials and limitations for
genetic improvement. In theory, selection
response for the composite trait litter
weight weaned under any production sys-
tern should result in an adapted and biolog-
ically balanced ewe because she has been
selected for her genetic potential to raise a
lamb(s) to weaning in that environment,
and the component traits of litter weight
weaned have changed appropriately for the
environmental conditions.

Selection Response for Litter Weight Weaned.
A significant selection study for litter
weight weaned was conducted at the U.S.
Sheep Experiment Station in the years1976
o 1988 (Ercanbrack and Knight, 1998},
Selection occurred under western range
conditions that included shed-lambing,
spring grazing of sagebrush-grass-forb pas-
tures, and summer grazing of mountain
range at elevations of 2,000 to 2,900
meters. Selection lines were established in
four breeds of sheep {Rambouillet, Targhee,
Columbia, and Polypay). Ewes were select-
ed on their lifetime average litter weight
weaned and rams were selected on the basis
of their dam’s record for this trait.
Response was positive during the 12 years
(1976 - 1988) of selection. Non-selected
tandom bred Rambouillet and Targhee
contro} lines were maintained during the
study; the average of thesc two lines was
used for estimaring environmental trends.
Tables 1 and 2 indicate the phenotypic and
genetic responses, respectively, for repro-
duction and body weight,

Phenotypic trends (Table 1 and Figure 1)
were positive for reproductive traits and
body weight. Modest increases in pheno-

typic trends in the control lines indicate
improvements in management andf{or)
environment over the time period. Genetic
improvement (Table 2) was generally posi-
tive for all traits. Genetic improvement for
litrer weight weaned averaged 0.69 kg per
year. For a flock of 100 ewes this represents
an annual increase in marketable lamb of
69 kg. Over a 12 year period, selection for
litter weight weaned resulted in a genetic
improvement of 8.28 kgfewe. The eco-
nomic consequences of selecting for litter
weight weaned during this period was a
toral annual increase in gross value of pro-
duction per ewe of $21.51 for phenotypic
improvement, which reflects the effects of
environmental improvement, and $11.40
of which could be ateributed directly to
genetic gains through selection for litter
weight weaned (Ercanbrack and Knight,
1998). :

Selection responses for litter weight weaned
in all four breeds in this study were positive
and significant. However, breed differences
in response to selection for litter weight
weaned were observed (Ercanbrack and
Knight, 1998). Improvements for repro-
ductive traits were less in the Polypay than
in the other breeds despite its outstanding
superior means for litter weight weaned.
The rate of response to sclection in the
Polypay was negligible during the early
years of the experiment but increased after
1984 (Figure 1). At the beginning of this
selection study in 1976, the Polypay breed
was a newly created breed and several F2
and F3 generation ewes were still present in
the flock. The delayed response to selection
for lirter weight weaned in carly generations
was examined by Snowder et al. {1996)
who reported that at least three generations
were necessary to overcome the loss of
reproductive performance due to decreased
heterosis and recombination loss. Thus,
response may be lower in the early years of
selection in a newly created composite.

Breed differences for litter weight weaned
clearly exist. Shrestha et al. {1992) charac-
terized litter weight weaned in five pure-
bred and two crossbred Canadian breeds
under intensive management SySTEmS.
Litter weight weaned at 91-d postpartum
ranged from 47 w0 67 kg. The Rideau
breed weaned the heaviest litters and the
lightest litters were weaned in the Suffolk

breed. Although the Finnsheep breed had
the highest level of prolificacy (219%),
average litter weight weaned (53 kg) was
less because lamb growth rates to weaning
wete lower than for the other breeds.
Because of the significant economic differ-
ences among breeds for litter weight
weaned, individuals entering the commer-
clal sheep production industry should con-
sider breed differences for litter weight
weaned when sefecting a breed.

Breed specific heritability estimates for lit-
ter weight weaned per ewe exposed are low.
Martin et al. (1981} reported heritability
estimates for litter weight weaned for dif-
ferent ages at weaning in a composite breed
in Scotland {0.07 at 4 wk, 0.10 at § wk,
and 0.14 ar 12 wk). Heritability estimates
for litter weight weaned for four US breeds
at 120-d postpartum varied (Rambouillet,
0.11; Targhee, 0.08; Columbia, 0.02; and
Polypay, 0.00; Bromley et al., 2001). Low
heritability estimares for a complex trait
such as litter weight weaned are expected
because the trait is subjected te numerous
environmental influences from breeding to
weaning, The repeatability for litter weight
weaned at 120-d postpartum in four breeds
ranged from 0.10 to 0.16 suggesting signif-
icant temporary environmental influences
on this trait (Bromley et al., 2001).
Although the heritability for litter weight
weaned is low, the genetic improvement
observed in the flocks at the U.S. Sheep
Experiment Station indicates the trait
responds positively to selection and at a
level of economic significance (Ercanbrack

and Knight, 1998).

The reason for the positive selection
response of this low heritability trait can be
explained by examining the threc factors
influencing selection response: heritability,
selection differential and phenotypic varia-
tion. The product of these three factors
determines selection response. Response to
selection for low heritability traits can be
significant if the trait has a large phenotyp-
ic variation and{or) the selection differen-
tial is large. The phenotypic variation for
litter weight weaned is large. The coeffi-
cient of variation is a statistical value (stan-
dard deviation divided by the mean) used
to compare variation among different traits,
The coefficient of variation for litter weight
weaned at rhe U.S. Sheep Experiment
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Station is approximately 50% (Bromley et
al., 2001). The coefficients of variation are
lower for fertility (35%), prolificacy {(36%),
weaning weight (19%), and grease fleece
weight (23%) in the same population
{Bromley et al., 2000). Consequently, the
selection response for liter weight weaned
can be significant even with a low heritabil-
ity. More importantly, the greater econom-
ic value for each unit increase in Frrer
weight weaned justifies selection for this

trait (Ercanbrack and Knight, 1998).

As previously discussed, selection for a
component trait of litter weight weaned
may or may not result in a favorable corre-
lated response in litter weight weaned.
After 30 yr of selection for 120-d weaning
weight in Targhee sheep in California, total
phenotypic improvement of litter weight
weaned was 6.5 to 7.1 kg but less when
selection emphasized muldple births (4.5
kg; Bradford et al., 1999), while direct
selection for 120-d licter weight weaned in
four breeds in Idaho had an average pheno-
typic improvement of 15.8 kg in only 12 yr
(Ercanbrack and Knighr, 1998).

Improving selection response for livter weight
weaned, Because litter weight weaned is a
sex-limited crait with a low heritability, the
accuracy of selection can be improved by
considering more information on breeding
individuals. This can include records on
relatives and multiple observations on a sin-
gle individual. Martin and Smith (1980)
reparted that by adding records on the dam
and paternal half sibs to those of the ewe
increases the rate of genetic response by 10
to 50% for licter weight in sheep. The
genetic analyses used in the National Sheep
Improvement Program utilize modern sta-
tistical approaches that could optimize
selection response for litter weight weaned.
Anaother approach to enhance selection
response for low heritability craits is to
increase the selection differential by maxi-
mizing the number of offspring from high
performing ewes with multiple ovulation
and embryo transfer in a nucleus breeding

scheme (Teepker and Smith, 1990).

A potential difficulty in selecting for litrer
weight weaned is the level of record keeping
necessary to optimize selection. This
requires proper identification of pedigree
telationships and weighing of lambs ar

weaning, This is not possible in most com-
mercial production systems. However,
commercial producers may be able to iden-
tify and select rams from ewes that have a
history of weaning heavy multiple birch
lambs. Another alternative would be to
purchase purebred rams with high breeding
values for litrer weight weaned as feported
by the National Sheep Improvement
Program.

Although the purpose of this review is to
discuss the advantages of using selection o
improve the litter weight weaned per ewe,
crossbreeding can be an effective breeding
tool and should also be considered. It is
well established that crossbred ewes exhibit
heterosis for ferdlity and prolificacy rates
which contribute to litter weight weaned.
However, no studies on crossbred ewes were
found which directly report litter weight
weaned. Another consideration would be
the production of terminal crossbred lambs
that are known to exhibit heterosis for lamb
survival and pre- and post-weaning growth
(Mavrogenis and Louca, 1979; Malik et al,,
1980; Sheridan, 1981; Young et al., 1986).
Crossbreeding does not result in permanent
genetic improvement in litter weight
weaned unless direct selection for retained
heterosis is practiced following crossbreed-
ing.

Maternal gencetic effects on litter weight weaned,
Marernal behavior or marternal genetic
effects have long been known to influence
the pre-weaning growth of their offspring.
Improvement of maternal behavior should
be associated with an increase in lirter
weight weaned. Alexander (1988) in a
teview of maternal behavior described how
maternal effects influence lamb survival
and growth as observed in the dam’s nest-
ing, parturition, grooming of the newborn,
suckling behavior, bonding, spatial associa-
tion with the offspring, defensc against
predators, and care of muitiple births.

The maternal genetic component of a trait
is described by the estimate of maternal
heritability. The 40-d weaning weight of
crossbred Romanov lambs has an estimated
0.25 maternal heritability (Maria et al,,
1993). Maternal genetic effects on lamb
growth rates tend to diminish with increas-
ing age of the lamb as evidenced with
decreasing maternal heritabilities from

birth to increasing weaning age (0.22 to
0.01, Maria et al.,1993; 0.30 w 0.07,
Nasholm and Danell, 1996). Some nega-
tive genetic correlations between maternal
and additive effects for weaning weight
have been reported but these varied greatly
with the statistical models used in their pre-
diction (Burfening and Kiress, 1993}.

The correlation between additive genetic
and maternal effects for weaning weight can
be large (r; = 0.76, Nasholm and Danell,
1996). Also, the correlation berween the
additive genetic effect for rate of gain from
birth to 120-d weaning with the maternal
effect for litter size at weaning can be sig-
nificant in some breeds (; = 0.51 for
Columbia, r; = 0.95 for Rambouillet, and r;
= 0.36 for Targhee; Bromley et al., 2000)
but not all (r, = 0.03 for Polypay}.
Therefore, increases in lamb weaning
weight and total firter weight weaned may
be associated with genetic improvements in
maternal behavior.

