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�

Summary

The U.S. sheep industry is complex, multifaceted, and rooted in history 
and tradition. The fortunes of each element of the industry are inex-
tricably linked to the others and depend particularly on the economic 

health and prosperity of the sheep production enterprise.
The dominant feature of sheep production in the United States, and, 

thus, the focus of much producer and policy concern, has been the steady 
decline in sheep and lamb inventories since the mid-1940s. From a record 
high of 56 million head in 1942, inventories on January 1, 2007, declined 
to 6.2 million head, the lowest level in recorded history. No one factor, 
event, or policy change is responsible for the contraction of the industry but 
rather a confluence of forces against which U.S. sheep producers have had 
to struggle. Although producers have little control over many of the forces 
for change in the industry, such as globalization and the growing competi-
tion from other meat and fiber industries in the United States and abroad, 
the prosperity of the industry is not entirely dependent on external forces. 
The various components of the sheep industry have made adjustments, 
invested in new technologies, and improved efficiency. These changes are 
transforming the industry toward a more efficient and competitive future. 
Signs of the transition include the recent slowing of the long-term decline in 
inventories in many range sheep states and the modest growth in many farm 
flock states. Other signs of the industry’s transition are the introduction of 
hair sheep, the growth in direct marketing, and the emergence of the dairy 
sheep industry. Although often described as “an industry in decline,” this 
report concludes that a better description of the current U.S. sheep industry 
is “an industry in transition.”
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�	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

THE COMMITTEE’S TASK

The charge to the committee (see Appendix A) was to review the de-
velopment and current status of the sheep industry in the United States and 
to examine challenges and opportunities for the future. The study was to 
examine factors that have led to the current status (e.g., regulation, prod-
uct pricing, and international trade) and discuss the various challenges the 
industry faces (e.g., disease, predation, genetic resources, land stewardship, 
and international trade and exchange rates). All sectors of the industry were 
to be examined, including meat, wool, live animals, pelts, milk, byproducts, 
and supporting businesses.

The study was in response to a congressional request to the National 
Academies in the Agricultural Appropriations Bill (P.L. 109-97) and was 
supported by funds received from the Economic Research Service of the U.S. 
Department of Agriculture. To prepare its report, the committee reviewed 
previous studies and scientific publications on the sheep industry, examined 
historical and current statistical data, conducted statistical analyses, held in-
person interviews with representatives of key segments of the industry (both 
traditional and emerging), and conducted a survey of wool experts.

KEY FINDINGS

Although specific events, such as the end of World War II and the repeal 
of the National Wool Act, are often given as the cause of the decline of the 
industry, in fact many events and issues have contributed. Some of the more 
often cited factors are:

•	 Labor loss during World War II;
•	 A negative American G.I. experience with mutton during World 

War II;
•	 Changes in regulations and permits for grazing on public lands and 

endangered species regulations;
•	 Competition from other meats and other fibers;
•	 Changes in consumer preferences;
•	 Predation losses;
•	 Loss of the National Wool Act and the Incentive Payment 

programs;
•	 Foreign wool production subsidies;
•	 Competition from imports along with an appreciation of the U.S. 

dollar against Australian and New Zealand currencies in the 1990s; and 
•	 Concentration in the U.S. packing and feeding industries.

Despite the continuing decline in the U.S. sheep industry, there are 
reasons for optimism about the future. Developments have occurred that 
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have made the sheep industry more profitable for some. These developments 
include the following:

•	 Improvements in production efficiency;
•	 Leaner lamb;
•	 Development of further processing of lamb and new packaging 

techniques;
•	 Decline in Australian and New Zealand sheep numbers;
•	 Depreciation of the U.S. dollar; and
•	 Emergence of new and niche markets.

Development and Structure of the U.S. Sheep Industry

Most commercial sheep production in the United States consists of 
two types of operations. Range sheep operations are mostly in the western 
states and consist of relatively large flocks that graze native and unimproved 
pastureland. Farm flock operations are mostly found in the Midwest and 
East. Flocks are smaller than those in range operations and are raised on 
improved pastures and in feedlots. Each system accounts for approximately 
50 percent of the U.S. lamb crop.

Lambs from these two systems are marketed via one of three distinct 
channels, which are described in Chapter 1: (1) traditional, (2) early harvest, 
and (3) direct marketing. Official government data capture information 
about the traditional channel but provide incomplete data about the other 
two channels. As a consequence, it is difficult to obtain reliable information 
on these two industry channels. Anecdotal indications are that both chan-
nels are active and growing in size.

Other products of sheep production include wool, pelts, and milk. Wool 
production, once the mainstay of the industry, has declined even more than 
lamb production. Much of the current U.S. wool production is exported to 
countries with expanding textile industries, such as China and India. Sheep 
pelts enter industrial markets and are either used for various consumer 
products or are exported, primarily to Asia and Europe. There is also a 
small but growing dairy sheep industry in the United States.

The U.S. Live Sheep Industry

Although the sheep industry has been in decline since at least World 
War II, an analysis in Chapter 2 of this report indicates that the decline in 
sheep numbers has slowed significantly and even reversed in some regions 
of the country, especially since 2000. While inventories in some states con-
tinue to erode, those in many other states have now halted their long-term 
decline and show modest growth in aggregate terms. Even in states with 
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declining inventory, the rates of decline have been slower in recent years 
than a decade ago.

One contributor to this transition has been the increase in hair sheep 
and goats. To some extent, hair sheep and meat goats have been substituted 
for wool-producing sheep breeds and mohair goats. Hair sheep are easier 
to care for, more adaptable to humid climates, and eliminate the need for 
shearing.

The survival of the U.S. sheep industry depends on the potential for 
profitability which is affected by various economic factors, such as scale of 
operation, production efficiency, and labor and feed costs. The profitability 
and viability of the industry, however, is also dependent on the potential 
for continued scientific advances to improve profitability in various areas, 
including sheep breeding and genetics (e.g., the introduction of new breeds 
and mapping the sheep genome), improvements in reproductive efficiency, 
and improvements in nutrition. Also important is the sheep-environment 
interface, including sheep grazing behavior, interactions with wildlife (es-
pecially bighorn sheep), and the management of predators.

Commercial success in feeding lambs depends on numerous factors, 
some of which are beyond the control of the producer. A recent example is 
the increase in corn price because of the growth of the ethanol industry. New 
technologies and more efficient management practices are showing promise 
in terms of enhanced production and efficiency and cost reduction.

The process by which live sheep prices are negotiated and determined 
has been an important issue in the commercial sheep production industry 
in recent years. Like other livestock industries, the major issues related to 
pricing are the market dominance of retailers, keen competition from other 
livestock meats, and concentration in feeding and packing. Unique features 
relating to live sheep pricing are the relatively low demand at the consumer 
end of the market, the relative importance of ethnic markets, the loss of a 
large portion of consumer demand to imports, and large losses to predators. 
According to a recent report, most slaughter lambs are now being priced 
using formulas or are packer fed. Thus, rather than being driven by live mar-
kets, the lamb price discovery process now largely reflects carcass or cutout 
values so that price is determined by negotiation or formula related to car-
cass quality. As a result, a significant amount of the risk is shifted from the 
buyer to the seller, especially for pricing based on quality. Mandatory price 
reporting, fully implemented in 2001, has resulted in more price reporting 
for live lambs and lamb meat and made the process of price discovery more 
transparent to all participants.

Productivity increases have been achieved through genetic progress and 
improved nutrition, health, and management practices that have increased 
both the number of lambs weaned per ewe and the harvest weight of lambs. 
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The use of sheep and goats for vegetation management—from targeted or 
prescribed grazing to the control of invasive and nonnative weed, grass, and 
small shrub species and similar practices to protect ecologically sensitive 
areas and residential areas near the urban/wildlands interface—has also 
increased widely. Sheep breeding and genetic improvements have resulted 
in new breeds that perform at higher levels.

 Key opportunities for enhanced industry efficiency and competitiveness 
include:

•	 Continued improvements in productivity through further advances in 
genetics (including gene biotechnology), nutrition, health, and management 
programs;

•	 Forage finishing to enhance lamb’s competitive position relative to 
other red meats as the cost of grains and concentrate feeds continues to rise; 
and

•	 Direct marketing of high-quality, lighter-weight lambs to emerging 
and rapidly expanding ethnic markets.

 
Challenges to sustainable growth and economic competitiveness 

include:

•	 The sheep industry infrastructure suffers the consequences of decades 
of decline in volume; 

•	 Increasing predation problems in wildlife populations in many states 
indicate the need for sheep industry alliances to work closely with wildlife 
agencies and interest groups and with those involved with threatened and 
endangered species management programs;

•	 Problems in pricing and price determination continue to plague the 
industry;

•	 The sheep industry continues to lag behind other livestock industries 
in the adoption of genetic improvement technology resulting in a competi-
tive disadvantage of sheep with respect to other livestock species; and

•	 The share of public and private support for new technology develop-
ment and educational activities received by the sheep industry continues to 
decline relative to other livestock sectors.

Sheep Health Issues

Diseases reduce sheep viability, overall growth, rate of gain, immunity, 
and reproductive performance, which together reduce production efficiency 
and income. There are few data, however, on the economic impacts or the 
true prevalence of most of the disease conditions affecting sheep in the 
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United States. This lack of information makes it difficult to make decisions 
about the allocation of resources and to determine research and policy 
priorities.

Most producers do not implement any type of quarantine, require pre-
movement testing, or take precautions to prevent nose-to-nose contact at 
shows. The industry has the opportunity to improve biosecurity practices 
that will help to reduce the spread of endemic diseases and prevent the entry 
of highly contagious diseases.

According to national surveys, more producers have identified stom-
ach/intestinal parasites (worms) as a great or moderate concern than any 
other disease condition. Although not usually fatal, these internal parasites 
cause substantial economic losses. In addition, the intestinal parasites have 
begun to develop resistance to the anthelmintic drugs used to treat them. 
In the United States, there is a shortage of approved animal drugs intended 
for less common animal species (minor species). The limited availability of 
effective anthelmintics is an example of this shortage. Other diseases that 
have the potential to have a significant economic impact on the U.S. sheep 
industry include Johnes disease, foot rot, and any foreign animal disease 
such as foot and mouth disease.

Scrapie is an insidious, degenerative disease that affects the central ner-
vous system of sheep. Although scrapie is relatively rare in the United States 
(< 0.2 percent of animals are affected), it is always fatal. In addition, there is 
some concern of public health risk, although there is no current evidence as 
such. An outbreak of scrapie may also impede or restrict U.S. sheep exports. 
As a consequence, the United States has had a National Scrapie Eradication 
Program in place since 1952. Over the last 5 years, there has been substan-
tial progress in the effort to eliminate scrapie from the United States.

Important accomplishments in sheep health include reducing the per-
centage of sheep that test positive for scrapie at slaughter (fewer new infect-
ed and source flocks and fewer animals indemnified) and a more complete 
animal identification system than exists for any other livestock species in 
the United States.

Opportunities for minimizing the economic impacts of diseases 
include:

•	 The use of the identification system to monitor animal movement as 
the foundation for an overall flock health program; and

•	 An improvement in biosecurity practices to help reduce the spread 
of endemic diseases and prevent the entry of highly contagious diseases. 

Challenges remain however and include:

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


SUMMARY	 �

•	 Lack of data on the economic impact or the true prevalence of most 
sheep diseases; 

•	 Unavailability of many critically needed drugs; and
•	 A shortage of large-animal veterinarians in many areas of the 

country. 

The U.S. Lamb Industry

Sheep producers sell their lambs to a relatively small number of relatively 
large commercial feeders. As a consequence, commercial feeders have some 
potential market power relative to producers. Feeders sell to an even smaller 
number of packers. Feeders usually have few alternative buyers, giving them 
little bargaining power in dealing with packers. However, packers are at a 
distinct disadvantage in bargaining on price with large retailers and large 
foodservice buyers. Finally, food retailers sell to a large number of consum-
ers. This market structure makes it difficult for value preferences to migrate 
from consumers to producers. Congress has attempted to address this issue 
in two recent pieces of legislation: (1) the Livestock Mandatory Reporting 
Act in 1999 and (2) the Lamb Promotion, Research, and Information Order 
(American Lamb Checkoff Program) in 1996. Research has indicated that 
price changes at the producer/feeder level are almost fully transmitted to the 
wholesale level but not from the wholesale level to the retail level. Although 
there has been concern that the decreased numbers of packers (the four 
largest slaughtering firms accounted for almost 70 percent of the federally 
inspected lamb slaughter in 2005) have affected price spreads or margins, 
studies to date have provided limited evidence that packer concentration 
exerts a significant negative effect on slaughter prices.

Lamb is a relatively minor product in most food stores, occupying only 
1 to 3 percent of meat cases. However, the proportion of meat cases that 
contain lamb has increased and now exceeds 80 percent. Some increased 
penetration of lamb in retail meat cases is good news for the lamb industry, 
in addition to the growing custom and ethnic specialty markets not captured 
in surveys. Buoyed by growing lamb imports, U.S. lamb consumption has 
grown slowly during the last decade, leading to a relatively steady annual 
per capita consumption level of 0.50 to 0.55 kg since the mid-1990s.

Excess fat on lamb carcasses has been a persistent problem for the sheep 
industry. The current market structure and pricing system generally reward 
producers and lamb feeders for weight rather than value based on quality 
and yield grades. The evolution of a yield grade system coupled with car-
cass merit pricing has helped to improve this situation. Numerous modern 
tools to assess the yield of boneless closely trimmed retail cuts are available 
but have not been widely adopted by the industry because of cost and the 
potential to slow the rates of slaughter and processing. Although foodborne 
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illnesses have not affected the lamb industry in the same way as they have 
other meat industries, lamb packers and processors have implemented mul-
tiple screening systems to minimize pathogens. Efforts such as development 
of controlled atmospheric packaging and products that are easy and quick to 
prepare have also been made to enhance the value of lamb products. Lamb 
has a more distinct flavor than most competing meats. Recent research stud-
ies have investigated the source of these sensory properties.

Increasing the demand for lamb is key to the growth and expansion of 
the industry. The traditional argument that American tastes and preferences 
have moved away from lamb may no longer be applicable given the steady 
level of consumption in recent years despite declining production. More 
appropriate now may be the argument, borne out by recent research, that 
lamb is purchased fairly consistently by a small group of consumers and not 
at all by most consumers. Efforts to promote lamb consumption in recent 
years by the American Lamb Board have been shown to be effective. Com-
petition from imports is an important concern for the U.S. lamb industry. 
Between 1990 and 2005, imports increased from approximately 18 million 
to 82 million kilograms. By 2005, imports made up almost half of domestic 
consumption. Competitive advantage in global lamb markets is influenced 
by many factors, such as costs of production, industry infrastructure, and 
currency exchange rates. The U.S. sheep industry has some advantage in 
producing sheep in terms of a natural resource base and a strong cadre 
of supporting industries. Competing successfully with Australia and New 
Zealand may require the U.S. lamb industry to focus on differentiating 
American lamb from imported lamb.