The positive relationship of maternal
behavior and litter weight weaned has also
been observed in mice selection srudies.
Postnatal maternal performance in mice did
improve significantly when lines were
selected solely on litter weight weaned
(Wilkinson,1986). Selection only for litter
size at birth in mice was not accompanied
by improvement of postnatal maternal per-
formance, resulting in a negative estimated
phenotypic relationship between numbers
born and mouse pup weaning weight

(Luxford and Bielharz, 1990).

Contribution of component traits to [itter
weight weaned. Ercanbrack and Knight
{1998) estimated the average annual rela-
tive contributions of component traits to
genetic change in litter weight weaned aver
12 yr for four breeds (Table 3). They fonnd
that 37% of the genetic improvement in lit-
ter weight weaned was attributed o prolifi-
cacy, 27% to number of lambs weaned,
17% to Jamb weaning weight, 12% to fer-
tlityy, and 7% to ewe viability
Improvements in these traits occurred
simultancously during selection for litter
weight weaned, both phenotypically (Table
1) and genetically (Table 2). These approx-
imations of component relative contribu-
tions have also been confirmed by other
studies of the biological differences berween
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the Targhee line selected for ficter weight
weaned and the Targhee non-selected ran-
domly bred control line at the U.S. Sheep
Experiment Station. Improvement in litter
weight weaned occurred through at least
three biological events: 1) increased ovula-
tion rate and number of live Jambs born
{Stellflug et al., 1994}, 2} heavier lamb
weaning weights (Head et al,, 1995), and 3)
increased pregnancy rate in ewe lambs
(Westman, 1993).

Correlated and bivlogical changes in sheep
selected  for  lirter  weight weaned,
Comparative studies of Targhees selected
for litter weight weaned compared to a ran-
dom bred control line have identified sig-
nificant biological differences (Head et al.,
1995, 1996a, 1996b). As previously
described, Ercanbrack and Kaight (1998)
reported increases in fertility, prolificacy,
number of lambs weaned, and lamb growth
in sheep selected for liter weight weaned
compared to control lines. In the selected
line, daily milk production increased 13%
and lamb weaning weights increased 7%
compared to the control line (Head et al,,
1995). Similar increases in milk produc-
tion {10%, Pattie and Trimmer, 1964;
12%, Hinch et al., 1989) were observed
when selecting Merino sheep for increased
individual lamb weaning weights. Brown
er al. (1987}, reported increases in peak
milk yield of 10 and 29% in two lines of
Targhees selected for individual weaning
weight. Increases in milk production from
the Targhee selected lines at the U. 8. Sheep
Exyperiment Station were associated with
higher concentrations of growth hormone
than control ewes {Head et al., 1996a).
The major functions of growth hormone
are increased lipolysis, diabetogenesis, pro-
tein accretion, botie growth, gluconeogene-
sis, mammogenesis and galactopoiesis
(Bauman and McCrutcheon, 1986).
Therefore, the higher growth hormone
concentration in the selected line infers the
potential presence of other biological differ-
ences yet to be identified.

Lamb survival rates may also increase as a
resule of selecting for litter weight weaned.
Litter weight weaned is moderately geneti-
cally correlated with neonatal survival rate
{r; = 0.49) but this correlation is large for
postnatal survival to weaning at 42 d post-
partum {r, = 0.91; Fogarty et al., 1982).

Twin lambs from a Targhee line selected for
litter weight weaned had faster growth rates
to weaning when compared to twin lambs
from a conuol line {Head et al., 1995).
The faster growth rates of the lambs from
the lirrer weight weaned selection line were
partially ateributed to higher milk con-
sumption and increased levels of dry matter
intake (forage). However, post-weaning
performance for gain, feed intake and car-
cass characreristics were similar among
lambs from selected and control lines
(Head et al., 1996b). The effects of selec-
tion for litter weight weaned do not appear
to influence post-weaning gain or carcass
characteristics. Similar observations were
made in Australian Merino sheep selected
for high and low weaning weight where
selection had no effect on mature muscle-
weight distribution (Perry et al., 1988) or
adipose volume (Thompson et al., 1988).

Selection for litter weight weaned should
also increase ewe fertility. The genetic cor-
relation between litter weight weaned and
ewe fercility is positive and large (rg = 0.58;
Fogarty et al., 1982). Genetic improvement
in licter weight weaned was associated with
genetic improvement in ewe fertility rates
{Ercanbrack and Knight, 1998). Ewe lamb
fertility in the Targhee lines selected for lit-
ter weight weaned was 40% (21 percentage
units} higher compared to the control line
(Hatfield and Steliflug, 1996}. It is not
known if selection for litter weight weaned
will decrease the age at puberty. Selection
solely for fitter size in Targhee sheep did not
decrease age at puberry (Li et al,, 1992).

Marure size should be expected to increase
with selection for increased lambing per-
formance. Genetic correlations between
ewe body weight and lamb weaning weight
are positive (Shelton and Menzies, 1968;
Stobart et al.,1987; Nasholm and Danell,
1996). Large genetic corrclations between
ewe mature size and lamb weaning weight
(re = 0.85, Nasholm and Danell, 1996) or
toral fitter weight (r, = 0.58 to 0.88, Martin
et al,, 1981) have been reported.

In the selecrion study of Ercanbrack and
Knight (1998), they obscrved phenotypic
and genetic increases for ewe mature size in
all breeds selected for litter weight weaned
(Table 1 and 2). This positive correlated
response infers selection favored larger ewes

more adapted to the nutritional environ-
ment under which they were selected. A
positive relationship between litter weight
weaned and body weight was also reported
in mice {Luxford and Beilharz, 1990).
Mature ewes selected for litrer weight
weaned were heavier at breeding and dur-
ing lactation than control ewes. This was
also observed for the body weights of select-
ed ewe lambs which were 4.5 kg or 14%
heavier at breeding than control ewe lambs.
This increase in body weight does not
appear to be related to forage intake
expressed as a percent of body weight
because this did not differ between Targhee
selected and contro} lines (Head et al.,

1995},

Increasing mature body size may have some
disadvantages. Although increases in body
weight that occur during selection for
increased litter weight weaned may be relat-
ed to adaptability to a production system,
ewes of larger mature size will have greater
requirements for nutrients and therefore, be
more sensitive to environmental factors
affecting nucrition such as drought or
increased feed costs. Larger ewes are also
harder to handle at shearing and lambing,

Increasing litter weight weaned will affect
wool production. Pregnancy and lactation
have a negative phenotypic effect on wool
growth (Corbert, 1979; Shelton, 1998).
Increases in litter size and lactation will pos-
itively affect litter weight weaned. Twin
pregnancies reduce grease flecce weighe by
4% compared to a single Jamb pregnancy
(Ray and Sidwell, 1964) and suckling of
twins for 20 wk reduces grease fleece weight
by 5 - 8% compared to suckling single
lambs (Corbett, 1979). The general cause
for the negative phenotypic relarionship
between lamb and wool production has
been attributed to competition for nuuri-
ents (Shelton, 1998). The genetic correla-
tion between wool and reproduction tend
to be small and negadve (Fogarty, 1984).
However, these values range from negative
to significant positive values (Shelton,
1998). Significant negative genetic correla-
tions between reproduction and wool,
ranging from -0.25 to -0.78, have been
associated with environments limiting in
teed resources and variation in age of ewe at
lambing (Shelton, 1998}. In more favorable
environments, the genetic correlation may
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be negligible. Ercanbrack and Knighe
(1998) reported negligible changes in wool
production (grease fleece weight and wool
grade) afier 12 yr of selection for livter
weight weaned. Also, the genctic correla-
tions of litter weight weaned with wool
traits in this same flock were low {r; = -0.07
for flecce weight, r; = 0.02 for fleece grade
score, and r; =0.03 for staple length;
Bromley et al., 2001). Other studies have
reported small negative genetic correlations
berween the number of lambs weaned and
grease fleece weight, approximately -0.30
(Shelton and Menzies, 1968; Snowder and
Shelton, 1988). The effect of selection on
litter weight weaned should have little
effect on wool production,

Conclusions

Increasing profitability of a sheep enterprise
can be accomplished by several means
including genetic improvement of the
breeding stock. When selection is practiced
to increase profitability, it must focus on
the most economically important trait for
that production system. Typically, many
commercial sheep producers sell lambs by
their live weight shortly after weaning; thus,
licter weight weaned is the most important
economic trait. Direct selection for litter
weight weaned will result in significant
genctic improvement in most breeds.
During selection, component traits con-
tributing to litter weight weaned should
favorably respond, with an appropriate bal-

ance among components.

Indirect selection for litrer weight weaned
by selecting for a component trait such as
litter size born or lamb weaning weight will
increase fitter weight weaned but at a slow-
er rate compared to direct selection. Also,
component trait selection may not be
accompanied with improvements in all
other component traits related to litter
weight weaned; therefore, indirect selection
response for litter weight weaned is expect-
ed to be less.

It should be noted that the conclusion of
relative effectiveness of selection for litter
weight or for its components is based on
the results of two experiments using each
approach. These two experiments were car-
ried out with different stocks and under
quire different feeding, management and

environmental conditions (Idaho s
California). While the general conclusion
on the advantages of selecting for total litter
weight seems clear, the limited number of
selection experiments infers thar the expect-
ed magnitude of the difference in response
to direct selection for litter weight com-
pared to selection for a component trait is
not well estimated. '

Implications

Litrer weight weaned is the most economi-
cally important trait in most lamb produc-
tion systems in the USA at the present time.
Selection for litter weight weaned may
resuft in increase profitability when the
environment and management system
favor increased reproductive efficiency. It is
possible to achieve genetic improvement for
litter weight weaned per ewe exposed in
excess of 0.5 kg annually. At present market
values for feeder lambs, this results in an
annual increase of over $1.00 per ewe.
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Table 1. Linear regression coefficients (annual rates of phenotypic improvement) for reproductive traits and body weight

Fertiliry, Prolificacy, Born Lambs Ewe Body  Net raeb,  Liteer we
Breed/Line % % live, % weaned, % viability®, %  weight, kg % weaned®, kg
Rambouillet 84 2.54 .00 .36 27 .82 277 1.24
Targhee 1.49 1.84 .65 .33 15 51 3.68 1.38
Columbia 1.81 1.84 41 1.17 25 82 4.08 1.73
Polypay 46 1.16 .00 45 20 1.03 2.19 1.10
Controld 92 41 26 18 07 27 1.37 67

2 Ewe viability = percent ewes alive at lambing per ewe into breeding
Net rate = net reproductive rate, lambs weaned per ewes into breeding

€ Litter weight weaned = total licter weight of lambs weaned (120 d) per ewe into breeding
Control is average of non-selected randomly bred Rambouillet and Targhee lines

Source: Ercanbrack and Knight, 1998,

Table 2, Annual generic improvement® among lines selected for litter weight weaned.

Fertility, Prolificacy, Born Lambs Ewe Body Net Licter wt
Breed % % live, % weaned, % viabﬂityb, % weight, kg rate®, % weanedd, kg
Rambouiller .00 2.14 -29 .18 20 .55 1.40 57
Targhee 57 1.43 39 35 08 24 231 71
Columbia .89 1.43 15 99 .18 .56 2.71 1.06
Polypay -46 75 -26 27 .13 77 .82 43
2 Genetic improvement estimated by the difference in regression coefficients between selected and controf lines.

Ewe viability = percent ewes alive at lambing per ewe into breeding
€ Net rate = net reproductive rate, lambs weaned per ewes into breeding

Litter weight weaned = total litter weight of lambs weaned (120 d) per ewe into breeding
Source: Ercanbrack and Knight, 1998.
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‘Table 3. Estimated percentage contribution
of component traits for genetic improve-

ment in fitter weight weaned

Component trait Percentége
Bertility 12
Prolificacy 37
Percentage lambs weaned 27
Lamb weaning weight 17
Ewe viability 7

Source: Ercanbrack and Knight, 1998.

—<— Rambouillet —— Targhee —= Colummbia

—<— Polypay —&— Control

6 5 4 3 2 -1 0 1 2 3 4 5 6
Years

Figure 1. Breed direct response to selection for litter weight weaned expressed as a devia-
tion from the median year (1976 - 1988). Control populations were non-selected ran-
domly bred Rambouiller and Targhee ewes,
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Fundamental Aspects of Crossbreeding of Sheep:
Use of Breed Diversity to Improve
Efficiency of Meat Production

K. A. Leymaster

USDA, ARS, U.S. Meat Animal Research Center, Clay Center, NE 68933-0166

Introduction

The sheep industry competes against beef,
potk, poultry, and fish for food dollars of
consumers who have many choices of high-
quality meats. To compete effectively, the
industry needs to produce uniform, nutri-
tious, lean lamb that sadsfies the cating
preferences of consumers and to improve
reproductive efficiency and reduce labor
requirements so that seedstock and com-
mercial flocks are both practical and prof-
itable under a range of production environ-
ments. Alrhough this situation indeed rep-
resents a difficult challenge, sheep produc-
ers have an invaluable resource to make
necessary changes - a wealth of biodiversity
represented by numerous breeds. Breeds of
sheep have evolved over many thousands of
years, their utility and function guided by
their ability to adapt and survive in specific
environments and production systems.
Following domestication, further diversifi-
cation among breeds has stemmed from
selection by man for numerous characteris-
tes, for example, appearance, color, size,
shape, or wool production. Consequently,
breeds of sheep differ markedly in adape-
ability to different environments and in lev-
els of performance for traits that influence
efficiency of production and product quali-
ty. Characieristics of each breed have a
genetic basis and can therefore be exploited
in structured crossbreeding  systems
designed for specific production-marketing
situarions. The purpose of this manuscript
is to provide guidelines to improve efficien-
oy of meat production through the appro-
priate use of breeds in crossbreeding sys-
tems.

Breed Diversity

There are currently more than 50 recog-
nized breeds of sheep in the U.S. Over the
past 20 years, several breeds or strains have
been imported from other countries due o
specific characteristics. ~ Fot example,
Booroola Merino and Romanov were
imported primarily for reproductive issues,
Texel for carcass craits, FEast Friesian for
milk production, and Dorper for easy-care
attribures. It is likely that additional breeds
will be imported in the future.

For any trait affecting efficiency of meat
production, thete is uscful genetic variation
among breeds. A good example is lambing
rate, the number of lambs born per ewe
lambing. Average lambing rates of breeds
vary more than twofold, from perhaps 1.6
for marure Rambouillet ewes to about 3.7
for mature Romanov ewes. This vatiation
does not imply that one breed is “better”
than the other. The value of breed diversi-
ty is that producers can idendfy and use a
breed or breeds that perform at a level con-
sistent with marketing goals and with pro-
duction resources such as feed availability,
labor, faciliries, and managerial skills.
Therefore, flocks of Rambouillet ewes are
common in arid regions of the U.S., where-
as purebred or crossbred Romanov flocks
exist in areas with greater feed resources.

Breed diversicy is even greater if one con-
siders several traits at once rather than a sin-
gle trait. A breed that excels for daily gain
and carcass traits may be less adaptable to
harsh environments. Or, a breed that is
parasite tolerant and has extended seasonal-
ity may not produce lean carcasses ar typi-
cal market weights. Examples of breeds and
traits are given in Table 1 to emphasize this

very importanc characteristic of breed
diversity. These specific four breeds were
chosen because of their widespread use and
to represent broad ranges in performance
levels for key traits affecting efficiency of
meat production. More comprehensive
information on breeds and traits is provid-
ed in the Sheep Production Handbook.
Ideally, the relative performance of breeds
should be determined from objective, unbi-
ased results of experiments done under rel-
evant environments at state and federal
research institutions. In pracrice, compara-
tive information is limjted and decisions
about breed usage are often based on tradi-
tion and empirical evidence.

One can consider a breed as a package of
genetic effects that influence many traits
affecting efficiency of meat production.
Often breeds have similar levels of perform-
ance for certain traits but differ for others,
whereas some breeds may differ for most
traits. The Finnsheep package is very dif-
ferent from Rambouiller (Table 1). When
a producer selects a given breed to use, the
total package of genetic effects on all traits
is chosen collectively. One occasionally
hears that breeds were combined to create a
crossbred sheep that has only the desirable
characteristics of each breed, avoiding the
less attractive characteristics. This notion is
nat valid. One can’t select and use only the
specific favorable genetic effects of each
breed, such as extended breeding season of
Dorset, lambing rate of Finnsheep, hardi-
ness of Rambouillet, and growth of Suffolk.
Because each breed has relative strengths
and weaknesses across traits, no single breed
excels for all relevant traits. Therein lies the
basis for strategic use of breeds in struc-
tured crossbreeding systems.
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Sheep breeds can be classified in many dif-
ferent ways, for example, fineness of wool is
a common method. Because this manu-
script addresses use of breeds for mear pro-
duction, breeds will be dlassified based on
roles in crossbreeding systems, that is, as
general purpose breeds, specialized dam
breeds, and specialized sire breeds. Key
traits used for classification purposes
include adaptability, longevity, seasonality,
age at puberty, lambing rate, mothering
ability, lamb survival, leanness, and mawre
weight. There is disagreement on classifica-
tion of some breeds, partly because com-
prehensive comparative results are limited,
and the following assignment to a particu-
far class should be considered as a useful
guideline, not a definitive statement.

General purpose breeds tend to have
acceptable, average levels of performance
for most key traits, with extreme perform-
ance limited to very few, if any, traits.
Examples of general purpose breeds include
Cheviot, Columbia, Coopworth,
Corriedale, Dorset, Montadale, and Texel.
These breeds are occasionally used as spe-
cialized dam or sire breeds depending on
the production-marketing situation. In
fact, Dorsets are used in all three roles, but
most commonly as a general purpose breed.

In contrast to general purpose breeds, spe-
cialized dam breeds and specialized sire
breeds have clear strengths and weaknesses
in key traits. Such breeds fit into dam or
sire roles based lfargely on levels of perform-
ance for fitness, reproductive, and growth
traits and are best used to complement
other breeds.

Specialized dam breeds are used predomi-
nantly in terminal crossbreeding systems as
the breeding flock to produce market
fambs. This group of breeds therefore
emphasizes fitness and reproduczive traits
and tends to be less extreme for carcass
traits and mature weight. Breeds consid-
ered as specialized dam breeds include
Merino, Polypay, Rambouillet, and
Targhee. Adaptability, longevity, mother-
ing ability, and average mature weight are
common characteristics of these four spe-
cialized dam breeds that contribute greatly
to commercial flocks in the U.S. In addi-
tion, Finnsheep and Romanov are used
exclusively as specialized dam breeds prima-
tily due to young age at puberty and very

high lambing rates (about 3.0 and 3.7
lambs per ewe lambing for mature
Finnsheep and Romanov ewes, respectively).

Rams of specialized sire breeds are mated to
purebred or crossbred ewes of specialized
dam breeds to produce market famnbs in ter-
minal crossbreeding systems. Specialized
sire breeds should excel for ferility and
longevity of rams and survival of crossbred
lambs. In addition, sire breeds should pro-
duce crossbred lambs that have desirable
carcasses and growth rates that are optimal
for specific production-marketing situa-
tions. For example, Southdown are early
maturing and capable of siring lambs of
acceptable finish at a light weight on grass.
Hampshire, Oxford, Shropshire,
Southdown, and Suffolk rams are com-
monly used as terminal sires.