The hanging carcass represents only about half the live weight of a 
lamb. Thus, byproduct markets are an important part of the lamb industry. 
Major byproducts (in addition to wool) include various edible portions of 
the carcass, rendered byproducts, pelts, and lanolin. Additional uses that 
have developed recently include pharmaceutical, research, and waste man-
agement applications. Margins in the lamb packing industry are thin so that 
the profit is often in the sale of the byproducts.

The functioning of lamb markets is affected by a wide range of policies 
and regulations designed to regulate the business practices of those who 
engage in the buying and selling of lamb, including meat inspection laws, 
the Packers and Stockyards Act, and mandatory price reporting. The USDA 
Livestock Risk Protection-Lamb Insurance Policy program is a new price 
risk management tool that provides producers and feeders of lambs with the 
opportunity to insure lambs they own against unexpected price declines. 

The U.S. lamb industry has opportunities for growth, development, and 
enhanced competitiveness:
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•	 Depreciation of the U.S. dollar has enhanced the competitiveness of 
domestic lamb against imports;

•	 The use of alternative marketing arrangements, such as forward con-
tracts or marketing agreements, as opposed to the use of cash transactions, 
is also helping the industry to compete more effectively with imports;

•	 Promotion efforts have been shown to enhance lamb demand; and
•	 Along with a growing presence of lamb in the foodservice sector, new 

markets for lamb products are emerging.

Realizing the opportunities, however, will require the industry to tackle 
a number of difficult challenges:

 
•	 Continued enhancements of production efficiency and reductions in 

cost;
•	 Development of an automated system to assess accurately and uni-

formly carcass value across processors and over time;
•	 Collection of data, such as a retail lamb price series, lamb consump-

tion by country of origin, away-from-home vs. at-home consumption of 
lamb, socioeconomic profiles of consumers in different market areas; and

•	 Research on the retail demand for specific cuts of lamb to assist re-
tailers and foodservice purveyors in pricing and price-based promotion of 
lamb cuts.

The U.S. Wool Industry

At one time, wool was considered the primary product of sheep produc-
tion, with lamb and mutton as byproducts. Today, the situation is reversed. 
Wool is sometimes even considered a “liability” in sheep production. The 
growth of hair sheep production is a reflection of the decline in the relative 
profitability of wool production vs. lamb production. Wool currently ac-
counts for 10 to 30 percent of sheep production income in range production 
systems and < 5 percent in intensive farm flock production systems.

Wool producers use one of three primary market preparation methods 
at shearing (original bag, bellies out and the fleeces not tied individually, 
and table skirted and classed), and one of four primary sales mechanisms 
(wool warehouses, wool cooperatives, wool pools, and private treaties). 
Most U.S. wool is sold as original bag even though the table skirted and 
classed method is recommended for international and premium domestic 
wool markets. The value of wool is influenced by several objective measure-
ments (e.g., fiber diameter, yield, staple length, and vegetable matter) as well 
as several subjective measurements (e.g., color or stains, condition of staple 
tips, crimp, and style or handle).

A number of natural fibers (e.g., cotton, flax, and silk) and synthetic 
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fibers (e.g., nylon, rayon, acrylic, and polyester) compete with wool. From 
1995 to 2005, wool accounted for an average of only 0.6 percent of all 
fibers used by U.S. mills. Furthermore, the domestic mill use of all fibers, 
including wool, has been in a general downward trend reflecting the grow-
ing globalization of the textile industry. International trade treaties, such as 
the General Agreement on Tariffs and Trade, have fostered the decline of 
textile manufacturing in the United States.

The world wool market is dominated by China, which purchases al-
most 50 percent of the world market supply of raw wool and produces 39 
percent of the world’s wool apparel products. More research on pricing and 
income elasticities for wool is critical to ensure an accurate understanding of 
the U.S. and world demand situation for wool. Demand analyses involving 
wool, cotton, and manufactured fiber are necessary both at the mill level 
and at the retail level. World wool market prices are primarily established 
by Australian supply and world demand. Australia produces approximately 
50 percent of the world’s wool sold at auction. Prices for U.S. wool range 
from 60 to 75 percent of imported Australian wool prices. An important 
question for wool producers is whether price differences between Australian 
and U.S. wool are related to differences in the extent of preparation of wool 
for marketing. A hedonic price model was developed by the committee to 
test the hypothesis that skirting and classing wool generally produced higher 
prices compared to original bag wool. The results provide a basis for deter-
mining premiums or discounts relative to the current practice of marketing 
original bag wool. Clearly, producers who do minimal preparation of their 
wool before sale are losing substantial premiums paid for wool that has 
been more prepared for sale.

Wool production and marketing have been affected by several national 
and international policies and regulations. The most significant was the 
National Wool Act (in place from 1954 to 1994), which provided support 
to the domestic wool industry. Other significant legislation has included 
the Multi-Fiber Arrangement (1974), the Agreement on Textiles and Cloth-
ing (1995), the establishment of the American Wool Trust (2000), and the 
Farm Security and Rural Investment Act (2002). The United States is not 
the only wool-producing country that has provided price support for wool 
producers. Price support programs in Australia, New Zealand, and South 
Africa set wool prices well above market levels in the 1980s and early 1990s, 
leading to growing wool stockpiles during that period. These stockpiles are 
now largely gone.

The U.S. wool industry has made some progress in responding to the 
pressures it has faced, including movement toward further preparation of 
wools by producers and public/private collaborative research to develop 
fabrics and garments that are machine washable, more breathable and less 
prickly when worn against the skin, shrink proof, and flame resistant.
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A survey of key wool industry leaders identified several important op-
portunities currently facing the U.S. wool industry:

•	 Economic growth in China and other developing countries leading to 
potentially greater foreign demand for wool apparel goods and less import 
pressure on U.S. markets;

•	 Increased wool premiums through increased preparation of wool; 
and 

•	 Growing markets for specialty wools for hand spinners, yarn for 
weavers and knitters, and other wools such as naturally colored wools.

Survey respondents also identified ongoing challenges to the future 
growth and development of the U.S. wool industry:

•	 Fragmented selling systems, fewer domestic wool buyers, distance-to-
market challenges for producers, greater concentration of the wool process-
ing industry;

•	 A shortage of qualified sheep shearers;
•	 A need to continue the trend toward preparing wool to international 

standards;
•	 Contamination from hair sheep breeds; and 
•	 A lack of financial support for critically needed research. 

The U.S. Dairy Sheep Industry

Although currently a relatively small segment of the U.S. sheep industry, 
dairy sheep production is in the early stages of becoming an economically 
important agricultural industry. Sheep milk is generally produced in areas 
that are great distances from willing milk processors. The formation of mar-
keting cooperatives and the practice of freezing milk in plastic bags in large 
commercial freezers on the farm are helping to resolve the distance issue.

 The United States is the world’s largest importer of sheep milk cheese, 
accounting for about half of world sheep milk cheese exports. A lack of local 
commercial processing factories has led many U.S. sheep producers to make 
cheese on their farms in small batches for direct marketing to individuals, 
food stores, and restaurants. Domestic sheep milk cheeses can also be found 
in many specialty cheese stores and even stores of national grocery chains.

The growth of the domestic industry is the result of the production of 
high-quality milk, the manufacture of high-quality cheeses, and the promo-
tion of those cheeses by both national and state organizations.

Opportunities for the dairy sheep industry include:
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•	 The increasing consumption of sheep milk cheese by U.S. 
consumers;

•	 The growing movement among consumers to eat locally raised and 
produced items; and

•	 An opportunity for small-scale farms because relatively little land is 
required and sheep are small enough to be handled safely by most family 
members.

Future growth of the industry could be limited by:

•	 The lack of either regional or national genetic improvement pro-
grams for dairy sheep traits in the United States;

•	 Limited research and extension support for dairy sheep production, 
sheep milk processing, or sheep milk product marketing;

•	 Limited marketing options; and
•	 Imports of lower-priced sheep milk cheeses. 

Alternative and Emerging Markets

Although the full extent of the changes taking place in the industry 
is difficult to determine, sheep and lamb inventories indicate growth in 
eastern and mid-Atlantic states and in the Midwest, where alternative and 
emerging markets are particularly important. Much of the lamb moving to 
these emerging markets is sourced directly from farms or small abattoirs, 
especially during religious holidays, and is not inspected in federally or 
state regulated facilities or included in official USDA slaughter data. These 
alternative or “niche” markets represent a growth area for the industry. 
Although the East and West coasts are the largest U.S. markets for lamb, 
the consumption of lamb in those areas is skewed toward religious and 
ethnic groups and away from groups with origins in northern Europe. For 
some religious groups, lamb is consumed on a regular basis and has special 
significance for holidays or holy days.

Because there is relatively little information on the importance of 
the ethnic lamb market in the United States, an analysis of the effects of 
ethnic markets on aggregate U.S. lamb demand was conducted as a part 
of this study. The primary conclusions were that Muslim holiday periods 
and Christian and Orthodox Easter increase slaughter levels of lamb and 
yearlings significantly and that the impact of these holidays appears to be 
increasing with time. To the extent that some of this lamb is purchased 
directly from farms and not recorded in official tallies of slaughter, official 
data could underestimate the impact of these religious periods. Other eth-
nic markets of growing importance in some regions of the country include 
Hispanic, Italian, and Greek communities.
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A number of other alternative markets for the sheep and lamb industry 
have emerged, especially during the last 10 years. These product markets 
offer the opportunity for higher producer prices and profit through special-
ized, value-added products, such as organic lamb, specialty cheeses, fine 
wool, and other specialty products with perceived unique qualities. Many 
sheep producers are taking proactive approaches to sell their own products 
directly to customers and foodservice operators and bypass traditional 
marketing channels. Advances in communication systems, especially the 
Internet, have facilitated such direct marketing.

Some high-end restaurants and specialty meat retailers have begun 
buying whole carcasses or quality live animals for custom slaughter from 
producers who meet such conditions as sustainable production, “locally 
grown,” organic, and related characteristics relevant to their customers. 
They price meat cuts to satisfy the local demand and in a way that sells the 
entire carcass.

Opportunities in the nontraditional, emerging, and alternative markets 
include:

•	 The emerging ethnic and religious markets in the major U.S. metro-
politan areas;

•	 Organic, natural, and locally produced lamb; and
•	 Specialty wools. 

Challenges to the expansion of these alternative and emerging markets 
include:

•	 The limited information on these markets, the value chains, and 
product pathways make it difficult to determine market opportunity; and

•	 Regulatory systems, operated either by government or as industry-
established standards, will be needed to support sustained growth.

CONCLUSIONS

Although continuing declines can be expected in some areas of the U.S. 
sheep industry, the changes currently taking place offer grounds for opti-
mism. The emergence of new and alternative markets for sheep products 
signifies that the industry may be on the brink of a transition from tradi-
tional practices and marketing channels to new markets, new technologies, 
new products, and a new consumer base. This offers the potential to arrest 
the decline experienced over the last several decades. Expanding alternative 
and emerging markets will create considerable challenges to the industry 
and to policy makers. However, all these challenges can be addressed by a 
concerted effort from within the industry.
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Development and Structure of the 
U.S. Sheep Industry

The U.S. sheep and lamb industry is one of the most complex in animal 
agriculture. The industry provides lamb meat for U.S. domestic con-
sumption (retail, and hotel, restaurant, and institutional trade) and 

some exports, mutton from older animals, exports of live mature animals, 
wool, pelts, and a variety of byproducts. A relatively new and growing 
industry built on milk from sheep is offering many sheep cheese variet-
ies and yogurt, as well as some products blended with bovine milk. Hair 
sheep, which do not require annual shearing, have been introduced into the 
industry over the past few decades, thereby altering the fixed proportion of 
products common in the lamb-wool-pelt enterprise.

Another part of the U.S. sheep industry is made up of purebred flocks, 
producing high‑quality breeding stock for other purebred breeders and the 
commercial flock. Considerable variation in breeds and breed characteristics 
is evident across the U.S. purebred sheep and lamb industry. Traditional 
European breeds have been the dominant bloodlines in North America 
since the introduction of sheep with the earliest settlers. In the last several 
decades, new and different breeds have been introduced, bringing greater 
variation in animal characteristics, as breeders and commercial sheep farm-
ers have sought to adapt production methods, product characteristics, wool 
length and quality, milk efficiency, and the like to regional conditions. The 
purebred industry is a major source of high‑quality breeding animals for 
the commercial flock, particularly rams, used for crossing with commercial 
ewes. In commercial operations, most producers maintain purebred lines in 
their ewe flock, relying on terminal sire breeds to achieve the characteristics 
desired in their market lambs.
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The dominant feature of the sheep industry and the focus of much pro-
ducer and policy concern over the years, however, has been the steady de-
cline in sheep and lamb inventories since the mid-1940s (Figure 1-1). From 
a record high of 56 million head in 1942, inventories on January 1, 2007 
reached 6.2 million, the lowest level in recorded history. In turn, the decline 
in sheep and lamb numbers has created difficulties in the flow of sheep and 
lamb products through a shrinking marketing system as producers have 
struggled to respond to market signals while maintaining profitability.

This chapter provides some historical background to the discussion of 
the current status of the various segments of the U.S. sheep industry in sub-
sequent chapters. As well, the chapter provides an overview of the linkages 
and interdependencies in the industry inherent in the marketing channels 
or value chain through which sheep and lamb products flow from producer 
to end user.

HISTORICAL DEVELOPMENT OF THE U.S. SHEEP INDUSTRY

The first domesticated sheep were brought to the United States in 1493 
with the second voyage of Columbus. These were largely Spanish Churro 
sheep, which were also later introduced to the southwestern United States 
by the Spanish conquistadores. They were small, hardy sheep with a poor- 
quality fleece by today’s standards. English breeds were introduced by 
colonists to be used primarily for wool for home-produced textiles and, to 
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FIGURE 1-1  U.S. sheep and lamb inventories (January 1), 1867–2007.
Source: USDA (2007b).
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a lesser extent, meat. Some colonies passed laws requiring young people to 
learn how to spin and weave.

Following the Revolutionary War, the United States began to develop a 
viable automated woolen manufacturing industry. With growing importa-
tion of Spanish Merino sheep in the late 1700s and early 1800s, the U.S. 
wool clip began to grow substantially. Woolen cloth manufacturing experi-
enced its greatest growth during the period from 1830 to 1870, particularly 
during the Civil War years of the early 1860s. 

Although many eastern states had large sheep populations in the 1800s, 
sheep production began shifting westward with improved rail transporta-
tion, feed production, and lower production costs in the West. As the indus-
try moved west, wool production from the French Rambouillet, originally 
developed from Spanish Merino genetics, expanded rapidly. By 1870, about 
80 percent of all U.S. sheep were of Merino origin (ASI, 2002).

The U.S. sheep and lamb inventories reached a high of 54 million head 
in 1884 and then declined slowly to a low of about 37 million head in 1923 
(Figure 1-1). Inventories quickly turned around again in the 1920s, peaking 
at 54 million head in 1932 and then reaching an all‑time high of 56 million 
head in 1942. That rapid growth spurred an equally rapid development of a 
marketing system (including feeding, slaughter, milling, and breaking facili-
ties, and distribution and transport systems) to meet the rapidly growing 
demands for meat, wool, and other sheep and lamb products during that 
period. At the same time, the emphasis on sheep production began to shift 
toward meat rather than wool in response to the demand for protein to feed 
U.S. troops during World War II.

As the war drew to a close, U.S. sheep industry fortunes changed drasti-
cally as inventories plummeted over the next several years, bottoming out at 
30 million head in 1950, a nearly 50 percent decline from the record high 
set in 1942. Wool production fell commensurate with the drop in overall 
sheep numbers (Figure 1-2). Following a little more than a decade of relative 
stability, inventories began to decline once again in the early 1960s, a trend 
from which the industry has yet to recover. Although specific benchmark 
events, such as World War II and loss of the National Wool Act, are often 
cited as the cause of the decline in the industry since the 1940s, in fact, many 
events and factors have combined to limit opportunities for growth in the 
industry. Some of the more often cited of these include the following:

•	 Labor loss during World War II. World War II drew a great deal of 
labor out of American agriculture on a permanent basis. This shift affected 
all of agriculture, including the subsequent availability of labor for sheep 
and lamb production. 

•	 American GI experience with mutton during World War II. Lamb 
was relatively common on American dinner plates before World War II. The 
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FIGURE 1-2  Volume and value of wool production, 1909–2006.
Note: 1 pound (lb) = 0.4536 kg. 
Source: USDA (2007b).

experience of American GIs with poor-quality and poorly prepared mut-
ton during the war, however, negatively affected lamb consumption in the 
households of returning military veterans. This trend is widely recognized 
anecdotally. For examples of the attitude toward mutton following the war, 
see Garcia (2004) and Apple (2006). 

•	 Grazing permits and restrictions. The regulations and permits for 
grazing on public lands have changed considerably over the last several 
decades, with impacts on the availability of land for sheep production. This 
challenge to the industry is discussed in more detail in Chapter 2. 

•	 Competition from other livestock and meats. The increased produc-
tion of low-cost feed grains beginning in the 1950s resulted in a rapid ex-
pansion in the production of low‑cost and high‑quality meat products from 
poultry and pork. Similarly, the development of the cattle feedlot industry 
increased both product quality and the profitability of beef production, pro-
viding an incentive to shift from sheep to beef production in many areas.

•	 Competition from other fibers. The advent of synthetic fibers (such 
as polyester, rayon, and acrylic) in the 1950s and 1960s resulted in a grow-
ing substitution of the lower‑cost synthetics for wool, and to a lesser extent 
cotton, in apparel, carpet, and industrial goods. Chapter 5 provides more 
discussion of this issue
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•	 Predation losses. Predation losses have been a concern for many years 
in the sheep and lamb industry, both for range and farm flocks. Sheep, goats, 
lambs, and kids are particularly susceptible to predation, and the changing 
availability or restricted use of many methods used to control predators 
since the late 1970s has been cited as a cause for increased losses from 
predation (Hawthorne, 2004; Shelton, 2004). This issue is explored more 
fully in Chapter 2.

•	 Loss of the National Wool Act and the Incentive Payment programs. 
The National Wool Act, in place since 1955, was repealed in 1993. The act 
provided direct payments and other support through government programs 
to wool producers. Wool sales plus support payments together represented 
28.1 percent of total sheep, lamb, and wool industry revenues in 1990; by 
1997, wool alone accounted for only 6.6 percent of industry revenue, com-
pared to 11.2 percent in 1990. As discussed more fully in Chapter 5, the 
termination of direct payments was a significant loss to wool and mohair 
producers, resulting in a substantial increase in the rate of contraction of 
the sheep and lamb industry (USDA, 1999). 

•	 Foreign wool production subsidies. Support price schemes in Aus-
tralia, New Zealand, and South Africa also contributed to sheep and wool 
market difficulties over the years. Because support prices in those countries 
were set well above market levels, stockpiles of wool occurred, particularly 
induced by the Australian Wool Council in the 1980s and early 1990s. The 
stockpiles of wool, however, gradually were placed on the world market 
over the next decade, which seriously weakened world wool prices through 
at least the year 2000. Prices began to rebound somewhat in 2001 when the 
stockpile liquidation was complete.

•	 Competition from imports. Between 1990 and 2005, imports of 
lamb, primarily from Australia and New Zealand, grew from 18.60 million 
kilograms, about 10 percent of domestic lamb supply, to 81.65 million kilo-
grams, nearly equal to U.S. domestic production and half the total domestic 
supply (USDA, 2007a). In response, the U.S. imposed a tariff rate quota 
(TRQ) on lamb imports from Australia and New Zealand in 1999, which 
was struck down by a World Trade Organization ruling just 2 years later. 
Nonetheless, imports maintained the availability of lamb for U.S. consumers 
at about 0.5 kg per person throughout this period. The role of lamb imports 
in the U.S. sheep industry is explored in more detail in Chapter 4. 

•	 Appreciation of the U.S. dollar against Australian and New Zealand 
currencies. Despite imposition of the TRQ in 1999, lamb imports from 
Australia and New Zealand did not slow down. A possible reason for this 
phenomenon was that the import-restricting effect of the TRQ was offset to 
a large extent by a growing appreciation of the U.S. dollar against Austra-
lian and New Zealand currencies during that period. For example, between 
January 1989 and July 2001, the U.S. dollar increased in value from 1.12 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


20	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

to 1.98 Australian dollars, resulting in a more than 50 percent increase in 
the purchasing power of the U.S. dollar in Australia (RBA, 2007). The con-
sequence was a reduction in the cost of foreign lamb to U.S. buyers and a 
more profitable U.S. market for Australian and New Zealand lamb exports. 
See Chapter 4 for more detail.

•	 Concentration in the U.S. packing and feeding industries. The per-
centage of U.S. lamb slaughter accounted for by the largest four lamb 
packers (the four-firm concentration ratio) jumped from approximately 50 
percent in the mid-1980s to 77 percent in 1988 as a result of various mergers 
and acquisitions in the industry (Williams et al., 1991). One consequence 
was growing concerns that concentration in lamb packing and feeding gave 
market power to packers to control lamb markets and prices. The four-firm 
concentration ratio in the lamb packing industry has since receded to 57 
percent in 2005. Various studies (e.g., Williams et al., 1991; RTI, 2007) have 
failed to find overwhelming evidence of concentration as a primary driver 
in the U.S. sheep and lamb industry. See Chapter 4 for more detail. 

Recent Developments in the Industry

Despite the continuing decline in the U.S. sheep industry, there are some 
reasons for optimism about the future. Developments have occurred that 
have made the sheep industry more profitable for those producers who have 
survived. Genetic improvements, breed resources, management changes, and 
production and technology efficiencies, along with improved postharvest 
marketing strategies, have improved profitability. These and other devel-
opments currently working against decline in the U.S. sheep industry are 
discussed in more detail in later chapters. Some of the more salient of these 
developments include the following:

•	 Improving production efficiency. The average number of lambs pro-
duced per ewe per year has increased from 0.88 in 1940 to 1.12 in 2006 
(USDA/NASS). During the same period, the average carcass weight of lambs 
increased from 18 to 32 kg. Consequently, on an annual basis, sheep produc-
ers are now producing 124 percent more lamb by weight per ewe than in 
1940. As noted in Chapter 2, the genetic potential exists to further increase 
productivity within the various production systems.

•	 More stable level of national sheep inventory. The decline in sheep 
numbers appears to have slowed significantly and even reversed in some 
regions of the country, as discussed in more detail in Chapter 2. While in-
ventories in some states continue to erode, many states have now halted the 
long‑term decline and show modest growth in aggregate terms. The last few 
years exhibit a transition period with growth in the states with farm flocks 
coupled with slower overall decline in the range sheep flocks, contributing 
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to a more stable level in the national flock than has occurred in the past 60 
years.

•	 New packaging technologies. New gas flush and vacuum packaging 
processes, such as SecureFreshTM, are extending the shelf life of fresh and 
chilled lamb by significantly delaying the growth of spoilage organisms. 
Such packaging systems reportedly can increase the storage life of case-ready 
meats by 12 weeks (Food and Pack, 2002). With most existing packaging, 
fresh chilled meat lasts only 4 to 5 days on the shelf. Most U.S. “supermar-
kets have to dump 20 to 30 percent of their fresh meat” because of spoilage 
(Food and Drink, 2002). These new packaging systems have increased the 
versatility of lamb marketing options. Retail and food service markets with 
lower lamb volume now have improved opportunities to merchandise lamb. 
Chapters 2 and 4 discuss this and other new technologies affecting the sheep 
and lamb industry.

•	 Growth of the cull ewe market. The development of the cull ewe 
market in Mexico over the last 20 years, and to a lesser extent the domestic 
market for cull ewe products, has increased the market value of cull ewes. 
As a result, ewe depreciation costs are lower, thus improving profitability for 
sheep producers. As detailed in Chapter 3, the announcements of positive 
tests for bovine spongiform encephalopathy (BSE or “mad cow disease”) in 
the United States in 2003 and again in 2005 led to some reduction in U.S. 
live sheep exports to Mexico. Many producers retained 5- to 6-year-old 
ewes for an additional breeding season during this expansion period. Those 
exports have recently shown signs of recovery with an increase in 2006, the 
first since 2002. 

•	 Recent depreciation of the U.S. dollar against Australian and New 
Zealand currencies. Following its rapid strengthening against the currencies 
of Australia and New Zealand in the late 1990s and early 2000s, the U.S. 
dollar has depreciated just as rapidly against those currencies over the last 
few years as discussed in Chapter 4. For example, from the high of 1.98 
Australian dollars in July 2001, the value of the U.S. dollar dropped to 
only 1.13 Australian dollars by September 2007, a level not seen since May 
1984 (RBA, 2007). When combined with increased transportation costs and 
increased lamb market prices in Australia, the declining purchasing power 
of the U.S. dollar in Australia is helping boost the competitiveness of U.S. 
lamb in U.S markets.

•	 Decline in Australian and New Zealand sheep numbers. The decline 
in U.S. sheep inventories is not a unique phenomenon among leading sheep-
producing countries, as pointed out in Chapter 2. Australian sheep inven-
tories peaked at 173.8 million head in 1990 but declined to 86.8 million 
head in 2007 (Figure 1-3) (ABARE, 2007; ABS, 2007). At the same time, 
New Zealand sheep inventories peaked at 70 million head in 1982–1983 
but declined to 46 million head in 2006 (Figure 1-4) (SNZ, 2006). While 
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FIGURE 1-3  Australian and USA total sheep numbers, 1986–2007 (million head) 
Note: Australia is left axis, United States is right axis.
Sources: USDA (2006, 2007b); ABARE (2007); ABS (2007). Copyright 2007 by 
ABARE (Australian Bureau of Agricultural and Resource Economics). Used with 
permission.

declining by 45.5 percent in an absolute sense between 1990 and 2007, U.S. 
sheep inventories have remained steady in relationship to those of Austra-
lia and New Zealand over that period. In 2006, the U.S. sheep flock was 
6.7 percent of the size of the Australian sheep flock, the same as in 1991 
(ABARE, 2007; ABS, 2007; USDA, 2007b). 

•	 New and emerging markets. Perhaps the most optimistic aspect of 
the U.S. sheep and lamb industry is the emergence of new and niche markets 
for sheep and lamb products, as discussed in more detail in Chapters 5, 6, 
and 7. Among others, these markets include the following:

1. A dairy sheep industry in the early stages of becoming an economi-
cally important agricultural industry. From virtually nothing in the early 
1980s, the dairy sheep industry has developed into a small but growing 
industry, with an estimated 6,478 ewes producing an estimated 1.15 million 
kilograms of milk in 2003.

2. Purebred flocks used in show for club lambs and raised for specialty 
wools. The growth of these markets is supported through active producer 
organizations, local marketing systems, statewide fairs, and new technolo-
gies, such as the Internet, that have reduced the costs of exchanging infor-
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mation in the market and facilitated identification of buyers and sellers of 
the products.

3. Direct marketing by producers with access to inspected slaughter 
plants. This market is being pushed by an expanding ethnic demand for 
lightweight and younger lamb carcasses. However, direct marketing custom-
ers may include local friends and neighbors or purchasers via the Internet 
or other direct mail-order approaches to a broader market. Individual 
producers have cultivated retail and restaurant outlets for their lamb, often 
exceeding their production capacity, and are purchasing lambs from other 
producers that meet their specifications. Although to a lesser extent than for 
lamb, ethnic markets for mutton are also increasing in the United States.

4. Organic and natural lamb and wool products featured by niche 
marketers at a substantial market premium. Although many western range 
lambs would likely meet the requirements for organic or natural products, 
no lamb slaughter plant of significant capacity currently qualifies for the 
production and processing of organic or natural products.

5. Small wool mills, often called mini-mills, that produce for specialty 
wool yarn, wool fabric, and finished wool product markets. Some produc-
ers sell raw wool, often naturally colored, to hand spinners. The number 
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FIGURE 1-4  New Zealand and USA total sheep numbers, 1981–2006 (million 
head).
Note: New Zealand is left axis, United States is right axis.
Source: SNZ(2006).
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of small retail outlets and hand spinners that are listed on the Internet is 
rapidly increasing.

THE U.S. SHEEP INDUSTRY VALUE CHAIN�

The marketing system or value chain through which sheep and lamb and 
their products flow from production to end use is complex and rooted in 
tradition and history. As depicted in Figures 1-5 and 1-6, the U.S. sheep in-
dustry value chain consists of six primary components: (1) farm production, 
(2) feedlot finishing, (3) harvesting and further processing, (4) retailing and 
food service, (5) trade (exporting and importing), and (6) end use (consump-
tion and industrial use). Figure 1-5 depicts the entire sheep industry value 
chain, including trade. Figure 1-6 provides details of the linkages between 
domestic lamb production and use.