Heterosis Effects

Effects of heterosis greatly impact produc-
tivity of crossbred sheep. Each breed repre-
sents a specific package of genetic effects
resulting in characteristics that distinguish
one breed from another. Sheep with two
copies of the same form of a particular gene
are said to be homozygous for that gene,
whereas sheep with two different forms of
the gene are heterozygous. During evolo-
tion and development, each breed becomes
homozygous for some genes and heterozy-
gous for other genes, creating a unique set
of genetic information. For each breed, the
average degree of heterozygosity consider-
ing all genes (sheep may have roughly
30,000 genes) is a reflection of the genetic
history of that breed. When breeds are
crossed, new combinations of gene forms
are created in crossbred sheep, Thetefore,
crossbred sheep have increased heterozygos-
ity relative to breeds that produced the
crossbred. The increase in heterozygosity is
the basis for heterosis or hybrid vigor.
Heterosis is defined as the average perform-
ance of crossbred sheep relative to the aver-
age performance of pure breeds that pro-
duced the cross. :

Effects of heterosis can be realized through
crossbred lambs, ewes, and rams. Lamb
heterosis represents the performance of
crossbred lambs raised by purebred ewes
relative to purebred lambs raised by pure-
bred ewes. An example of lamb heterosis
for weaning weight is given in Table 2 to

iHlustrate the concept. The average weaning
weight of breed A lambs is 53 pounds and
of breed B lambs is 63 pounds. Therefore,
the weaning weight of purebred lambs of
both breeds averages 58 pounds. The aver-
age weaning weight of crossbred lambs by
these two breeds is 61 pounds. The effect
of heterosis, due to increased heterozygosi-
ty, is to increase weaning weight by 3
pounds or 5.2% relative to the average of
pure breeds. In this example, the average
weaning weight of crossbred lambs (61
pounds} does not exceed the average wean-
ing weight of breed B (63 pounds), the best
pure breed. Crosses between other breeds
may produce crossbred Jambs that are heav-
ier than the best pure breed.

Effects of ewe heterosis represent the per-
formance of crossbred ewes producing
crossbred lambs relative to purebred ewes
producing crossbred lambs; for example,
Rambouillet-Dorset crossbred ewes marted
to Hampshire rams compared to
Rambouillet and Dorset purebred ewes
mated to Hampshire rams. An example for
lambing rate is presented in Table 3. The
Jambing rates of purebred ewes of breeds A
and B are 1.70 and 1.90, respectively, giv-
ing an average of 1.80 lambs for the two
pure breeds. The average lambing rate of
crossbred ewes is 1.86 lambs, indicating
that the effect of ewe heterosis is 0.06 lambs
or 3.3%. The lambing rate of crossbred
ewes is greater than the average lambing
rate of purebred ewes due to increased het-
erozygosity of crossbred ewes.

As illustrated in Tables 2 and 3, experi-
ments can be designed to estimate effects of
lamb and ewe heterosis on key traits. Such
estimates are required to guide optimal use
of breed diversity in crossbreeding systems.
Differences between puse breeds in levels of
performance refative to lamb and ewe het-
erosis effects determine efficiencies of vari-
ous crossbreeding systems. Because such
information is essential, scientists through-
out the world have directed many experi-
ments to estimate effects of heterosis.
Results of numerous experiments were
summarized by Nitter (1978) to provide
consensus estimates of lamb and ewe het-
crosis effects on numerous traits (Table 4).

Favorable effects of lamb heterosis, particu-
larlly on preweaning survival and growth
traits, were reported. There was litde, if

Sheep & Goat Research Journal, Vol. 17, No. 3: 2002

51



any, evidence that famb heterosis affected
carcass traits. Crossbred ewes had greater
conception rates and their progeny grew
more rapidly than the average of pure
breeds. Effects of lamb heterosis differ
among traits, as do effects of ewe heterosis.
Furthermore, effects of lamb and ewe het-
erosis on a specific trait may differ consid-
erably. For example, the heterosis effect on
preweaning survival is greater for crossbred
lambs (9.8%) than crossbred ewes (2.7%).
Heterosis effects on individual traits accu-
mulate so that the combined effect on an
overall measure of productivity is greatly
enhanced. Crossbred lambs increase litter
weaning weight per ewe exposed by 17.8%
relative to the average of pure breeds, while
the corresponding value for crossbred ewes
is 18.0%. In summary, favorable effects of
lamb and ewe heterosis greatly increase
overall productivity of crossbred sheep
beyond the average of pure breeds.

Crossbred rams may also benefit from
increased heterozygosity relative to pure-
bred rams, but less is known abour effects
of ram heterosis than effects of lamb and
ewe heterosis. It is likely that ram heterosis
infAuences fitness traits such as libido, con-
ception rate, hardiness, and longevity.
Increased fertility of crossbred rams used in
spring breeding has been reported, thar is,
ewes exposed to crossbred rams had greater
conceprion rates than ewes exposed to
purebred rams. The usefulness and value of
crossbred rams is not fully recognized by
the sheep industry.

Complementarity

Complementarity greatly improves efficien-
cy of meat production by mating ewes of
specialized dam breeds to rams of special-
ized sire breeds. The basis of complemen-
tarity is that ewes and rams do not equally
influence the performance of offspring
because lambs are produced, reared, and
nurtured by ewes. Breed diversity is the
resource that allows producers to benefit
from complementarity. As discussed, many
breeds have strengths and weaknesses for
key traits that result in different merit
whether used in dam or site crossbreeding
roles. Specialized dam breeds excel in fit-
ness and reproductive traits, and have mod-
erate feed requirements (maintenance costs)
because of light-to-average mature weight.
In contrast, specialized sire breeds are supe-

rior for growth and carcass traits. By sepa-
rating dam and sire roles, complementarity
allows favorable traits of breeds to be real-
ized while minimizing or completely avoid-
ing less desirable traits in production of
market lambs.

Mating Polypay ewes to Suffolk rams is an
example of matching complementary
strengths of breeds to optimize efficiency of
a production system. This cross takes
advantage of the high reproductive capacity
and moderate maintenance costs of Polypay
ewes while producing Suffolk-sired lambs
to meet market requirements. The efficien-
cy of this cross would be much greater than
the reciprocal mating of Suffolk ewes to
Polypay rams. The latter cross would pro-
duce genetically equivalent marker lambs
(half Suffolk and half Polypay), but fewer
lambs would be sold and production costs
greatly increased due to higher feed require-
ments of heavy Suffolk ewes compared ro
Polypay ewes. Therefore, one way to
understand the concept of complementari-
ty is to consider the relative production
costs and productivity of reciprocal matings
between two breeds (Polypay ewes with
Suffolk rams compared to Suffolk ewes
with Polypay rams). Purthermore, the sys-
tematic efficiency of the complementary
cross {Polypay ewes and Suffolk rams}
would be significantly greater than straight-
bred systems using Polypay or Suffolk as
pure breeds. Producers of market lambs
should use terminal crossbreeding systems
to benefit from complementary cffects of

specialized dam and sire breeds.
Crossbreeding Systems

Crossbreeding is a traditional practice that
is widely used as a rapid and cost-effective
method to improve efficiency of meat pro-
duction by mating ewes and rams of two or
more pure breeds. All crossbreeding sys-
tems are based on breed diversity and,
therefore, heterosis influences performance.
Some crossbreeding systems also benefit
from complementarity. The practical
objective of crossbreeding is to improve
efficiency relative to the pure breed that
performs best in a given production envi-
ronment and marketing situation,

General-purpose crossbreeding systems.
Four genetic types of breeding ewes are
used in structured crossbreeding systems:

purebred, first cross, rotation, and compos-
ite. Mating systems that produce these
types of breeding ewes are discussed in the
context of general-purpose crossbreeding
systems (Table 5). The purcbred mating
system is included because productivity of
purcbred sheep serves as a standard for
evaluation of all crossbreeding systems.

A purebred flock is managed as a single
flock because all ewes and rams are of the
same pure breed. A purebred mating sys-
tem therefore does not benefit from ewe or
lamb heterosis effects. Purebred flocks pro-
duce replacements and surplus lambs are
marketed. There are situations, generally
associated with adaptability of a local breed
to extreme environmental conditions or a
very specialized market, where a purebred
mating system is superior to crossbreeding.
Such situations are uncommeon and use of
crossbreeding systems is strongly recom-
mended 10 improve efficiency of mear pro-
duction.

Because only a portion of any ewe flock is
required to produce replacement ewes,
remaining ewes can be mated to rams of a
different breed to produce first-cross lambs.
This first-cross system requires ewes of only
one breed (A) and rams of two breeds (A
and B). As all breeding ewes are purebred,
ewe heterosis does not exist. The system
uses two flocks and is more complex than a
purebred system, but has the advantage of
100% lamb heterosis in first-cross lambs.

In a two-breed rotational system, rams of
breeds A and B are used in alternating gen-
erations. Ewes sired by breed A rams are
mated to breed B rams, while ewes by breed
B rams are always mated to breed A rarns.
As all ewes and Jambs are crossbred, the sys-
tem exploits effects of lamb and ewe het-
erosis. After several generations of rota-
tional crossing, the system will average 67%
of possible lamb and ewe heterosis effects.
Inclusion of a third breed into the rotation-
al system increases use of lamb and ewe het-
erosis to 86%. Rotational systems use lamb
and ewe heterosis very effectively which is a
significanr advantage. However, the rota-
tional approach that provides for heterosis
also has drawbacks. The two-breed system
requires separation of ewes into two flocks
during breeding, one mated to breed A
rams and the other to breed B rams. Three
flocks are necessary for the three-breed sys-
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tem. Sheep produced in rotational systems
also vary considerably in breed composi-
tion. In the two-breed rotation, one flock
will be 67% A and 33% B and the other
33% A and 67% B. Breed composition of
flocks in the three-breed rotation will be
57% A, 29% B, and 14% C for the first
flock, 57% B, 29% C, and 14% A for the
second flock, and 57% C, 29% A, and 14%
B for the third flock. Unless breeds have
similar levels of performance, especially for
lambing rate and mature weight, variation
in breed composition can create different
managerial requirements among flocks.
For this reason, general-purpose breeds are
typically used in rotational crossbreeding
systems.

Composite breeds provide a simple method
to address problems associated with rota-
tional crossbreeding systems. The base
generation of a composite breed is formed
by making crosses among two or more
foundarion breeds. Subsequent generations
descend from crossbred parents and selec-
tion is often practiced to establish distinct
characteristics of the new breed. Although
the composite breed is managed thereafter
as a single flock, it benefits from lamb and
ewe hererosis effects and also any heterosis
effects that may exist for ram fertility traits.
The percentage of lamb and ewe heterosis
maintained in the composite breed increas-
es as more breeds conrriburte to the cross-
bred foundation (Table 5). One must be
careful to include only breeds that optimize
the combined effects of breed composition
and heterosis, as inclusion of a marginal
breed to gain additional heterosis is coun-
terproductive.  In contrast to rotational
crossbreeding, breed composition is equiva-
lent among all sheep within a composite
breed. Therefore, foundation breeds with
diverse performance can be used without
creating complexity due to different mana-
gerial requirements. Thus, throughout the
world, prolific breeds like Finnsheep and
Romanov contribute to many composites
involving well-adapred, general-pnrpose
breeds. Composite breeds can be designed
and developed to serve as general purpose
breeds, specialized ewe breeds, and special-
ized sire breeds. Although rotational sys-
tems achieve higher levels of heterosis than
composites for a given number of breeds
(Table 5), composites are managed as a sin-
gle flock, maintain very beneficial levels of
heterosis, and have stable breed composi-

tion. For these practical reasons, many
popular breeds in the U.S. originated in
Columbia, Corriedale,
Montadale, Polypay, and Targhee are exam-
ples of composite breeds.

this manner.

Long-term expression of heterosis effects in
a composite breed depends on maintaining
heterozygosity. After the base generation of
crossbred sheep is produced, a composite is
managed as a closed breed and hererozygos-
ity decreases due to eventual mating of
relared ewes and rams (inbreeding). To
maintain levels of heterosis, a composite
breed should use at least 25 rams each gen-
eration. Assuming 20 ewes per ram, a flock
of ar least 500 ewes is suggested. Therefore,
creation of a mew composite breed is a
majot undertaking, requiring substantial
resources of a single producer or group of
producers sharing a common vision. An
excellent example of development of a com-
posite breed by private industry is included
in this issue of the Sheep and Goart
Research Journal (Use of Finnsheep in a
Western Commercial Sheep Operation).

Terminal crossbreeding systems,

Mating types, products, and levels of lamb
and ewe heterosis are presented in Table 6
for each type of rerminal crossbreeding sys-
tem. Rams of specialized sire breeds are
mated to purebred, first cross, rotational, or
composite ewes to produce terminally-sired
market lambs thar express 100% of famb
heterosis.  ‘While general-purpose cross-
breeding systems exploir genetic effects of
breed diversity and heterosis, terminal
crossbreeding systems also take advantage
of complementarity. Because specialized
site breeds focus on growth and carcass
traits, the genetic merit of terminally-sired
lambs is different than other replacement
and market lambs produced within a sys-
tem. Terminal crossbreeding systems are
more complex to manage than general-pur-
pose crossbreeding systems because an
additional flock (ewes mared to the special-
ized site breed) is present, but terminal sys-
tems have powerful genetic advantages of
greater use of lamb heterosis and caomple-
mentarity.

Terminal crossbreeding systems are general-
ly feasible due to the reproductive rate of
sheep. Depending on circumstances, only
15 to 40% of ewes in the breeding flock are
required to produce replacements.

Remaining ewes can be bred to rams of spe-
cialized sire breeds. A key determinant of
the relative efficiency of self-contained
crossbreeding systems is the percentage of
ewes needed to produce teplacements. As
reproductive rate increases due to use of
more prolific breeds and heterosis effects, a
greater percentage of ewes can be mared to
terminal sires and the system becomes more
efficienr,

Relative production of crossbreeding systems.

Information provided in Tables 5 and 6

reveals that crossbreeding systems vary con-

siderably in complexity of management,
products, and use of lamb heterosis, ewe
heterosis, and complementarity. To decide
among crossbreeding systems, it is neces-
sary to account fot impact of these various
genetic effects. It is not possible to directly
compare all crossbreeding systems through
experimentation with sheep due to limited
resources available for research., However,
the productivity of crossbreeding systems
can be predicted by using reliable estimates
of heterosis effects (Table 4), reasonable
assumnptions about production levels, and
crossbreeding theory. A number of
assumptions are necessary to predict the
productivity of each crossbreeding system.

1.The ewe replacement rate is 20% per

year.

2. Al replacement ewes are produced with-
in each system, rams are purchased as
needed.

3. Averaged across breeds, purebred ewes
wean 1.4 purebred lambs per ewe
exposed.

4 Effects of lamb hererosis on lambs
weaned per ewe exposed is 15% (Table
4).

5. Effects of ewe heterosis on lambs weaned
per ewe exposed is 15% (Table 4).

6. Averaged across breeds, purebred lambs
weigh 50 pounds at weaning.

7.Effects of lamb heterosis on weaning
weight is 5% (Table 4).

8.Effects of ewe heterosis on weaning
weight is 6% (Table 4).

9. Use of a specialized site breed increases
weaning weight of lambs by 5%.

The above assumptions were used to predict
the total weaning weight produced by each
crossbreeding system. The predicted value
of purebred flocks was set at 100 and values
for other systems expressed relative to pure-

bred flocks. Results are given in Table 7.
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Although effects of lamb heterosis and ewe
heterosis on individual traits may seem
small, effects accumulate to have significant
impact on a measure of overall productivi-
w, such as litter weaning weight per ewe
exposed. Furthermore, combined effects of
lamb heterosis, ewe heterosis, and comple-
mentarity can increase production by 40 to

50% relative to the average of purebred
flocks of different breeds.

Lamb heterosis in the first-cross, general-
purpose system increases production 17%
relative to putrebred flocks. Rotational and
composite general-purpose systems create
both Jlamb and ewe heterozygosity, thereby
being mote productive than purebred and
first-cross  general-purpose  systems.
General-purpose rotational systems achieve
greater levels of heterosis than composite
systems for a given number of breeds and
therefore are more productive. The two-
breed rotation has a value of 134 compared
to 125 for the two-breed composite.
Corresponding values are 143 for the three-
breed rotation compared to 131 for the
three-breed composite. A four-breed com-
posite is intermediate (138) to two- and
three-breed rotational systems (134 and
143, respectively).  Similar relationships
berween rotational and composite pro-
grams are predicted in terminal crossbreed-
ing systems. As discussed, composites are
less complex to manage than rotational sys-
tems and also have stable breed composi-
tion.

Comparison between general-purpose and
terminal crossbreeding systems within rora-
tional or composite programs, demon-
strates effects of increased lamb heterosis
and use of complementarity. For example,
productivity of the two-breed rotational,
general-purpose system is increased from
134 to 146 in the two-breed rotational, ver-
minal system. The increase is partly due to
weaning mare lambs, but primarily to heav-
ier weaning weight of terminally-sired
lambs. Advantages of terminal systems are
greater in composite than rotational pro-
grams because rotational general-purpose
systems achieve greater levels of lamb het-
erosis than composite general-purpose sys-
tems. Thar is, lamb heterosis increases from
67 to 100% in a two-breed rotation by use
of terminal sires, but from 50 0 100% in a
two-breed composite. Productivity of the

purebred general-purpose  system  is

increased from 10¢ to 122 in the purebred
terminal system.

The first-cross terminal system is also
referred to as a three-breed cross or a static
terminal-sire system, This is the only sys-
tem that uses crossbred ewes expressing
100% of ewe heterosis effects (Table 6).
The productivity (150) is high and similar
to two-breed {146) and three-breed (153)
rotational terminal systems and three-breed
(145} and four-breed (150) composite ter-
minal systems. The managerial complexity
of the first-cross terminal system is fess than
the three-breed rotational terminal system,
equal to the two-breed rotational terminal
systems, but greater than composite termi-
nal systems.

In summary, crossbreeding systems vary in
degree of complexity and use of lamb het-
erosis, ewe heterosis, and complementarity.
Crossbreeding exploits these genetic effects
and significantly increases productivity rel-
ative to purebred flocks. Efficiency of meat
production is maximized in terminal cross-
breeding systems by use of specialized sire
breeds to complement characteristics of
crossbred ewes.

Choice of Breeds

Tables 5, 6, and 7 provide information to
evaluate advantages and disadvantages of
numerous crossbreeding systems.
Obviously, breeds used within any specific
crossbreeding system greatly influence effi-
ciency of meat production. Selection of
breeds should be made only after careful
forethought. Initially, production resources
and limitations should be identified,
Understanding resources such as labor,
facilities, land, feedstuffs, managerial skill,
etc., helps to define an appropriate produc-
tion system. Sheep characteristics that
most impact efficiency in the production
system should be determined and reason-
able target levels of performance established
for each characteristic. This process pro-
vides a blueprint to describe ideal rams,
ewes, and fambs for the specific production
system and marketing goal. The blueprint
guides selection of suitable breeds based on
knowledge of breed characteristics in the
relevant environment and determination of
proper breed composition of crossbred
sheep. At this point, crossbreeding systems
can be evaluated to determine the system

that most efficiently produces the ideal
sheep, especially crossbred replacement
ewes,

An important factor affecting efficiency of
meat production is lambing rate. Because
breeds of sheep vary greatly for lambing
rate, it is critical to design the breed com-
position of crossbred ewes to meet targer
levels. Preliminary results from research at
the U.S. Mear Animal Research Center
iHustrate the effect of breed composition on
Jambing rate. Dorset and Finnsheep rams
were mated to Rambouillet ewes to produce
contemporary first-cross ewes for compari-
son. Both types of crossbred ewes were ter-
minaliy-sire mated to Suffolk rams. The
average lambing rate of mature Dorset-
Rambouillet ewes was 1.70 lambs, whereas,
mature Finnsheep-Rambouillet ewes pro-
duced an average of 2.46 lambs. It is essen-
tial to select breeds and determine breed
composition that achieve the targered
lambing rate of the production system.

Use of Crossbred Rams

Crossbred rams may benefit from increased
fertility associated with ram heterosis, par-
ticularly in spring breeding, but their pri-
mary value is to optimize breed composi-
tion of crossbred ewes. Two-breed cross-
bred rams (AB} mated to ewes of a third
breed (C) produce lambs thar are 23% A,
25% B, and 50% C. This approach
requires a producer to have a flock of breed
C ewes and to buy crossbred AB rams. A
more complex method o produce the same
three-breed cross uses only purebred rams.
A producer would mate breed A ewes to
breed B rams to produce AB replacement
ewes that are in wrn mated ro breed C
rams. Use of crossbred rams simplifies pro-
duction of sheep where less than 50% con-
tribution of a breed is optimal.