Farm Production

Sheep production in the United States is characterized by some very 
large flocks and many very small flocks. In 2005, 0.1 percent of all opera-
tions with sheep accounted for 14.2 percent of the national flock and 1.5 
percent of operations accounted for nearly one-half (47.7 percent) of the 
national flock (USDA, 2007a). For the smaller operations, 92.1 percent of 
the operations accounted for only 31.7 percent of the total flock.

There are two primary types of commercial sheep operations in the 
United States: (1) range sheep operations and (2) farm flocks (Boxes 1 and 2 
in Figure 1-5). Purebred sheep operations are a third type of sheep operation 
located throughout the sheep‑producing states. Some producers maintain 
small purebred flocks as well as large commercial herds for the production 
of purebred breeding rams for sale or replacement, purebred ewes for sale 
to other producers, and for showing. Others specialize in purebred sheep 
production.

Range sheep operations (Box 2 in Figure 1-5) are found principally 
throughout the central and western states where flocks are maintained on 
native and improved pastureland. Sheep production in Texas, Wyoming, 
Colorado, Utah, Montana, Idaho, New Mexico, Arizona, and Nevada 
typify these extensive, large-scale range operations. Often the sheep enter-
prise on these operations is the primary source of income. 

There are two general types of range operations. Range band opera-
tions are typically located in the 11 western states and South Dakota where 
there are vast areas of unfenced public grazing lands. Since the majority of 

�The live animal marketing channel of the sheep industry value chain is discussed in more 
detail in Chapter 2, and the lamb meat marketing channel is discussed in more detail in 
Chapter 4.
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Fig 1-6.eps
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the land utilized by range band operations is unfenced, unimproved, native 
high-mountain and desert pastures, range bands often must move long dis-
tances from season to season and, thus, require on-site herders (Ensminger, 
2002). The competitiveness of range band operations is affected by govern-
ment controls over public grazing lands and changes in public grazing fees. 
Fenced range operations are located mainly in Texas, New Mexico, Kansas, 
North Dakota, Nebraska, and Oklahoma, where there is relatively less 
publicly owned land and the ranges are mostly fenced. Unlike range band 
sheep operations, fenced range producers do not normally utilize on-site 
herders (Ensminger, 2002).

Farm flock operations (Box 1 in Figure 1-5) are found throughout the 
United States but predominate in the Midwest and in the East. Farm flocks 
are typically found on confined, higher‑quality pastures, with considerably 
smaller flock sizes than found in range operations. No state east of the Mis-
sissippi has more than 50 head in average flock size. In California, flock sizes 
are much larger than in the eastern states but are raised in both confined 
pasture conditions and extensive range conditions. 

The range flocks are generally much larger than the more confined pro-
duction systems, with the exception of California. Average flock inventory 
per operation as of January 1, 2005, exceeded 200 head in only a few states: 
Wyoming (478), Arizona (438), California (262), Nevada (250), Colorado 
(225), Idaho (200), and New Mexico (200) (USDA, 2007a). Range opera-
tions in the more arid rangeland states have little capacity to finish lambs for 
harvest on the ranches where the lambs are dropped. These lambs generally 
move to large-scale feedlot systems for finishing on high‑quality rations or 
to high‑quality pasture for finishing before harvest. About half of the U.S. 
lamb crop comes from range operations.

Lambs are normally born in the spring months and remain on pasture 
throughout the summer and early fall with their dams in the majority of 
range production systems. Fall lambing is the norm in California, Arizona, 
parts of Texas, and the southeastern United States. Most of the lambs are 
born in the fall and pastured through the winter months before moving into 
the light lamb trade or as feeder lambs into feedlots or high‑quality pasture 
for finishing. Most farm flock operations lamb in the late fall and winter 
months, when farming activities are minimal. While it is possible to use 
hormones and management to control the estrus cycle in ewes to have a crop 
of lambs more frequently than once per year, this practice is not common 
in the commercial U.S. lamb flock.
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Lamb Marketing Channels

There are three distinct marketing channels for the U.S. lamb crop: (1) 
the traditional lamb marketing channel, (2) the early harvest lamb channel, 
and (3) the direct marketing channel.

The Traditional Lamb Marketing Channel

In the traditional lamb marketing channel, lambs move from range 
and farm flock operations to higher‑quality feeding systems (pasture and/or 
feedlot) at 23–32 kg, and are grown to about 64 kg at harvest (Box 3 of 
Figure 1-5 and Boxes 4 and 5 of Figure 1-6). From discussions with industry 
representatives during this study, about three-quarters of all lambs produced 
in the United States pass through this marketing channel.

Range lambs weigh about 25–40 kg in the fall as they come off pasture, 
at which time they are weaned and conditioned for sale through auction 
markets or direct sales to feedlots throughout the western United States 
(Box 3 in Figure 1-5 and Box 5 in Figure 1-6). These lambs are fed to an 
average weight of 64 kg at harvest. In some cases, the feeding operations 
are owned by ranchers who feed out their own and/or additional lambs, 
either by custom feeding or purchase of feeder lambs from other ranchers. 
In other cases, the larger‑scale packers own and operate their own feedlots 
to ensure continuity of supply and quality of finished lambs. Major auctions 
for feeder lambs take place throughout the central United States, with the 
largest markets serving all aspects of the sheep and lamb trade located in 
San Angelo, Texas.

From the smaller confined systems, lambs may move by auction or 
direct sale to feedlots for finishing, although they are often finished on the 
same farm where they were born. Many of the smaller confined flocks rep-
resent an ancillary operation on farms along with other large enterprises or 
off-farm employment, filling a niche either by using available pasture not 
needed for the other operations or as a sideline where the primary family 
income is generated from off-farm employment. In the smallest of these 
operations, lambs are often sold as live animals directly to customers at the 
farm and may be dressed by the customer before leaving the farm (Box 5 in 
Figure 1-5 and Box 7 in Figure 1-6).

Not all lambs end up in feedlots. Many lambs are forage finished (Box 
1 in Figure 1-5 and Box 4 in Figure 1-6) and sold directly off pasture for 
harvest (Box 4 in Figure 1-5 and Box 6 in Figure 1-6). Higher‑quality feeder 
lambs, weighing 23–36 kg, are regularly direct marketed through brokers 
and buyers to the light lamb markets for commercial harvest, most often for 
consumers in the large urban areas of the East coast, and increasingly in the 
urban areas of Chicago, Detroit, Houston, Florida, and California (Box 5 
in Figure 1-5 and Box 8 in Figure 1-6). Additionally, there is a market for 
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lambs and mature animals across a wide range of weights sold directly to 
consumers at the farm gate. Ewe lambs are retained as replacement ewes 
equivalent to 20 percent of the mature ewe flock each year, both in range 
and farm flock operations. Finally, 4-H Club members represent another 
source of demand for commercial lambs for meat, as well as purebred and 
crossbred replacement lambs. 

In the meat component of the traditional marketing channel, lambs 
move directly from farms and feedlots to harvesters principally through 
auction markets and contract arrangements with growers (Box 4 in Figure 
1-5). Carcasses may be further broken and processed at the harvest facility 
or moved to breakers and further processors in other locations for further 
processing (Box 6 in Figure 1-5). The outputs from these facilities represent 
the meat-case ready consumer products (Box 7 in Figure 1-5), prepared food 
products containing lamb (Box 8 in Figure 1-5), offals (Box 9 in Figure 1-
5), and pelts (Box 10 in Figure 1-5). The meat-based food products from 
the processing industry move directly to retailers and the hotel, restaurant, 
and institutional food markets and for distribution to consumers (Boxes 10 
and 11 of Figure 1-6). Offals generally move to renderers for disposal or 
additional processing, generating industrial and some consumer‑level prod-
ucts (Box 11 in Figure 1-5). Processed pelts are either sold domestically into 
several industries including auto and leather goods (Box 11 in Figure 1-5) 
or exported, mostly to Asia and Europe (Box 12 in Figure 1-5).

Another product coming from farm flock and range operations is cull 
mature animals. These animals, after four to six breeding cycles, are sold 
for meat (mutton). A large portion of the cull animals historically has gone 
to Mexico as live animals, although this trade diminished substantially from 
2003 to 2005 due to trade restrictions following the identification of BSE in 
cattle (Box 13 in Figure 1-5) and the increased retention of older ewes for 
breeding. The export of live animals began to recover in 2006. Cull animals 
are also harvested and processed in the United States, generating meats 
mostly for inclusion in prepared foods, as well as generating pelts and offal 
for further processing (Box 14 in Figure 1-5). A small share of lamb and 
mutton food products is exported (Box 15 in Figure 1-5).

Breakers and further processors also rely on growing imports of lamb 
carcasses and cuts for their supply (Box 16 in Figure 1-5). The retail and 
foodservice sector also directly imports consumer-ready lamb and prepared 
food products containing lamb (Box 17 in Figure 1-5). About one-half of 
the 170.5 million kilograms (retail weight equivalent) U.S. lamb and mut-
ton supply in 2006 came from imports, almost all from New Zealand and 
Australia (USDA, 2007c). While lamb imports have been growing, domestic 
production has been declining, leaving annual domestic per capita consump-
tion stable at about 0.5 kg in recent years, considerably below the annual 
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domestic per capita consumption levels of broilers (39.5 kg), beef (29.9 kg), 
pork (22.4 kg), and turkey meat (7.7 kg) in 2006 (USDA, 2007d).

The Early Harvest Lamb Channel

The second marketing channel for lambs involves the movement of 
better‑quality lambs, mostly 23–36 kg in weight, coming from range and 
farm flock production systems and moving to commercial and noncommer-
cial harvest for direct sale to consumers (Box 5 in Figure 1-5). These lambs 
represent meatier, more heavily fleshed animals, raised on higher‑quality 
pasture and forage than their counterparts raised on lower‑quality range 
forage. Few official data systems for lambs provide detailed information 
on this market. According to two active participants in this market, lambs 
are continuously sourced across all major markets in the United States for 
transport to small abattoirs near large urban centers, such as Newark and 
New York City (committee discussions on April 12, 2007 with Sam Ferarra, 
New York City, and Susie and Omar Mady, American Halal Fresh Meats, 
Newark, NJ). One of the participants reported handling up to 2,000 head 
per week throughout the year. Many early harvest lambs are sourced and 
harvested on behalf of consumers and, hence, fall outside official data col-
lection requirements on lamb movements and harvest. Lamb from these 
operations is most often moved as whole carcass to small meat shops and 
farmers’ markets that cater to ethnic, religious, and high‑end consumers. 
Rarely do the products from these operations enter the large grocery retail 
or restaurant chains. In many cases, the relationships between the broker, 
harvester, meat shop, and consumer are of long standing, based on a range 
of attributes including family, ethnic, religious, and local customs. Based on 
anecdotal evidence, which is the only information currently available on this 
growing marketing channel, the early harvest lamb market is quite active 
and growing, expanding beyond the traditional East and West Coast urban 
areas to other major U.S. urban centers.

The Direct Lamb Marketing Channel

The third lamb marketing channel is the direct sale of live lambs at the 
farm gate to individual consumers. In some cases, the lamb is dressed at the 
farm by the buyer. There are virtually no data on these operations because 
most fall below the minimum requirements in farm sales for reporting and 
most represent ancillary operations in rural areas in relation to other farm 
enterprises or off-farm wage employment. Again, anecdotal evidence sug-
gests that the buyer-seller relationship is often one of long standing, with 
customers spreading the knowledge of the existence of sellers and the quality 
of the product primarily by word of mouth. With virtually no direct evi-
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dence in official statistics on this lamb marketing channel, the importance, 
size, and growth of this market channel are difficult to determine. Although 
USDA provides estimates of on-farm harvest of lambs, the figures indicate a 
continuing decline in numbers while market participants report a growing 
market. These latter two lamb marketing channels are further explored in 
Chapter 7.

The Effect of Lamb Pricing on Lamb Marketing

The pricing of lambs of all weights reflects the pattern common in the 
cattle industry. Even with most calves born in the spring, a steady supply of 
beef is maintained throughout the year. By earlier entry to feedlots, or by 
delayed entry and feeding to heavier weights, the production industry can 
spread the resulting product across the entire year. However, this process is 
more difficult for the lamb industry. While cattle arrive at harvest from 18 
to 24 months on average, lambs have only up to 5 to 14 months from birth 
to harvest. Fall- and winter‑born lambs assist in smoothing out the supply 
of lambs throughout the year, providing feeder and finished lambs offset 
from the lamb production in the rest of the country.

As with cattle, the prices of feeder and finished lambs throughout the 
year are closely linked. Consider the following simple example. Suppose 
a feeder lamb of 30 kg is purchased with the intent of feeding it to 60 kg 
as a finished lamb. If the expected price for the finished lamb is $2.00/kg 
and the total or “all-in” cost of each kilogram of gain is $1.60/kg, then the 
maximum price in the market for the feeder lamb must be less than $2.40/kg 
if the finisher expects to make money. The lower (higher) the cost of each 
kilogram of gain, the higher (lower) the price for the feeder lamb will tend 
to move. If the cost of a kilogram of gain on a light lamb of 20 kg is less 
than the cost of a kilogram of gain on a 40-kg lamb, then the lighter the 
feeder lamb, the higher its price will tend to be in the market relative to the 
price of the heavier feeder lamb. This relationship is demonstrated clearly 
by O’dell et al. (2003).�

The first two lamb marketing channels interact directly in the markets 
and pricing for feeder lambs. The traditional demand by lamb finishers 
dominates this market although the early harvest lamb marketing channel 
competes directly for the higher‑quality feeder lambs ready for immediate 
harvest. Because of the demand by immediate harvesters for feeder lambs, 
this component seems to establish the top prices in the market with the 
poorer‑quality lambs needing more time on high‑quality feeds to make a 
quality product, establishing the average prices in the market. 

With these pricing arrangements, the recent increase in corn prices is of 

�See Figure 17 in O’dell and related discussion in particular.
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considerable interest. Corn is by far the most common feed grain for finish-
ing lambs (as is the case for cattle and swine) in the United States. Based 
on the increased price of corn, the value of feeder lambs can be expected 
to weaken. Thus, an increasing share of feeder lambs is likely to move to 
high‑quality pasture for finishing rather than to feedlots, so long as there is 
not a concomitant increase in pasture cost. Given the recent forecast for a 
long-term rise in grain prices in a study conducted by the Organisation for 
Economic Co-operation and Development and the Food and Agriculture 
Organization (OECD-FAO, 2007), considerable pressure for change in lamb 
marketing channels is likely. The demand for feeder lambs for immediate 
harvest can be expected to strengthen because of lower feeder lamb prices 
with fewer feeder lambs going to feedlots.