The most common use of crossbred rams is
to produce replacement ewes that are either
25% Finnsheep or Romanov. For example,
a target lambing rate of 2.10 lambs might be
well-suited for a given production system.
Finnsheep-Rambouillet crossbred rams
mated to Targhee ewes would produce
replacement ewes that average about 2.10 for
lambing rate. The value of Finnsheep and
Romanov breeds is greatly enhanced by the
productivity of quarter-blood ewes in pro-
ducrion systems that support that level of
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prolificacy. There is an opportunity for seed-
stock producers to develop and market spe-
cific types of crossbred rams more effecrively.

Production of
Replacement Ewes

It is generally possible to produce crossbred
ewes of similar or equivalent breed compo-
sition by use of first-cross, rotation, or
composite systems. Suppose 2 producer
decides that a crossbred ewe of 50%
Cheviot and 50% Columbia js appropriate.
Crosses between the two pure breeds would
produce a first-cross replacement ewe. A
two-breed rotation of Cheviot and
Columbia rams would result in ewo flocks,
one flock 67% Cheviot and 33% Columbia
and the other flock 33% Cheviot and 67%
Columbia. As Cheviot and Columbia are
both general-purpose breeds, performance
and therefore managerial requirements of
the wo focks would be fairly similar.
Finally, 2 composite breed could be devel-
oped that is 50% Cheviot and 50%
Columbia; in fact, the Montadale is such a
breed. Firse-cross, rotation, and composite
ewes would express 100, 67, and 50% ewe
heterosis, respectively, with performance
related to the degree of heterosis ‘as dis-
cussed {Table 7).

An intensive production system might sup-
port a crossbred ewe with very high lamb-
ing rate, Romanov ewes could be mated to
Dorset-Rambouillet crossbred rams to pro-
duce first-cross replacement ewes that are
50% Romanov, 25% Dorset, and 25%
Rambouillet. Another approach to pro-
duce ewes of similar breed composition is
to use crossbred rams in a rotation system.
Romanov-Dorset and Romanov-
Rambouillet crossbred rams could be used
in alternating generations.  Resulting
replacement ewes would always be 50%
Romanov and either 33% Dorset and 17%
Rambouiller or 17% Dorset and 33%
Rambouillet. A three-breed composite that
is 50% Romanov, 25% Daorset, and 25%
Rambouillet could also be developed.
Breed composition of first-cross, rotation,
and composite ewes would be very similar
and corresponding levels of ewe heterosis
would be 100, 67, and 62.5%, respectively.
Differences among these systems in use of
heterosis would affect

(Table 7).

performance

These examples illustrate production of
two-breed and three-breed replacement
ewes in first-cross, rotational, and compos-
ite programs. In practice, the best system of
producing replacement ewes is often rela-
tively simple. If the system is too complex
for the producer to manage, an efficient
type of crossbred ewe may be abandoned.
The problem may lic in the system of pro-
ducrion, not the breed composition.
Producers should carefully consider the
long-term practical ramifications of differ-
ent crossbreeding systems before develop-
ing a specific plan.

Changing breed composition of crossbred
ewes in 2 commercial flock requires several
yeats if 10 to 20% of ewes are replaced
annually, Because younger ewes are less
productive than older ewes, the impact on
overall flock productivity is realized even
less gradually. This situation emphasizes
rhe importance of determining appropriate
breed composition in a timely manner, as it
is inefficient to repeatedly pursue a chang-
ing goal. Once the need to alter breed com-
position is apparent, one should immedi-
ately develop breeding plans to implement
change.

Seedstock and
Commercial Production

Discussion of the relative merit of cross-
breeding systems assumed systems are self-
conwained, that is, all replacement ewes are
produced within the system and rams are
purchased as necessary. An individual pro-
ducer can operate a self-contained system
or specialize in one or maore distinct seg-
ments of a system. A first-cross terminal
system serves as 4l example (Figure 1).
Dorset ewes and rams are mated to produce
purebred replacements, Dorset ewes are
mated to Rambouillet-Finnsheep crossbred
rams to produce first-cross replacement
ewes, and first-cross ewes are mated o
Suffolk rams to produce terminally-sired
marker lambs. This system consists of
purebred seedstock, crossbred seedstock,
and commercial segments.

In a self-contained system, all three seg-
ments would be used by 2 producer. Or, a
producer could focus on seedstock produc-
tion, selling purcbred and/or crossbred
seedstock. Many commercial producers

like to raise their own crossbred replace-
ment ewes and, therefore, buy purebred
seedstock to produce replacements for their
commercial flock. Other producers prefer
to specialize in commercial production and
buy crossbred replacement ewes for their

commercial flocks.

Final Recommendations

Advantages and disadvantages of many
crossbreeding systems have been presented.
From an industry-wide perspective, which
system provides the greatest opportunities
to address challenges facing the sheep
industry?

Use of first-cross terminal systems is recom-
mended. Widespread implementation
would require greater communication,
cooperation, and integraton to wisely nse
breed diversity and improve the genetic
structure of rhe sheep industry. It would
encourage producers and breed associations
to understand roles of breeds in a cross-
breeding context and, therefore, to practice
selection for traits that are relevant for
crossbred seedstock and market lambs.
Purebred and crossbred Finnsheep and
Romanoy ewes can efficiendy produce pro-
lific fitsc-cross ewes. Additionally, pure-
bred and crossbred Finnsheep and
Romanov rams can be mated to ewes of
well-adapted breeds to produce first-cross
replacement ewes. Adjustments to breed
composition of first-cross ewes can be made
quicky by simply changing sire breed of the
first cross. Pirst-cross ewes would express
1009% of ewe heterosis that greatly impacts
lifetime productivity.

If the sheep industry is not willing to inte-
grate use of breed diversity and therefore is
unable to broadly implement first-cross er-
minal systems, then composite terminal
systems are an excellent alternative.
Composite breeds can be designed and
developed as specialized ewe breeds to
achieve targeted levels of performance
appropriate for environmental conditions
and to complement characteristics of spe-
cialized sire breeds in terminal crossbreed-
ing systems. The primary advantage of
composite terminal systems is simplicity.
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Table 1. Relative levels of performance of breeds for several traits.

Length of Age at Lambing Marure

Breed scason pubercy rate weight Hardiness
Dorset long average average average average
Finnsheep average young very high light average
Rambouillet long old low average high
Suffolk average average high heavy low
Table 2. Lamb heterosis for weaning weight (pounds),

Purebred lambs Crossbred lambg
Ttemn A B BA AB
Weight 53 63 62 60
Average 58 61
Heterosis 3 pounds (61 - 58)

5.2% {3/58)

Table 3, Ewe heterosis for lambing rate.

Purebred ewes Crossbred ewes
Item A B AB BA
Lambing rate 1.70 1.90 1.84  1.88
Average 1.80 1.86

0.06 lambs (1.86 - 1.80)
3.3% {0.06/1.80)

Heterosis
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Table 4. Estimates of lamb and ewe heterosis e.ﬂ'.ectsa.

Trair . Lamb' - - . Fwe.
Birth weight 32 .51
Weaning weight 5.0 6.3
Preweaning daily gain 5.3 -
Postweaning daily gain 6.6 -
Yearling weight 5.2 5.0
Conception rate 2.6 8.7
Lambing rate 2.8 32
Preweaning survival 9.8 2.7
Lambs born per ewe exposed 5.3 1.5
Lambs weaned per ewe exposed 15.2 14.7
Litter weaning weight per ewe exposed 17.8 18.0

3Effects expressed as a percentage of the putebred average (Nitter, G., 1978).

Table 5. Mating types, products, and heterosis realized in general purpose crossbreed-

ing systems.
Heterosis?
Generic type of lamb  Mating typeb Products® Lamb Ewe
Purebred AxA Replacement, market 0 0
First cross AxA Replacement, market 0 0
AxDB Market 100
Rotation
Two-breed ABR Replacement, market 67 67
BAp Replacement, market 67 67
Three-breed ABCp Replacement, market 86 86
BCAR Replacement, market 86 86
CABR Replacement, marker 86 86
Composite
Two-breed ABc Replacement, market 50 50
Three-breed ABC Replacement, market G2 62
Four-breed ABCD( Replacement, market 75 75

Percentages of maximum possible lamb and ewe hererosis effects.

ba, B, C, and D represent breeds, subscripts R and C indicate roration and composite,
respectively.

CProducts of matings are replacement ewes and market lambs.
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Table 6. Mating types, products, and betersosis realized in terminal crossbreeding systems.
Heterosis?
Genetic type of eweD Mating type® Products? Lamb Ewe
Purebred AxA Replacement, market 0 0
TxA Terminal marker 100 0
First cross AxA Replacement, market 0 0
AxB Replacement, ma.rket 100 0
Tx AB Terminal marker 100 100
Rotation |
Two-breed ABp Replacement, market 67 67
BAp Replacement, market 67 67
T x ABR, BAR Terminal market 100 67
Three-breed ABCp Replacement, market 86 86
BCAR Replacement, market 86 86
CABR Replacement, market 86 86
T x ABCR, BCAg, CABR Terminal marker 100 86
Composite
Two-breed AB Replacement, market 50 50
TxABc Terminal market 100 50
Three-breed ABC Replacement, market 62 62
T x ABC Terminal market 100 62
Four-breed ABCD¢ Replacement, market 75 75
Tx ABCDc Terminal market 100 75

APercentages of maximum possible lamb and ewe heterosis effects.
Genetic type of ewes mated to specialized sire breed.

€A, B, C, and D represent dam breeds, T represents a specialized sire breed, and subscripts R
and C indicate roration and composire, trespectively.
Products of marings are replacement ewes, market lambs, and terminally-sired market lambs.

e AR

i
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Table 7. Relative production of different crosshreeding systems?.

Genetic type General purposeb Terminal®
Purebred 100 122
First cross 117 150
Rotation
Two-breed 134 146
Three-breed 143 153
Composite
Two-breed 125 141
Three-breed 151 145
Four-breed 138 150

3Ppoduction relative to total pouuds weaned from a purebred flock.
bSee Table 5 for mating types, producss, and heterosis associated with each genetic type.
CSee Table & for mating types, products, and heterosis associated with each genetic type.
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Figure 1. A first-cross terminal system using Dorset (D), Rambouiller (R}, Finnsheep (F),
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), and terminally-sired market lambs ( §."§ ) are indicated.
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Use of Finnsheep Crosses in a
Western Commercial Sheep Operation

The Hamilton family has been engaged in
agriculture, including sheep production, in
California for more than 130 years. The
farming and ranching operation is diversi-
fied, and includes row crop farming, dry
land grain and safflower farming and live-
stock which also includes catde. The sheep
flock today consists of about 3800 com-
mercial whiteface ewes that are 3/8 Finn,

and about 85 purebred Suffolk ewes.

The climate of the area is Mediterranean,
with rain from October or November to
March or April, and thus with a dry season
of at least six months in most years. Sheep
are an integral part of our cropping system,
and particularly important to the dryland
wheat and barley production, which is our
largest cropping enterprise. Following har-
vest of the grain crop, the sheep graze the
crop residues during the summer, ‘The land
is left fallow the following season or some-
times two seasons, but with the rains there
is a snbstantial "volunteer” crop of grasses
and forbs, which provide good grazing for
the sheep. If not grazed, this growth would
make crop preparation the following season
more difficult, especially in better than
average rainfall years. Sheep have an advan-
tage over cattle in this system in thar they
cause much less compaction of the heavy
clay soils. The ranch indudes considerable
areas of native grass range that are also
grazed mnch of the year to complement the
. stubble and fallow grazing. The sheep are
also used to enhance sensitive native
Califernia grasslands for the Narture
Conservancy, Solane County Open Space
and the California Fish and Game

Department.

Ewes are lambed in two seasons, a fall lamb-
ing from Ocrober 18 to December 15,

Richard and Burrows Hamilton

Hamilton Brothers Ranch, Rio Vista, CA

when 75% or more of the mature ewes
lammb, and a winter lambing from January
20 to March 15, when the ewe lambs and
remainder of the mature ewes lamb. Bwes in
each group are pregancy tested and separat-
ed by feral count and estimated stage of ges-
tation. Mature ewes with singles are general-
ly field Jambed, while those carrying muldi-
ples and all ewe lambs ate barn lambed. A
very successful fostering system is used to
magimize the number of ewes raising twins
and minimize the number of ewes that fail
to taise a lamb.

Breeding Plan

The traditional plan for obtaining replace-
ment ewes in nearly all California cormer-
cial sheep operations is to purchase yearling
whiteface ewes, of predominantly
Rambouillet and Targhee breeding, from
the intermountain states, Texas, New
Mexico and Arizona. While such ewes at
maturity will have reasonably satisfactory
fall fambing performance, there is no selec-
tion for that in the spring-lambing inter-
mountain flocks. The yearling ewes, often
lirde more than 12 months of age when put
with the rams in California, often have a
high percentage of dries (typically 10 ro
15% } the first year. These ewes do not pro-
duce enough twins to reach a 100% lamb
crop. California’s average lamb crop is
approximately 90%.

In the late 1960, we realized that the tra-
dirional range ewe wasn’t productive
enough to meet the ever-changing demands
of the sheep indusery in our area, Qur
weaning rate per ewe in the flock was not
much over 100%, typical for the area then
and still for many flocks today. A decrease
in the number of dry ewes and an increase

in twinning rate seemed essential. In 1970,
Dr. Eric Bradford of the University of
California at Davis had acquired from
USDA the first Finnsheep rams in the state,
and had mated these to some Targhee ewes
from a group selected for several years for
increased weaning weights. Ken Ellis of UC
Cooperative Extension organized a pro-
gram with a few ranchers to evaluate the
petformance of ewes sired by these Finn-
Targhee rams. We obtained rams from these
first Finn crosses and used them on selected
twin—bearing ewes in 1972,

The daughtets of these rams weaned more
lambs than any ewes we had had up to that
time. Furthermore, as ewe lambs, mared at
about 9 months of age, they had fewer dries
than the purchased yearling ewes thac had
been our replacements in the past, With
cut 1/4 Finn cross ewe lambs, we rypically
would get 82 to 87% conception rate and
wurn out 1.15 lambs per ewe and today,
with our 3/8 Finn cross, we typically get
between 90 and 96% conception ratc and
turn out 1.20 to 1.30 lambs per ewe. We
therefore obtained more 1/2 Finn rams,
and converted the entire ewe flock o 1/4
Finn breeding. Onr weaning percentage
from mature 1/4 Finn ewes, lambing pre-
dominantly in the fall, rose to 135%. When
we started selecting Finn cross ewes and
rams, we instituted strict production and
quality standards in our program. We tried
to achieve standards in wool quality, con-
formation, and production that best utilizes
our available resources and meets the needs
of onr markets. Our goal is to produce a
ewe that at the minimum twins yearly dur-
ing the fall, produces a wool clip berween
22,05 t 23.49 microns, and produces
Yield 2 market lambs weighing berween
135 and 140 pounds. Concerns about size,
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conformation, and adaptabilicy to Western
sheep operations are reasons often stated by
other producers for not being willing to try
Finn crosses. What other producers often
don’t realize is the high lamb production
potential of these sheep, which is so impor-
tant to net returns, and thus the potential
advantages from incorporating a percent-
age of Finn to meet production goals. Our
results show thar the risk of loss in waol
quality, conformation and adapeability can
be overcome through selection.

With 1/2 Finn rams of the type we were
using not readily available to purchase, and
recognizing that we could probably raise
better rams than we could buy, we started
1o raise our own rams, from the best of our
1/4 Finn ewes and rams, in 1981, We chose
not to use Polypays, which were becoming
available, because we felt our sheep wete
somewhat larger, and more consistent and
finer in wool quality. Had the Polypay been
available when we first started our own
breeding program, we might have nsed that
breed, but by the time it was available, we
had our own program which was working
well for us.

By 1985, our management and success in
raising twins had improved to the point
that we felt we were ready to move 1o a
higher level of prolificacy. After discussing
some possibilities with Dr, Bradford, we
decided to evaluate 3/8 Finns, and in 1986
purchased several large, heavy-boned 1/2
Finn x Targhee rams from Art Christiansen
of Montana. These were mared to our best
500 1/4 Finn ewes, and their danghters
evaluated before proceeding further. The
first year, 96% of the 3/8 Finn ewe Jambs
fambed at 14-15 months of age (vs. 88%
for 1/4 Finns). When the performance of
these ewes at older ages showed that they
regularly outperformed the 1/4 Finns, we
made the decision to convert the entire
flock 1o 3/8 Finn. Qur philosophy in trying
any new genetics is to compare the new
cross with the control, in this case our
established 1/4 Finn flock. We evaluate all
of the potential benefits and problems of
the new cross during a liferime production
cycle, with enough numbers to be confi-
dent of the results. This takes about five
vears and it is at that time we decide if the
new cross is going o become the estab-
lished cross.

Identification,
Flock Management
and Selection

With the exception of rams and of our pure-
bred Suffoiks, our sheep are not individually
identified, but we do use a system of types
and shapes of ear tags, ear notches, ear tat-
toos and type and color of paint brand to
keep information needed in facilitating our
selection process. The pertinent information
is year of birth, type of birth and rearing,
wool quality and lambing history (being dry
their first year, what breeding group they are
in, time of year they lamb - fall or spring -
and what type of lambing they have had}.

A potential replacement ewe lamb is given
an All Flex ear tag in her left car at docking,
The male part of the tag is a sheep type tag
and the color of the tag represents the birth
year. The colors are rotated and we mix in
white also. All our fivestock, which includes
catele, have the same color tag each year.
The female or bottom part of the tag is
cither black, meaning twin or triplert raised,
or white, meaning single raised. The shape
of the female tag represents the type of cross
of the ewe. In our 1/4 Finn cross, we used a
sheep type tag and in our 3/8 Finn cross, we
use a hog type tag. If we are testing a new
cross, the females of that cross are also given
an ear tattoo in their right ear. We will ear
tattoo until che new cross becomes the only
cross we are raising. Currently, we are test-
ing a Friesian cross and we are back using
the sheep type tag as a bottom tag since
there are no 1/4 Fiun ewes left in the flock.
There is no question that singles grafred as
twins are identified as twins and twins born
and raised as singles are identified singles.
We do not feel thar this has had a serious
effect on our success in selection. We do try
to graft only male lambs as twins to help
reduce the effect of any misidentification
on replacement ewe selection.

When a ewe reaches 12 to 14 months of age
and before she is sheared as a yearling, we
visually fleece each ewe and look for wool
quality and consistency from shoulder to
breech. Ewes that are off in quality are
given a black All Flex medium ear tag in
their right ear. This means that these ewes
can only be used with terminal sires and not
used to raise replacements.

We do individually identify ram lambs,
since we keep individual wool production
and breeding group records on rams, Since
we keep only twin born and raised rams out
of twin raised ewes, we idenrify the poten-
tial ram lambs before they leave the lamb-
ing facilities. Since the lambs and ewes are
number branded for twin 1D at birth, we
can find a potential rarn lamb’s mother and
twin and see their visual qualities. We do
note the mother's ID with the potential
ram. The ram lambs are given a numbered
ear tag that matches the shape of the ewe’s
lefr ear tag, and also an identifying car
notch number. Since we are in the volun-
tary scrapie program, the rams are given a
permanent scrapie ear tag in their right car
that matches the number and color of the
ear tag in their left ear.

If a ewe at 14 months of age fails to raise a
lamb, she receives a metal ear tag in her right
ear. If this ewe with a metal tag shows up
again open at preg testing or fails to raise a
lamb, she is automatically culled. Normally,
only first time lambing ewes get a second
chance. We do not supplement ewe lambs
before breeding so their conception rate is
highly correlated to feed conditions.

Ewes are segregated into "single” and "ewin”
bands (and now in some cases into a triplet
band) after lambing, and these are usually
kept separate at weaning so that those rais-
ing multiples are known when mating
bands are made up for the nexr season.