The Wool and Pelts Marketing Channel

For almost all breeds of sheep, wool is a product from farm and ranch 
sheep operations. Mature animals are sheared annually in the spring months 
with the wool moving into raw wool processing through auctions, coop-
eratives, and private brokers (Box 18 in Figure 1-5). Little wool is graded, 
sorted, and baled at farm level, although the percentage is increasing in the 
larger western range flocks. A considerable proportion of the wool produced 
is exported, primarily to China, India, and Germany, where it is fabricated 
into textile products, either as pure wool or blended with other fibers (Box 
19 in Figure 1-5). These products enter clothing, carpet, and industrial 
product markets.

A large share of the wool products consumed in the United States is 
imported, both as raw and processed wool as well as finished clothing and 
other products containing wool (Box 20 in Figure 1-5). Over half the U.S. 
wool production is exported and U.S. imports of wool are roughly equal to 
domestic production (USDA, 2006). The proportion of U.S. wool produc-
tion sold as exports is increasing, while wool imports are decreasing, indi-
cating a declining level of wool textile and carpet production in the United 
States (Box 21 in Figure 1-5). For example, U.S. exports of wool in 2003 
were double the export level in 2000, while imports of raw wool fell by 25 
percent over the same period. Chapter 5 provides more information on the 
development and current status of the wool industry.

A small market exists for cottage industry spinning and weaving for 
locally produced and specialty wools. While tiny in comparison to the 
traditional U.S. wool market, this market provides some evidence of an 
ongoing transition of the U.S. wool industry as a whole. See Chapter 7 for 
more detail.

Sheep and lamb pelts are also produced from the harvest of sheep and 
lambs (Box 10 in Figure 1-5). Pelts are the hide with unshorn wool. These 
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pelts enter industrial markets and some are used in consumer products (Box 
11 in Figure 1-5). Other pelts are exported, primarily to Asia and Europe 
(Box 12 in Figure 1-5).

The Dairy Sheep Products Marketing Channel

Finally, there is a small but growing dairy sheep industry in the United 
States, based mostly on breeds of sheep with good milk production efficiency 
(Box 22 in Figure 1-5). Farm flocks for milking sheep are located primarily 
in Wisconsin, Minnesota, New York, and Pennsylvania, although new flocks 
are being established in a number of areas. The ewes begin milking as early 
as 48–72 hours after lambing, and the lambs are fed milk replacements. In 
some cases, partial milking begins soon after lamb drop and may continue 
for a month before full milking begins.

Sheep milk cheeses and yogurts are sold at the farm/cooperative level 
as well as at farm markets and small outlets in many cases. Some of the 
emerging cooperatives are now selling through the large retail chains. The 
United States is the largest importer of sheep milk cheeses in the world, 
largely from Europe, which are mostly sold through the large retail chains 
to consumers. The U.S. Department of Agriculture provides no data on this 
emerging industry. Chapter 6 provides a review of the dairy sheep industry 
in the United States.

THE U.S. Sheep and Lamb Industry in Transition

The long-term decline in sheep inventories is the dominant feature of the 
U.S. sheep industry to most observers. Although continuing declines can be 
expected in many areas of the industry, there are some reasons for optimism. 
The decline in animal numbers seems to have slowed substantially and even 
reversed in some regions for a number of reasons, as discussed in subsequent 
chapters. Furthermore, new and different products are emerging from this 
industry, such as dairy sheep products. Sheep and lamb marketing channels 
are changing as well. The traditional marketing channel may expect further 
declines in volume while new and different marketing channels are emerging 
and growing stronger. This transition in the industry is relatively new and 
will take several years to be fully realized.
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2

The U.S. Live Sheep Industry

An evaluation of the current economic status of the overall U.S. sheep 
industry must begin with an examination of the live sheep compo-
nent that anchors the U.S. sheep industry value chain as outlined 

in the previous chapter. The live sheep component of the supply chain en-
compasses all functions and processes required to raise and feed sheep and 
lambs and deliver them to packers for slaughter. The process begins with 
breeding, which generally occurs only during specific times of the year. The 
typical biological cycle results in the majority of lambs being born in the 
spring. After weaning, some lambs intended for specific markets for young, 
lighter‑weight lambs are sent directly to slaughter. Other lambs are put on 
forages to increase frame size and body weight, before being sent to feedlots 
and placed on grain-based rations. The remaining lambs are finished on 
high‑quality forages. Finished lambs, also known as slaughter or fat lambs, 
are sent to packers where they are slaughtered, and the pelts and offal are 
separated from the edible products. 

Although affected by a wide variety of forces relating to demand, policy, 
trade, price, and much more, the economic condition of the downstream 
components of the sheep value chain is most critically dependent on the 
economic fortunes of the live sheep component of the chain. Changes in 
sheep production technology and pricing, or health issues, for example, 
ripple all the way downstream from live sheep markets through the various 
components of the value chain. Consequently, this chapter evaluates the 
current status of the live sheep industry with a focus on the primary factors 
driving the industry with the exception of factors relating to sheep health, 
which are examined in detail in Chapter 3. Following an examination of live 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


38	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

sheep production, feeding, trade, pricing, and policies in the United States, 
the chapter concludes with a summary discussion of the major accomplish-
ments and future opportunities as well as the key challenges facing the live 
sheep component of the U.S. sheep industry.

U.S. SHEEP PRODUCTION

In the United States, sheep and lambs are raised primarily in small farm 
flocks in the Midwest and the East and on larger ranching operations in the 
West. Market lambs are the primary source of income for sheep producers, 
with some additional income being generated from the sale of wool and 
cull ewes and rams. 

Sheep Inventory and Operations

The five largest states in terms of sheep inventories are Texas, Cali-
fornia, Wyoming, Colorado, and South Dakota (inventories by region are 
shown in Table 2-1). Over one‑third of all sheep (34.1 percent) are found in 
the mountain‑range states of Colorado, Montana, South Dakota, Utah, and 
Wyoming. Together, these states, along with Texas and New Mexico and the 
western states of Arizona, California, Idaho, Nevada, Oregon, and Wash-
ington, account for nearly 70 percent of all U.S. sheep and lambs, but only 
37.1 percent of U.S. sheep operations, indicating clearly that the U.S. sheep 
industry is still primarily dominated by range sheep production systems. An 
estimated 25 percent of the national sheep inventory spends a significant 
portion of the year grazing on western public land permits managed by the 
Forest Service of the U.S. Department of Agriculture (USDA) and the Bureau 
of Land Management (BLM) of the U.S. Department of the Interior (USDI) 
(ASI, 2002). In contrast, midwestern and eastern states account for roughly 
30 percent of all sheep and lambs but nearly two-thirds (62.9 percent) of all 
sheep operations, indicating that more intensive smaller farm flock produc-
tion systems are the norm in these two regions (Table 2-1). 

Productivity (lambs produced per 100 ewes) is much higher in the 
confined, intensive systems of the Midwest and East (Table 2-1). The lower 
level of productivity in the range states is primarily due to their extensive, 
low‑input production systems and higher predator losses. The Mountain 
states have a higher level of productivity than the other range states primar-
ily because they still utilize shed lambing systems. 

Approximately half of all U.S. sheep are found on farms with fewer than 
500 head of sheep and the other half on farms with more than 500 head 
(Table 2-2). Even though sheep numbers are evenly divided between large 
and small operations, the latter account for most of the sheep operations in 
the United States (98.4 percent). Consequently, only about 1.6 percent of all 
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sheep operations account for half of all U.S. sheep inventories. These larger 
operations are almost exclusively range sheep operations in the western part 
of the United States (Figure 2-1). 

Industry sources suggest that sheep and lamb numbers may be as 
much as 10 percent higher than reported by USDA.� Although not well 
documented, this view is widely held in the industry and may be due to the 
following: 

•	 National Agricultural Statistics Service surveys include operations 
with farm income of at least $1,000. An increasing number of small-scale 
sheep flocks exist on farms with little or no earnings from their sheep op-
erations or do not report the small income earned from sheep for various 
reasons. 

•	 Animal slaughter is reported for inspected slaughter plants where 
animals and carcasses are individually inspected. Sheep and lambs may be 
slaughtered at home or in local noninspected plants. Custom slaughter for 
specialty markets such as halal and kosher slaughter in inspected plants may 
not be reported if the carcasses are not individually inspected, which is not 
required for custom slaughter. 

�Committee members interviewed several sheep producers, livestock market representatives, 
lamb order buyers, specialty lamb market processors, wool handlers and processors, sheep 
product vendors at various levels, and others on an informal basis as part of this project to 
obtain industry views on the status of the U.S. sheep industry.

TABLE 2-1  U.S. Sheep Inventories, Productivity, and Operations by 
Region, January 1, 2006

Regiona

All Sheep and Lambs Breeding 
Sheep

Market 
Sheep

Lambs per 
100 Ewes

Sheep Operations

Number Share Number Share

(1,000 
head) (%)

(1,000 
head)

(1,000 
head) (head) (1,000) (%)

1 1,280 16.5 800 480 104 9,060 13.5
2 1,470 18.9 980 490 83 8,000 11.8
3 2,650 34.1 1,460 1,190 121 8,000 11.8
4 1,200 15.4 665 535 135 14,270 21.1
5 1,170 15.1 730 440 125 28,250 41.8
Total U.S. 7,770 100.0 4,635 3,135 112 68,280 100.0

  aStates included in regions as follows: 1 = Arizona, California, Idaho, Nevada, Oregon, and 
Washington; 2 = New Mexico and Texas; 3 = Colorado, Montana, South Dakota, Utah, and 
Wyoming; 4 = Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota, and Oklahoma; 
5 = All other states.
Source: USDA (2007g).
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FIGURE 2-1  Geographic distribution of U.S. sheep and lamb inventories, 2002.
Source: USDA (2002).

TABLE 2-2  U.S. Sheep Inventories and Operations by Flock Size, 
January 1, 2006

Flock Size (head)

Item 1–99 100–499 500–4,999 5,000+ 

Inventories (%) 28.7 22.0 33.8 13.5
Operations (%) 90.8   7.6   1.5   0.1

Source: USDA (2007g).

Sheep and Lambs - Inventory: 2002

1 Dot = 1,000 Sheep
and Lambs

United States Total
6,341,799

New 2-01

•	 The number of suburban small farms of 1–5 acres is increasing. 
Many of these farms may have 5–10 sheep as “lawn mowers” or “weed 
eaters.” Also, they may have sheep to maintain their agricultural property 
tax exemption. Lambs produced from these flocks may be primarily used 
for home consumption or bartered for other goods or services. 
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•	 Youth 4-H or Future Farmers of America sheep projects may be 
viewed by farm owners as youth income, rather than farm income, and may 
or may not be reported. 

Sheep and lamb inventories include breeding sheep (ewes, rams, and 
replacement lambs) and nonbreeding sheep and lambs. Breeding stock as a 
percentage of total sheep and lambs has been declining over the years from 
about 97 percent in the late 1800s to a low of 72 percent in 2001, reflecting 
the increasing productivity of U.S. sheep breeds and a general trend toward 
disinvestment in sheep production (Figure 2-2). The phase-out of wool price 
supports under the Wool Act between 1992 and 1994 led to a major sell-off 
of breeding stock as the profitability of wool production declined sharply. 
As a consequence, the share of total inventories accounted for by breeding 
stock tumbled from around 85 percent in the early 1990s to 73 percent in 
1995 (Figure 2-2). The breeding stock share of inventories has stayed at 
about that same level since that time. 

Transition in the Regional Distribution of Sheep Inventories 

A dominant characteristic of the sheep industry since at least World War 
II has been the steady decline in sheep and lamb inventories (see Chapter 1). 
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FIGURE 2-2  Breeding stock as a percent of total sheep and lamb inventories, 
1867–2007.
Source: Calculated from data in USDA (2007g).

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


42	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

Focusing on the change in aggregate numbers over time, however, conceals 
an important recent phenomenon in the industry that is changing the tradi-
tional national pattern of sheep production. A simple trend analysis of the 
sheep inventory data indicates that the decline in sheep numbers has slowed 
significantly and even reversed in some regions of the country.� Analyzing 
the two periods of 1989–2000 and 2001–2007, the compound annual rate 
of change in sheep and lamb inventories by state was calculated and com-
pared in the two time periods and across all states for which there were 
continuous data series. The remaining states were aggregated as a single 
region. For the 1989–2000 period, the estimated coefficients of the time 
trend variable for all states and the total U.S. are negative, and strongly so 
in many cases, indicating a continued negative rate of change in inventories 
during that period. 

For the more recent years of 2001–2007, however, the results differ 
substantially, indicating that many states are no longer in decline in sheep 
and lamb inventories. Figure 2-3 shows a comparison of the rates of change 
in inventories by state over the two periods. In four states (California, Utah, 
North Dakota, and Nevada), the rates of decline are larger for the more 
recent period of 2001–2007 than for the 1989–2000 period. As well, New 
Mexico shows little change in the rate of decline between the two periods. 
These five states represented 19.6 percent of total U.S. sheep and lamb 
inventories on January 1, 2007. For most states with larger shares of the 
national flock, the rates of decline have abated substantially. The United 
States as a whole appears to be still in decline for the period, although the 
rate of decline in inventories has slowed from over 4 percent to less than 2 
percent annually. In addition, over the last 4 years (2004–2007), total U.S. 
inventories have been relatively stable. 

Several states showed positive rates of inventory change for the 2001–
2007 period, including Pennsylvania, Wisconsin, Michigan, Oklahoma, 
Missouri, New York, Virginia, and the “Other States” category in Figure 
2-3. This group of states represents over 16 percent of U.S. sheep and lamb 
inventories. For all other states, the annual rates of change in 2001–2007 
were less than half the rates during the 1989–2000 period. In the case of 
Texas, for example, the rate of decline in inventories during 2001–2007 
was –1.7 percent compared to –4.6 percent during the earlier period. Al-
though the smallest in terms of sheep and lamb inventories, the Other States 
category, which includes those states for which continuous data were not 

�The analysis used a simple time trend, semi-log regression to calculate the rates of change 
in U.S. sheep inventories by state for the two periods of 1989 to 2000 and 2001 to 2007. The 
regression model was: log Yij = αi + βi Xij + εij where Yij = January 1 inventory of all sheep 
and lambs for state i in year j and Xij = time trend (1 for first year, 2 for second year, . . .) for 
state i in year j. 
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FIGURE 2-3  Rates of change in sheep and lamb inventories by state, 1989–2000 
and 2001–2007.

available for the full period of 1989 to 2007, exhibited the second fastest 
inventory growth during the more recent years. 

Clearly, considerable change is taking place in growth rate and location 
of U.S. sheep and lamb inventories. While inventories in some states con-
tinue to erode, those in many other states have now halted their long-term 
decline and show modest growth in aggregate terms. The last few years 
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may be the beginning of a transition period in which growth in farm flocks 
is coupled with a slower overall decline in range sheep flocks, contributing 
to a more stable level in the national flock than has occurred in the past 
60 years. 

A major contributor to this transition is the increase in hair sheep 
production in Texas and the farm flock states. These states have also expe-
rienced increases in meat goat production. To some extent, these transitions 
have been due to substitutions of hair sheep and meat goats for wool-pro-
ducing sheep breeds and mohair goats, but some farms have added hair 
sheep and/or goat enterprises. Benefits of hair sheep and goats include 
their adaptability to humid climates, elimination of the need for shear-
ing (shearers are sometimes difficult to find), increased ethnic demand for 
lighter‑weight slaughter lambs and goats, and their use in weed and brush 
control programs. Hair sheep and meat goat breed shows and exhibitions 
have also been significant contributors to this increase. However, there is 
concern that selecting these animals on the basis of subjective evaluation 
may be detrimental to selection for their desired “easy care” attributes.

The Profitability of Sheep Production 

Decisions made by lamb producers determine the supply of feeder 
lambs each year and, ultimately, the supply of lamb meat. Each year, sheep 
producers assess the prices and net returns received from feeder lambs and 
decide whether and how many ewes to slaughter or retain as capital stock 
for breeding purposes. The decision to retain ewes for breeding indicates 
optimism on the part of producers about market conditions. By the same 
token, the decision to sell ewes for slaughter indicates that producers may 
not anticipate high enough prices to hold back a significant number of ewes 
for future production. Other factors, such as low rainfall and available for-
ages, may also affect decisions on ewe retention. 

Examples of production costs and returns are presented in Table 2-3 for 
a 3,000-ewe public land range sheep production operation in Nevada and 
in Table 2-4 for a more intensively managed 50-ewe farm flock enterprise 
in Wisconsin. Although there are numerous variations of both range and 
farm flock sheep production systems in terms of size and management, and 
profitability may differ with each variation and from year to year, these two 
examples suggest that sheep production has been profitable in recent years, 
on the average for operations of this size using the depicted management 
systems. The major difference in these examples is that labor and manage-
ment costs are the largest expense for public range operations at 39 percent 
of all expenses, while family labor provides the labor for farm flock enter-
prises and is not considered an “out of pocket” expense. However, family 
labor has an opportunity cost for alternative economic activities that is not 
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TABLE 2-3  Enterprise Budget for Public Land Range Sheep Operation: 
2006 Expense and Income Analysis for a 3,000-ewe Range Production 
System 

Item Per Ewe ($) Total $

EXPENSES
Labor (herder, plus support at lambing) 20.00 60,000
Management (owner oversight or employed manager) 10.00 30,000
Public land lease (10 months/year) 3.25 9,750
Public land maintenance and improvements	 1.00 3,000
Facilities and equipment depreciation, operation, maintenance 9.00 27,000
Supplemental feed, minerals, private pasture management 8.00 24,000
Ram costs 3.00 9,000
Vaccination, medication, internal and external parasite control 5.00 15,000
Water hauling (varies from 1 to 4 months of year) 2.00 6,000
Shearing 3.00 9,000
Marketing lambs, wool, cull ewes 4.00 12,000
Guardian and herding dog expenses	 1.00 3,000
Operating capital interest 2.00 6,000
Predator control (direct expenses, contributions to state programs) 2.00 6,000
Miscellaneous, including dues and subscriptions 2.00 6,000
	 Total Expenses $75.25 $225,750

INCOME
0.95 lamb sold/ewe × 40.72 kg/lamb × $2.21/kg 85.50 256,000
4.53 kg wool/ewe × $3.09/kg 14.00 42,000
0.15 cull ewe × 59.09 kg × $0.66/kg 5.85 17,550 
Wool Loan Deficiency Payment @ $0.33/kg 1.50 4,500
	 Total Income $106.85 $320,550

Return on investment $30.60 $91,800
Investment costs (animals, equipment, facilities, etc.) $180.00 $540,000
Estimated return, investment, and risk (%) 17.0 

Break-even cost per kilogram of lamb sold (wool and cull ewe income constant) = $1.5465

Explanation of Budget:
  •	 Of the 5 producers interviewed for this analysis (17,000 ewes total), lamb sales varied 
from 0.9 to 1.1 lambs per ewe at average weights from 38.6 to 47.6 kg per lamb at prices 
from $2.09/kg to $2.38/kg. Includes an average of 0.2 ewe lambs per ewe (20%) retained as 
replacements.
  •	 Lambs sold and sale weights may vary ± 5% due to climatic conditions, predation, and 
seasonal forage quantity and quality. Lamb sale prices have been relatively stable for these 
producers, and wool prices have almost doubled during the last 3 years. 
Source: Update of the Standardized Performance Analysis (SPA) project initiated by Oltjen 
and Glimp (1992). 
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TABLE 2-4  Enterprise Budget for a 50-ewe Farm Flock Sheep Enterprise: 
2006/2007 Operating Costs and Income 

Item Per Ewe ($) Total $

EXPENSES
Feed
Hay and grain 39.31 1,966
Salt and minerals 2.25 112
Supplemental feed for finishing lambs 20.16 1,008
Pasture maintenance 8.00 400
Health program
Internal and external parasite control 8.96 448
Vaccinations 4.24 212
Other veterinary medications, services 5.20 260
Shearing 3.64 182
Ram replacement 6.00 300
Bedding straw 6.24 312
Marketing and transportation 7.95 398
Supplies 5.20 260
Manure disposal 7.00 350
Building maintenance 6.00 300
Interest on operating expenses 3.90 195
	 Total operating expenses 134.05 6,703

INCOME
1.4 Lambs/Ewe @ 59.09 kg/lamb × $2.09/kg 172.90 8,645
Cull ewes and rams 16.53 826
Wool 2.50 125
Wool loan deficiency payment 1.25 62
Unshorn lamb pelt payment 1.44 72
	 Total operating income $194.60 $9,730

Return on land, labor, and investment $60.56 $3,027
Investment costs (animals, facilities, equipment, land improvements) $338.00 $16,900
Estimated return to labor, investment, and risk (%) 17.9 

Break-even cost per kilogram of lamb sold (wool and other income constant) = $1.6237 

Source: Thomas (2007). Copyright 2007 by David L. Thomas. Used with permission.

included in these calculations. If family labor costs are included, many small 
farm flocks may be only marginally profitable; however, a sheep enterprise 
may be a more economically competitive use of farm family labor than other 
possible enterprises. 

Because most range operations up to 5,000 ewes are managed by the 
owner, the return on investment and management for those operations 
would be higher than that shown in Table 2-3 by $10 per ewe, or 18.9 per-
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cent, with a lower break-even price per kilogram of lamb sold of $1.4606/kg 
($0.6625/lb). The major advantage to farm flock enterprises is their ability 
to sell heavier harvest‑ready lambs and more lambs per ewe because of their 
higher feed inputs (52 percent of expenses) and low family labor costs. The 
public land range operation has the advantage of lower feed (15.5 percent 
of expenses) and facilities costs, and economies of scale such as lower vet-
erinary and marketing costs per ewe. Increasing ewe productivity can be a 
major factor in enterprise profitability, but increased income from produc-
tion increases must exceed cost inputs.

Variations in range sheep production systems include higher inputs of 
labor and facilities with shed lambing and supplemental feeding in most of 
the Intermountain states with higher‑quality forage resources on summer 
rangelands that increase both number and weight of lambs weaned per ewe, 
to the extensive low‑input private rangelands range sheep operations in 
western Texas and New Mexico that result in lower productivity. Although 
not documented in this analysis, profitability of these variations may be 
similar to the range enterprise presented in Table 2-3. Farm flock enterprises 
are the primary sheep enterprise in the eastern United States and are also 
quite common in the western states in irrigated valleys and in higher rainfall 
regions such as northern California, Oregon, and Washington. Farm flock 
sheep operations may vary from 5 to > 500 ewes with the norm being from 
5 to 50 ewes. The major difference is that range flocks of > 1,000 ewes are 
considered an important business enterprise, while farm flocks of < 100 ewes 
may be considered a secondary enterprise on the farm. 

Commodity cash receipts for sheep, lamb, and wool products at the 
farm level in 2006 were estimated at about $497.7 million, with wool ac-
counting for about 5.1 percent of this amount (USDA, 2007a). In relation to 
all commodity cash receipts, sheep, lambs, and wool account for only 0.21 
percent of commodity receipts for farms, and only about 0.42 percent of 
all animal/livestock receipts. In a few states, the share of total cash receipts 
for sheep, lambs, and wool is 1 percent or more, including Colorado (2.1 
percent), Utah (1.5 percent), and Montana (1.0 percent). 

Many factors impact the profitability of sheep production in the United 
States. Although U.S. wool prices are 20–30 percent below world market 
prices for comparable wool grades, prices have doubled since 2000 (see 
Chapter 5). Government programs, including the wool loan deficiency pay-
ment (LDP) program and payments for retained replacement ewes in 2004 
and 2005, have supported profitability and encouraged industry expansion. 
A number of other external and internal factors contribute to industry prof-
itability, among which the most salient are the following: 

•	 Scale of operation. There are numerous advantages to sheep enter-
prises larger than 1,000 head. Input costs such as vaccines, drugs, trans-
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portation, and labor may be half the cost per animal for a 1,000‑head flock 
compared to a 100‑head flock. Perhaps as important is that producers with 
large flocks view sheep as a primary business enterprise and, consequently, 
strive for increased efficiency in their operations. Producers with small 
flocks, on the other hand, generally consider sheep as a secondary enterprise 
with lower returns to investments in productivity increases. 

•	 Distance and access to markets. Transportation costs, feedlot and 
slaughter plant locations, and distance from major production areas to 
major areas of consumption can affect profitability. As inventories have 
declined and production has become more geographically dispersed over 
time, the numbers of auctions, feedlots, and slaughter plants have declined 
as well, while the average distance that animals must be hauled to market 
has increased. Small flock producers are particularly disadvantaged in their 
access to major auctions and traditional buyers. 

•	 Labor cost and availability. Sheep producers are required to have 
herders with their sheep while their sheep are grazing on public lands. Labor 
is the largest expense of sheep production for these producers. Since the do-
mestic availability of herders is low, U.S. Department of Labor H2A work 
visa permits have been used to bring herders in from other countries. With 
homeland security concerns, the time required to obtain a work visas has 
increased from 1–2 months to 3–6 months (WRA, 2007). A similar prob-
lem exists with obtaining temporary work visas for highly qualified sheep 
shearers who have historically come to the United States from Australia and 
New Zealand during their southern hemisphere winter off-season. Lack of 
available sheep shearers in states with lower sheep numbers has resulted in 
producers either quitting sheep production or shifting to hair sheep or meat 
goat breeds (see Chapter 5). 

•	 Feed costs. Feed costs may account for over 50 percent of all ex-
penses in intensive sheep production systems (Thomas, 2007). Increasing 
use of feed grains for ethanol production may impact lamb feedlot costs of 
gain. An increasing cost for feed could shift emphasis in finishing lambs for 
slaughter from feedlots to high‑quality pasture and alfalfa and other crop 
aftermath grazing. Increased feed grain prices could also discourage lamb 
feeders from overfeeding lambs to excessive fat levels because of cheap 
gain costs. Higher feed grain costs could have a larger impact on the cost 
of poultry and pork production than on sheep production, which would 
improve the competitive retail margin of lamb relative to those of other 
meats products.

•	 Wool. Wool is now of minor importance to more intensive sheep 
production systems and may even be considered a liability within some 
breeds and locations. However, in range sheep production systems where 
limited feed resources can limit the weight of lamb weaned per ewe, wool 
is more important to the sheep enterprise. The sheep breeds best adapted 
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to range production systems with limited feed resources also tend to be the 
best wool‑producing breeds (see Chapter 5).

Sheep Genetics and Breeds 

Sheep are thought to have been domesticated over 10,000 years ago 
from captured animals from the wild breeds of sheep in central Asia. Since 
domestication, sheep have evolved through selection to meet humans’ needs 
for meat, wool, and milk for cheese production. They have been selected to 
be adapted to specific environments as well as for specific product needs. 
The breeds adapted to range production systems, including the Rambouil-
let, Merino, Targhee, and Columbia breeds, have strong flocking instincts, 
meaning that they will generally be together, at least within sight distance 
of others in the flock when grazing and will bed down together at night. 
Breeds such as the Suffolk, Hampshire, Dorset, and Polypay, on the other 
hand, are adapted to more intensive pasture and crop production systems 
and generally do not have strong flocking behavior. 

Genetics 

Early selection was based primarily on desired phenotypic traits, de-
pending on the needs and desires of the breeder and their communities 
and clientele. The 20th century was the major transition period to perfor-
mance-based selection for desired traits. Advances in technology to improve 
selection for traits to improve growth and reproduction, for example, have 
resulted in the weight of lamb produced per ewe to more than double in 
the last 60 years. Lamb meat is now also leaner and more nutritious. Milk 
output by dairy sheep breeds for cheese production has experienced similar 
productivity increases. Although the wool yield per animal has not increased 
to the same extent as meat yield in the United States, wool productivity has 
advanced in other countries like Australia. All of the economically impor-
tant wool traits are highly inheritable and can be improved more rapidly 
than most traits. 

Production economics have, to a large extent, dictated selection empha-
sis within specific countries and environments. Adaptability to the environ-
ment in which the animal is expected to produce is still probably the most 
important economic trait. Multiple advances in environmental adaptability 
have been made, such as improvements in growth and reproductive traits 
in range breeds that evolved initially for wool production. Specialized sire 
breeds have been developed that permit crossbreeding all or a portion of 
the range flock ewes to increase the weight of lamb produced per ewe while 
maintaining the hardiness and the wool production of the foundation ewe 
flock. Hair breeds have been imported for use in the more humid and 
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subtropical environments and in regions with inadequate number of sheep 
shearers, where wool may be a liability. Dairy sheep breeds, developed in 
the more traditional sheep milking regions of Europe, have supported the 
development of this new industry in the United States. 