To maintain our sheep-stocking rate for our
available resources and balance with our
cattle operation, we need to retain 800 to
900 ewe lambs a year. To achieve our
replacement numbers, we breed 1700 ewes
o our 3/8 Finn rams. These ewes are select-
ed in terms of size, conformartion, fleece
qualiry, history of twinning and fall lamb-
ing and are divided into 3 equal size groups.
These replacement groups lamb becween
October 20 and December 15. These
groups are known as a Purple group, Green
group and Orange group. Once a ewe gets
into one of the three groups, she is given an
All Flex medium ear tag of the same color
as the tag in her right ear. We also put a
color ownership (HR) brand to match the
color of the group ear tag, The catliest a ewe
can get into this group is usually at 3 to 4
years of age, when her petformance history
has been established. As stated earlier, ewes
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with black tags in their right ear are not cli-
gible for this group. A ewe will stay in this
group as long as she meets the production
standards. All the other mature ewes, which
include the black tag ewes, are branded
with a blue ownership (HR) brand and they
are bred ro Suffolk rams.

Each year with our three replacement
groups (Purple, Green, 8 Orange), we des-
ignate two groups as ewe replacement
groups and one as the ram replacement
group {ewe replacements are also selected
from this group). Since we have a cross of
sheep that is very hard to find outside of
our own program, we try to avoid inbreed-
ing through a system of rotadon of the
group providing replacement rams. Rams
never breed ewes from the group in which
they were born, Also, rams are used for no
more than 3 years, and ewes do not enter a
replacement breeding group undl 3 or 4
years of age, so sib matings are also avoided.
The ram producing group is always the
group bred to the new crop yearling rams.
Example: In 2000 fall lambing, our 1998
born yearling rams out of the Orange group
are the sires of lambs in the Green group,
which is the designated ram sire group.
These 2000 fall born Green group ram
lambs will be used as yearling sires on the
Purple group for the fall lambing of 2002.
This system has worked well. We have not
brought in an outside ram since 1990, We
do keep rams out of the ewe replacement
groups, but they are sold to other breeders.

In California, with our green grass period
starting in fate December and ending in
April, we have to have lambs old enough to
take advantage of these grasses. This is why
we lamb so carly in the fall; we can lamb or
run ewes and lambs on alfalfa and then move
to the native grasses when the feed is strong

for lambs. Since we are trying to breed at a
time of year when ewes aren’t cycling as reg-
ularly or have lower ovulation rate compared
10 fall breeding, we can overcome a lot of the
difference with genetics (ex. Finn), and also
using other tools such as flushing and teaser
rams. In our opetation, we do flush ewes on
native grass fields thar were not grazed in the
months of March and April, and we also use
teaser rams. From past history, we know we
get a tremendous "ram effect” on our ewes
when we put the rams in. If the ewes breed
on the first cycle their ovulation rate is lower,
especially in May. To help overcome the
lower ovulation rates, we expose the ewes,
including the ewe lambs, to teaser rams for
one month before the breeding rams go in.
This way we hope to get one or two estrous
cycles before introducing the breeding rams.
We feel it has helped our twinning percent-
age and also helped even out the peaks of
lambing, We make teasets out of single born
3/8 Finn ram Jambs.

Ewe lambs are mared beginning August 12,
ar an average of 9 months of age, unil
October 23, at the same time as the cleanup
mating of the mature ewes. Ewe lambs are
bred to 3/8 Finn tams, but no replacements
are kept from them, although some of their
lambs are sold as replacements for other

flocks if there is demand.

Mature ewes are ultrasounded for pregnan-
cy and fetal count in late August, and those
with singles and with multiples, and early
and later pregnancy, separated, for more
efficient use of any supplemental feed and
to facilitate management at Jambing.
Accuracy of counts has been good, about
95%. All the open ewes are run together
and continue to be exposed to both Suffolk
and 3/8 Finn rams. We continue to keep a
couple of 3/8 rams with the pregnant ewes,

so we have ram coverage for any ewes reab-
sorbing fetuses. All rams are removed on
October 23. Ewes from later breeding are
pregnancy checked approximately 35 days
after the rams are removed.

Selection of rams occurs at several stages. As
indicated, rams for use in our flock come
from the designated ram replacement group,
and other ram lambs for potential sales come
also from the two ewe replacement groups.
As stated earlier, promising individuals from
dams raising twins or triplets are identified
before hauling to the alfalfa or native pasture
fields, so when docked they don't get cas-
trated. We will identify about 125 to 140
potential rams, We wean the ram lambs ar
about 70 to 80 days of age to avoid possible
mother to son breedings. At weaning, we
castrate any "off" or below average ram
lambs based on weight for age. After wean-
ing, we take a side and breech wool sample
for each ram lamb, and cull some based on
wool evaluation. From approximately one
month after weaning until they are evaluat-
ed as yeardings, the ram lambs are raised
strictly on native rangeland and their further
evaluarion for size, conformation, condition
and hardiness is based on these growing con-
ditions. At yearling shearing their fleeces are
weighed and graded, and this information,
along with size and conformation, is used in
selecting rams needed for the flodk. Fleece
grade is emphasized, in the inrerests of
maintzining a uniform clip for the whole
flock, Once we select our replacement year-
ling rams, we will cull the older rams from
the flock. Normally, we turn over 3/8 Finn
rams every three years. These older rams and
the yearling rams from our ewe replacement
gtoups are popular, and we are finding a
more consistent demand than for replace-
ment ewes. We sell on average 40 to 45 rams
a year to other producers.

2000/2001 performance levels of the flock are approximately as follows:

Replacement groups, ‘Terminal sire groups, Ewe lambs
rams in May 18 rams in June®.
Y%preg : by late Aug, preg test 87% 53% 0
%preg : end of season preg test 12% 43% 93%
% open : end of season preg test 1% 4% 7%
Lambs/ preg ewe @ late Aug, preg test 1.57 lambs/ewe 1.45 lambs/ewe -0-
Lambs/ ewe @ Docking (3.5 wks of age) 1.48 lambs/ewe 1.38 lambs/ewe -0-

Lambs/ preg ewe @ last preg 1.64 lambs/ewe 1.64 lambsfewe  1.51lambs/ewe
Lambs/ ewe @ Docking {3.5 wks of age} 1,51 Jambs/ewe 1.51 lambsfewe 1.20 lambs/ewe
Weaning wt.
Twin lambs { note: 2000 ave. wr) 89 lbs, 85 Ibs. 65 lbs.
Single lambs (note: 2000 ave. wt} 102 lbs. 98 lbs. 77 lbs.
Ewe Fleece wt. 8.2 lbs 8.2 Ibs, 8 Ibs.

*Rams are wrned in two different dates, Group includes all yearling ewes
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The wool clip sells under the term "original
bag". "Original bag" means that we pro-
duce enough wool that it doesn’t need to be

ooled with other producers’ wool, so our
wool sells as Hamilton Bros. Ranch wool
and how it sells depends on the quality and
consistency of our micron reports. We
belong to the Cal Wool Marketing Assn., 2
cooperative, which acts as our selling agent.
We skirt and class our wool and it is mar-
keted in two lines. Our A line is approxi-
mately 85% of the clip grading 62, 22.0-
23.5 microns, and our Al line is 2 60’ clip,
which is 23.5-24.9 microns. To help us
evaluate our program of selecting for wool
quality, we look at the standard deviation
and coefficient of variation of our wool. On
average, the standard deviation of our A
line wool has been 4.6 to 4.9 and the max-
imum standard deviation for 62s grade
wool is 5.89, On average, the coefficient of
variation of our A line is berween 19 and
20.4%.

As these figures show, the reproductive per-
formance of the Aock is much above the
average, particulatly for large flocks, for
California or for the US. The flecce weights
and fleece quality, and in fact the size and
conformation of the sheep, are much supe-
rior to what many producers would expect
from 3/8 Finn sheep. The increased prolifi-
cacy has no doubt come mainly from the
ineroduction of Finn breeding. The growth
rate, conformation and fleece traits we
believe come from the selection we have
practiced, in choosing the 1/2 Finn rams
used to upgrade the flock to 3/8, and the
ewe and ram selection practiced within the
flock, on the ewe side now for more than
25 years.

Today, when people come to see our 3/8
Finn cross sheep, they can't belicve that they
have that much Finn in them based on their
size, conformation, and wool quality. What
we tell people when they visit our ranch is
that we developed our Finn cross to work
for our operation and that it might not
work for you. If you are going to take some-
thing from our experience, take the idea
that there are a lot of tools available to help
you make improvements to your operation
1o he successful in the sheep indusery.

The single most important factor in the
success of our sheep operation has been the

Finnsheep. Without the benefits of the

Finn, we couldnt have made the changes
that we needed to make to have a chance to
survive in a global market.

Comments added by

G. E. Bradford,
University of California,
Davis

The Hamilton ranch flock represents an
exceptionally successful breeding and pro-
duction operation, and it may be worth-
while to include an interested observer’s
comments on factors that appear to have
contributed to this success.

1.  Clear goals. The Hamiltons recognized
that they needed to increase the num-
ber of lambs weaned per ewe to main-
tain a profitable operation, and have
focussed on that goal throughout.
Emphasis on secondary goals followed
achievemnent of an increase in fertifity
and prolificacy.

2. Systematic evaluation based on per-
formance. Lambing performance of
the first 1/4 Finn crosses was compared
with that of their traditional sheep
before a decision was made to convert
the flock to 1/4 Finn breeding, and the
same step was followed before the deci-
sion to convert to 3/8 Finn. (A similar
approach is currenty under way in the
flock to test the progeny of East
Friesian x Targhee rams, o see if they
can improve milk production and/or
growth rates). In each case, by main-
taining identity of the animals in the
test group, the owners retain the
option to eliminate all animals from
that group if their performance is not
better on average than that of the
group they would replace.

3. Identification of all animals by breed
group, year of birth, eype of birth and
current prolificacy level. Thus, even
without individual identification,
much is known about the pedigree and
performance of each animal.
Combining this with stratification into
flocks to produce replacements and to
be bred to terminal sires permits quite
intense selection on performance,

without individual
records on the ewes,

performance

4. Management has improved to take
advantage of the increased genetic
potential for prolificacy. This has
included more jugs in the lambing
barn, pregnancy checking and separa-
ton of single- and multiple-bearing
ewes, improved supplemental feeding
strategies, and more fostering,

The combinacion of higher genetic poten-
tial for prolificacy from the Finnsheep
breed, consistent selection of rams and ewes
under commercial production conditions,
and improved management, has resulted in
a flock production level estimated ar 30 to
40% above that of average flocks in the
state,
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