The sheep genome is being mapped and, when completed, will provide 
the foundation for future genetic improvement in the sheep industry. Gene 
markers for a number of important economic traits are being intensively 
investigated. A few have already been identified, such as the gene marker 
for superfine wool by New Zealand scientists and a group of markers that 
can be used to select for internal parasite resistance. An increasing number 
of gene markers will likely be identified in the future that will improve the 
industry’s ability to accelerate genetic progress. The continued development 
of gene markers will require close working relationships between scientists, 
producers, economists, and investors to identify research priorities and 
to validate the potential markers identified. The application of this new 
knowledge will be essential to future global competitiveness of the U.S. 
sheep industry.

Sheep Breeds 

The most recent edition of the Sheep Production Handbook lists 49 
breeds of sheep in the United States (ASI, 2002). There are some recent im-
ports, however, such as the Lacaune, Charollais, and Ile de France, that are 
not listed. Consequently, there are currently over 50 breeds of sheep in the 
United States, among which there is a large amount of variation in body size, 
appearance, and the amount and quality of meat, wool, and milk produced. 
The wide variety of breeds allows producers to choose the breeds that best 
meet the requirements of a specific production environment or market situa-
tion. However, the wide variety in breeds utilized in this country has resulted 
in wide variation in the type and quality of lamb and wool marketed. 

Sheep breeds in the United States can be grouped according to principal 
function or use: 

•	 General purpose breeds. These are breeds with a good balance be-
tween meat and wool production and adaptability to a reasonable range 
of environmental conditions. Such breeds may be the best choice for small 
flocks where the logistics of a crossbreeding program are not feasible. Some 
breeds in this group are Dorset, Montadale, and Polypay. 

•	 Maternal range breeds. These are the predominant U.S. breeds in 
terms of total population numbers. In general, they are characterized by 
good adaptability to more difficult environments, above average fleece 
weight and quality, and longevity. Ewes of these breeds are found primarily 
in the range areas of the western United States, including the Merino, Ram-
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bouillet, Targhee, and Columbia breeds, and crosses among these breeds. 
Maternal range breeds such as the Romney are also found in the coastal hill 
areas of the Pacific Northwest. 

•	 Prolific maternal breeds. The Finnsheep and Romanov breeds set 
themselves apart from other breeds because of the very large numbers of 
lambs born to a ewe at each lambing. Many Finnsheep and Romanov flocks 
will average three or more lambs per ewe. In addition, these two breeds 
are noted for a very young age at puberty and for excellent newborn lamb 
vigor. These breeds are often crossed with general purpose and range breeds 
in order to produce crossbred ewes with greater lamb production for farm 
flock production systems. 

•	 Sire breeds. The most important characteristics of these breeds, used 
primarily to sire crossbred market lambs, are large mature size, rapid growth 
rate, superior muscling, and lower carcass fat. The Suffolk and Hampshire 
are the dominant breeds in this group. Less common sire breeds include the 
Oxford, Shropshire, and Texel. 

•	 Dairy breeds. These are breeds that are milked with machines as are 
dairy cows and dairy goats. The milk is processed into specialty cheeses and 
yogurts. Dairy sheep production is a relatively new industry in the United 
States (see Chapter 6). There were no specialized dairy breeds in this country 
until the 1990s. Two dairy breeds that excel for milk production have been 
imported from Europe: the East Friesian and the Lacaune. 

•	 Hair breeds. These breeds do not produce wool but, instead, have 
a hair coat like that of cattle. They were developed in the humid tropics 
where a wool coat would be a disadvantage. They are adapted to a hot, 
humid climate, and tend to be more tolerant of internal parasites than many 
wool breeds. They are popular in the southeastern United States where 
wool sheep are not well adapted and among a growing number of flock 
owners throughout the United States who have responded to the low value 
for wool and the high cost of shearing. Hair breeds in the United States are 
Dorper, White Dorper, Katahdin, St. Croix, Barbados Blackbelly, and Royal 
White. 

•	 Specialized wool breeds. These breeds are raised primarily to pro-
duce colored fleeces or fleeces with other unique characteristics desired by 
fiber artists, hand spinners, or weavers. Breeds in this group tend to be 
the long-wooled breeds (breeds that grow wool with a long fiber length). 
Longer-fibered wool is somewhat easier to spin than shorter-fibered wool. 
Some breeds in this group include Shetland, Icelandic, Lincoln, and Border 
Leicester. 

•	 Hobby or rare breeds. The majority of the 50‑plus breeds of sheep 
in the United States are not used in commercial production to any great 
extent and, therefore, contribute little to the national supply of meat, wool, 
or milk. The hobby breeds are found almost exclusively in small purebred 
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flocks and are generally raised for competitive exhibition. Owners of the 
elite flocks of these breeds sell a large portion of their sheep as breeding 
animals to other purebred breeders. The less successful breeders sell the 
majority of their animals as market animals. Although some hobby breeds 
are found in relatively large numbers relative to other breeds (e.g., South-
down and Cheviot), their primary reason for existing is still exhibition and 
not the production of food and fiber. Some breeds of sheep are recognized 
by the American Livestock Breeds Conservancy as rare (e.g., Romeldale, 
American Jacob, Cotswold, and Navajo-Churro) and in need of preserva-
tion (ALBC, 2007). While the hobby and rare breeds contribute very little 
to current supplies of sheep products, they may possess traits of importance 
to production in the future. Germplasm from several breeds of sheep, in-
cluding both minor and major breeds, has been collected and preserved for 
possible future use through the National Animal Germplasm Program of 
USDA (USDA, 2008). 

Crossbreeding is a common practice in the production of market lambs. 
In the western range flocks, only enough of the ewes of the maternal range 
breeds (Merino, Rambouillet, Columbia, or Targhee) or crosses among these 
breeds are usually mated to rams of these breeds to produce the number of 
replacement females needed to maintain flock numbers—about 40 percent 
of the ewe flock. The remaining ewes are mated to rams of the sire breeds 
(Suffolk or Hampshire) to produce more desirable market lambs. A similar 
crossbreeding system is often used in larger farm flocks but with ewes that 
will produce more lambs than the maternal range breeds. The ewe flock 
may be composed of general purpose breeds or crossbred ewes produced 
by mating the prolific maternal breeds of Finnsheep or Romanov with the 
maternal range breeds or general purpose breeds. In these farm flocks, 25 
to 30 percent of the ewes must be bred to produce the replacement ewes 
and 70 to 75 percent of the ewes can be mated to Suffolk or Hampshire 
rams for the production of market lambs. One challenge with these cross-
breeding systems is the poor fitness and lack of longevity among rams of 
the traditional sire breeds, which increases costs of producing commercial 
market lambs. 

An increasing number of range producers are breeding all of their ewes 
to maternal range breed sires and becoming specialized producers of replace-
ment ewes. These replacement ewes are sold to other range producers who 
prefer to purchase all their replacements ewes and breed all ewes to terminal 
sire breed rams for the production of market lambs. 

Most breeds of sheep are represented by a national breed association. 
The primary purpose of the breed association is to maintain pedigree re-
cords on animals of the breed and to provide breeders and owners of these 
purebred animals with registration papers as proof of breed purity. These 
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associations also promote their respective breed to the commercial sheep 
industry and potential new purebred breeders, set standards for acceptable 
breed type, and sponsor shows and sales for their breed. 

An estimate of the number of registered purebred breeding sheep can be 
obtained by using the number of new purebred animals registered each year 
(an average of 81,474 for 2005 and 2006) (Table 2-5) and making some 
reasonable assumptions about the lamb production of registered ewes (1.20 
lambs raised per ewe mated), the proportion of male lambs registered (20 
percent), the proportion of female lambs registered (40 percent), and the 
ewe‑to‑ram ratio among purebred‑registered breeding sheep (15:1). These 
assumptions yield an estimated U.S. population of registered purebred 
breeding sheep in 2005–2006 of 241,000, or about 5.3 percent of the total 
U.S. breeding sheep inventory. This relatively small population of registered 
purebred sheep has a large influence on the genetic potential of the U.S. flock 
since most of the ewes and lambs in commercial flocks are only one or two 
generations removed from a purebred registered ram. 

A recreational purebred sheep industry has developed among the reg-
istered purebred flocks in which animals are valued more for their ability 
to win shows and less for their ability to efficiently produce meat, wool, 
or milk. Although especially the case for “hobby” breeds of sheep, many 
of the flocks raising registered purebred animals of the breeds commonly 
used in commercial sheep production also are involved in this recreational 
purebred sheep industry. While the use of purebred sheep primarily as show 
animals provides an interesting recreational activity for many adults and 
youth and a lucrative source of income for some breeders, the recreational 
use of purebred sheep provides little of benefit to the commercial sheep in-
dustry. Recreational purebred sheep are selected primarily on conformation 
traits that are not highly correlated with the efficient production of meat, 
wool, or milk. The genetics from many of these sheep eventually reaches 
commercial sheep flocks. 

Table 2-5 presents the top 10 breeds among the number of pure-
bred registrations in 20‑year intervals from 1965–1966 to 1985–1986 to 
2005–2006. In some cases, the numbers in Table 2-5 are not indicative 
of the relative number of animals of a particular breed in the U.S. sheep 
population. For example, there are more sheep of the maternal range breeds 
(Rambouillet in particular) in the United States than any other breed, but 
most are nonregistered purebreds, individuals of a high percentage of one 
of the maternal range breeds, or crosses among the maternal range breeds 
in large range flocks. The two maternal range breeds listed in Table 2-5 
(Rambouillet and Columbia) never rank first in number of registrations but 
always follow the sire breeds of Suffolk and Hampshire, the primary breeds 
of rams used to sire commercial market lambs in the United States. Part of 
the reason for the high registration numbers for Suffolk and Hampshire 
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TABLE 2-5  Top 10 Sheep Breeds with Annual Number of Purebred 
Registrations at 20-year Intervals, 1965–1966, 1985–1986, and 
2005–2006

Average of 1965 and 1966a

Rank Breedc
No. of 
Registrations

% of Total 
Registrations

  1 Suffolk 32,314 27.9
  2 Hampshire 26,168 22.6
  3 Corriedale 12,448 10.7
  4 Southdown 8,986 7.7
  5 Columbia 6,502 5.6
  6 Shropshire 6,352 5.5
  7 Dorset 6,070 5.2
  8 Rambouillet 5,742 4.9
  9 Cheviot 3,274 2.8
10 Montadale 2,718 2.3

Top 10 breeds 110,574 95.3
All breeds 116,011 100.0

 
Average of 1985 and 1986b

Rank Breedc
No. of 
Registrations

% of Total 
Registrations

% Change from 
1965–1966

  1 Suffolk 65,133 44.7 101.6
  2 Hampshire 16,325 11.2 –37.6
  3 Dorset 13,672 9.4 125.2
  4 Rambouillet 12,189 8.4 112.3
  5 Columbia 7,756 5.3 19.3
  6 Southdown 4,820 3.3 –46.4
  7 Corriedale 4,477 3.1 –64.0
  8 Shropshire 3,435 2.4 –45.9
  9 Polypay 3,408 2.3 NAd

10 Montadale 2,764 1.9 1.7

Top 10 breeds 133,979 92.0 21.2
All breeds 145,638 100.0 25.5

relative to the maternal range breeds is their popularity as recreational show 
sheep, especially in market lamb or club lamb shows. However, changes over 
time in the number of registrations and rank in registrations of breeds are 
generally indicative of the popularity of that particular breed in commercial 
sheep production. 

Total purebred registrations decreased by 34,537 (–29.8 percent) ani-
mals over the 40‑year period from 1965–1966 to 2005–2006 (Table 2-5). 
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However, there was not a constant decrease over this period because the 
number of registrations halfway through this period in 1985–1986 was 
actually higher than in either 1965–1966 or 2005–2006. The percentage 
decrease in total sheep inventory during this 40‑year period was over twice 
as great as the percentage decrease in purebred registrations. This suggests 
that registered sheep numbers were not reacting to the same factors or in the 
same manner as the total sheep inventory. Many purebred sheep are in small 
flocks with little potential for generating significant amounts of income or in 
flocks that are maintained for competitive exhibition and recreation. Such 
flocks are less affected by external economic factors than larger commercial 
flocks so it is not surprising that trends in purebred registration numbers 
and total sheep inventories differ. 

Eight breeds (Suffolk, Hampshire, Dorset, Southdown, Rambouillet, 
Columbia, Shropshire, and Montadale) were among the top 10 breeds for 
registration numbers in all three time periods (Table 2-5). Between 1965–
1966 and 1985–1986, Polypay replaced Cheviot, and between 1985–1986 
and 2005–2006, the two hair breeds of Dorper and Katahdin replaced Cor-
riedale and Polypay in the top-10 group. Both Dorper and Katahdin have 

Average of 2005 and 2006b

Rank Breedc
No. of 
Registrations

% of Total 
Registrations

% Change from 
1965–1966

  1 Suffolk 13,428 16.5 –58.4
  2 Hampshire 8,784 10.8 –66.4
  3 Dorset 8,729 10.7 43.8
  4 Dorper 7,020 8.6 NAd

  5 Southdown 5,793 7.1 –35.5
  6 Katahdin 5,316 6.5 NAd

  7 Rambouillet 3,472 4.3 –39.5
  8 Columbia 2,950 3.6 –54.6
  9 Shropshire 2,607e 3.2 –59.0
10 Montadale 2,064 2.5 –24.1

Top 10 breeds 60,163 73.8 –45.6
All breeds 81,474 100.0 –29.8

  aMead (1967).
  bDeakin (2007).
  cBreeds in bold type were among the top 10 breeds in registration numbers at all three time 
periods.
  dBreed associations for the Polypay, Katahdin, and Dorper breeds were not present in 
1965–1966.
  eNumber of registrations for the Shropshire breed was not available for 2006.
Sources: Mead (1967), ASI (2002), and Deakin (2007).

TABLE 2-5  Continued
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had increases in number of registrations in most years from the time their 
registration numbers were first reported in 1996 and 1995, respectively 
(Deakin, 2007). The Dorset was the only breed present in 1965–1966 that 
posted an increase in registration numbers over the past 40 years (+43.8 
percent) and is evidence of the breed’s popularity as a general purpose breed 
for commercial production (Table 2-5). 

In 1965–1966 and 1985–1986, the top 10 breeds represented over 90 
percent of total registrations among all breeds. In 2005–2006, however, the 
top 10 breeds accounted for only 74 percent of total registrations, indicating 
a growing interest in recent years in the breeding of minor breeds or new 
breeds among hobbyists, breed preservationists, and hand spinners. There 
are more breed choices today than there were 40 years ago. Registration 
numbers were reported for 17 breeds in 1965–1966 (Mead, 1967), rising 
to 33 breeds in 2005–2006 (Deakin, 2007). The most significant change in 
breed composition of the national flock in the past 10 years has been the 
increase in number of hair sheep and hair sheep crosses during a time when 
the national sheep inventory and purebred sheep registrations have declined. 
Population numbers of hair sheep and their crosses are not collected by 
USDA; however, an indication of their popularity can be determined by 
examination of purebred registrations (Deakin, 2007). From 1997 to 2006, 
the total number of registrations of animals of all purebred breeds decreased 
by 19 percent (from 95,523 to 77,340 head), and the top four wool breeds 
(Suffolk, Hampshire, Dorset, and Southdown) decreased by 32 percent 
(from 52,686 to 36,035 head). Hair sheep breed registrations, on the other 
hand, increased by 246 percent from 1997 to 2006 (from 4,032 to 13,944 
head) and accounted for 18 percent of all purebred sheep registrations in 
2006. The popularity of hair sheep has been due to their “easy care” nature. 
They do not require shearing, are more tolerant of internal parasites (Wil-
deus, 1997), and are comparable or superior in ewe productivity (weight of 
lamb weaned per ewe mated) to many wool breeds, especially in hot, humid 
environments (Bunge et al., 1995). A negative effect of the growth in hair 
sheep numbers has been increased hair contamination of the national wool 
clip with fleeces from hair-wool sheep crosses and with fleeces from wool 
sheep in mixed flocks of wool sheep and hair sheep (Talley, 2008). 

The National Sheep Improvement Program (NSIP) is available to breed-
ers of purebred sheep to calculate estimates of genetic merit of individual 
sheep across flocks for the economically important traits of fleece weight, 
staple length, fleece grade, direct weaning weight, indirect weaning weight 
(milk), postweaning weight, and number of lambs born. In addition, some 
breeds have developed specific estimates of genetic merit for traits with 
special importance to their breed such as ewe productivity (weight of lamb 
weaned per ewe lambing) and fecal egg count (indicator of internal parasite 
resistance). Access to NSIP is through a sheep breed association or a group 
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of breeders of a particular breed who will take responsibility for collection 
of the performance data, put it in a form needed by NSIP, and submit it to 
NSIP for analysis. 

Flocks enrolled in NSIP have shown positive genetic changes over time 
for economically important traits. As an example, Figure 2-4 presents the 
expected progeny difference (EPD), the estimate of improved genetic merit 
identified by NSIP, for 60‑day and 120‑day weights from 1986 to 2005 of 
Polypay sheep in flocks enrolled in NSIP. A doubling of the EPD is an esti-
mate of genetic merit of an individual animal. Polypay lambs born in 2005 
were expected to be about 0.91 kg heavier at 60 days and 1.81 kg heavier at 
120 days than Polypay lambs born in 1986 because of genetic improvement. 
Most of this gain came in the past 8 years, probably because the breeders 
had more confidence in the use of EPDs when making selection decisions in 
later years after they had some experience in their use and value. 

The earliest users of NSIP were the Targhee, Suffolk, and Polypay 
breeds. More recently, the Dorset, Hampshire, Katahdin, Rambouillet, 
Columbia, and Romney breeds have joined NSIP. In 2005–2006, records 
from approximately 110 flocks, including 7,000 ewes and 11,000 lambs, 
were processed by NSIP across these nine breeds. The Katahdin breed was 
represented with the most flocks (34). Four of the breeds (Hampshire, 
Rambouillet, Columbia, and Romney) had five or fewer flocks represented 
(Notter, personal communication, 2007). While estimates of genetic merit 
from NSIP will aid in the genetic improvement of the U.S. sheep population, 
the participation numbers indicate that fewer than 20 percent of U.S. sheep 
breeds and a minority of breeders within these breeds are using the genetic 

FIGURE 2-4  Expected progeny differences (EPD) for 60-day weight and 120-day 
weight of Polypay lambs in flocks enrolled in the National Sheep Improvement Program 
and born between 1986 and 2005 (1 pound [lb] = 0.4536 kg).
Source: NSIP (2007). Copyright 2007 by NSIP (National Sheep Improvement 
Program). Used with permission.
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technology available through NSIP. For the most part, selection decisions 
in U.S. purebred sheep flocks are based on a visual, subjective evaluation of 
the appearance of an animal or within-flock performance records (e.g., fleece 
weight, fleece grade, lamb body weights, and/or ewe litter size) that yield 
less accurate estimates of genetic merit than those available from NSIP. As 
a result, genetic progress in the U.S. sheep population is less than could be 
the case if existing genetic technology were more widely utilized. 

Reproductive Efficiency and the Sheep Production Cycle 

Reproductive efficiency is the most important economic trait in sheep 
production. It is a complex trait that includes seasonality of mating, ovula-
tion rate, fertilization of ova by sperm, embryo implantation and survival 
to parturition, and the birth of live, healthy lambs. The gestation length 
in sheep ranges from 140 to 155 days, depending on breed, fetal number, 
and other management factors. Sheep are generally considered seasonal 
breeders. As the day length decreases (increases), estrus and ovulation rates 
increase (decrease). 

Although there are exceptions, breeds developed and managed closer 
to the equator tend to have less seasonal breeding restrictions than breeds 
developed and managed in regions with greater seasonal variation in day 
length. Breed variations in reproductive efficiency range from the Finnsheep 
breed that averages over 3 lambs per ewe to breeds developed in more arid, 
harsher environments that may average less than 1.5 lambs per ewe. Because 
the gestation length averages 150 days, and lambs may be early weaned 
at 60 days or less, the potential for at least 3 lamb crops in 2 years exists. 
However, most production systems are planned for lambing to occur when 
the highest‑quality forage resources will be available to meet the increased 
nutrient needs for lactation and lamb growth. 

The sheep production cycle may vary due to production system, avail-
able nutrient resources, climatic constraints, available labor, and other 
enterprise activities on the farm or ranch. Reproduction is the first stage of 
the cycle and includes several critical points (NRC, 2007): 

•	 Premating “flushing.” Producers may set aside or provide high-
er‑quality feed resources for 3–5 weeks before the breeding season to im-
prove ovulation rate and mating success. 

•	 Pregnancy. The breeding season is normally 35–40 days or two ewe 
estrus cycles. Embryo implantation occurs approximately 21–25 days after 
the ewe becomes pregnant. Higher‑quality feed resources and minimum 
stress are critical during this period. 

•	 Gestation. Gestation length may vary from 140 to 155 days. After 
implantation, ewes are managed to maintain or slightly increase body 
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weight for the next 75–80 days. Most of the increase in fetal weight is dur-
ing the last trimester of pregnancy. Good nutrition is more critical during 
this period. 

•	 Parturition. Lambing systems vary from “lock the gate and do not 
disturb” in much of New Mexico and Texas, to managed range lambing 
systems in portions of the western states, to intensive shed lambing systems 
in many of the Mountain states and the Midwest. The lambing season 
normally lasts 40–45 days. Managing nutrient needs, minimizing climatic 
stress, and controlling predators are critical during this period. 

•	 Lactation. The peak nutrient demands in all sheep production sys-
tems are from the last 2–4 weeks of gestation through the first 6–8 weeks of 
lactation to optimize fetal and lamb growth and ewe milk production. Most 
production systems plan lambing to be synchronized with peak production 
of high-quality forages. This may result in April and May lambing in the 
western and northern states, and November and December lambing in the 
South, Southwest, and Mediterranean climate regions where higher‑quality 
pasture and forage crops are available in the fall and winter. 

•	 Weaning. Weaning age may be as young as 5–30 days in sheep dairies 
and may range from 60–100 days in more intensive production systems with 
more expensive feed costs. Most range production systems wean lambs at 
an average age of 120–150 days. 

Although many lambs may be ready for slaughter at weaning, most will 
require additional growing and/or feedlot finishing before slaughter (Figure 
2-5). Lambs may reach slaughter weight and condition postweaning by graz-
ing on high‑quality forages such as improved grass-legume pastures, wheat 
and other small‑grain pastures, and crop residues such as alfalfa. Heavier 
feeder lambs at weaning and lighter‑weight lambs after postweaning graz-
ing will be finished in feedlots where they will receive concentrate-based 
diets. After weaning their lambs, ewes are usually culled for age and other 
production problems such as physical defects or poor lamb performance. 
The ewe flock will then be managed to maintain body weight until the pre-
mating flushing period.

Environmental Impact and Management 

Livestock species strive to survive, thrive, reproduce, and be produc-
tive in the environment within which they are placed. Appropriate grazing 
or improper overgrazing may occur depending on management practices 
followed by the producer. Historically, sheep overgrazing occurred on both 
private and public rangelands. On private lands, producer experience, 
education programs, and state and federal incentives for range and pas-
ture improvements, such as water capture and distribution, fencing, and 
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other restoration practices, have generally improved both land and animal 
productivity. Public lands were inappropriately grazed in many areas prior 
to the Taylor Grazing Act of 1934, which resulted in issuance of grazing 
permits to producers that control season of use, stocking rates, flock man-
agement, and herding requirements. Federal public land grazing permits 
are administered by the USDI BLM and by the U.S. Forest Service (USFS). 
State-owned lands may also issue livestock grazing leases on certain lands. 
This section reviews both the potentially positive and negative impacts of 
sheep grazing management practices and the impacts of public policies and 
their implementation. 

Sheep Diet and Grazing Behavior� 

Because of diet preferences and their resulting selective grazing patterns, 
individual animal species may cause shifts in plant communities (Rector, 
1983). For example, sheep may prefer forbs and grasses in the spring and 
early summer and shift to shrubs and mature grasses in the late fall and 
winter, while cattle may consume some forbs in the spring and some shrubs 
in the fall but primarily prefer grass communities. Grazing only sheep may 
result in a shift to grass plant communities, whereas grazing only cattle may 
result in a shift to shrub and forb plant communities. Goats will consume 
some grasses and forbs, but generally consume a larger amount and a wider 
range of shrub species than do sheep.

Dramatic increases in invasive plant species and their impacts on the 
integrity and health of natural resources in the United States have been 
documented (Westbrooks, 1998; Pimentel et al., 2000; Gaskin and Schaal, 
2002). Others have shown that prescribed grazing using sheep and/or goats 
can control invasive plant species and restore healthy plant communities 
(e.g., Glimp and Haug, 2004). A recently published handbook on grazing 
was designed as an education manual for producers interested in using pre-
scribed grazing practices and for land managers who may want to utilize 
sheep and goat grazing for invasive species control, grazing firebreaks, and 
other rangeland restoration practices (Launchbaugh, 2006).

The dietary overlap between sheep and other herbivores including 
cattle, goats, deer, and elk is generally considered moderate to low, depend-
ing on the available plant community (Cook, 1985). Optimum plant species 
diversity and animal performance tend to occur when properly managed 
multispecies grazing is utilized (Glimp, 1988; Walker, 1994). In states with 

�The Sheep & Goat Research Journal published a special issue in 1994 titled “The Role 
of Sheep Grazing in Natural Resource Management” which stimulated both research and 
education programs on appropriate sheep management practices to enhance natural resource 
management.
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mostly private lands, where fee hunting is economically important, foraging 
relationships between domestic and wildlife species are important to the 
land manager. In western states with large public land holdings, wildlife are 
generally managed by the state, yet federal land managers are responsible 
for land management. Conflicts often occur when wildlife populations are 
not controlled, thus requiring land managers to reduce livestock grazing to 
avoid overgrazing and damage to plant communities and rangeland health. 
Most public land grazing permits are for single species grazing, yet most 
public lands would benefit from multispecies grazing management (Walker, 
1994). 

Wildlife Interactions 

Other than wild predators, perhaps the most contentious domestic 
sheep and wildlife interaction issue is with bighorn sheep. The primary 
concern is the perception that domestic sheep will transmit diseases to 
bighorn sheep. T. McDonnell (personal communication with the commit-
tee in 2007) estimates that, because of this perception, grazing permits for 
> 200,000 sheep have been revoked in the last 10 years and permits for 
> 50,000 sheep are currently at risk. The principal disease issue is pneu-
monia and other respiratory diseases from Pasturella spp. infections. The 
basis for physical barriers between domestic and bighorn sheep is research 
by Foreyt et al. (1994), in which deaths of bighorns occurred following 
inoculation of captive bighorns with large doses of Pasturella hemolytica 
from healthy domestic sheep. 

Knowles and Rink (2006) emphasized a number of facts that they claim 
are often overlooked or ignored in considering wildlife interactions with 
sheep: 

•	 Bighorns and other wildlife species populations are often infected 
with various strains of Pasturella spp. and may transmit the organism to 
other members of the population. Martin et al. (1996) and Ward et al. 
(1997) isolated Pasturella from bighorns in Alaska and Idaho that had never 
been in contact with domestic sheep. 

•	 Pasturella spp. normally will not trigger pneumonia episodes unless 
infected animals are stressed. Stressors in bighorn herds may include un-
dernutrition, predator attacks, trapping and relocation, hunting and other 
human disturbances, climate, and other disturbances related to inappropri-
ate habitat. 

•	 No die-offs of bighorns in their natural habitat have ever been proven 
to be due to contacts with domestic sheep. 

•	 Pasturella spp. do not form spores and thus, are infectious for a very 
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short time period, almost requiring nose‑to‑nose contact among animals 
for transmission. 

•	 Wildlife biologists have been successful in requiring barriers of 5–8 
km between bighorn herds and domestic sheep flocks. Some biologists are 
advocating increasing the barrier to 12–13 km. When bighorn herds recruit 
new habitat closer to domestic sheep grazing permits, producers are often 
forced to vacate the permits. 

•	 Groups supporting wildlife interests are often in conflict with domes-
tic sheep producers about the validity of scientific evidence.

•	 Knowles and Rink (2006) emphasized the need for research that 
addresses the genetic basis of enhanced susceptibility of bighorn sheep to 
respiratory disease; the percentage of bighorn sheep that carry and trans-
mit pathogens associated with respiratory disease; and what, if any, are 
the conditions that trigger transmission of pathogens and development of 
respiratory disease in bighorn sheep in their natural habitat.

Predation Management 

Historically, predators have been the largest cause of sheep and lamb 
deaths for many years (USDA, 2005). In 2004, sheep producers lost 224,200 
sheep and lambs to animal predators (Table 2-6). This represented 37.3 
percent of the total losses from all causes and resulted in an economic loss 
of $18.3 million to farmers and ranchers. Coyotes accounted for over 60 
percent of all confirmed predator losses with domestic and feral dogs second 
at over 13 percent. The primary predators in the “All Other Predators” cat-
egory include wolves, vultures, and feral hogs. Feral hogs are becoming an 

TABLE 2-6  Sheep and Lamb Death Losses Due to Predation, 2004

Predator

Sheep Killed Total Value of 
Loss ($1,000)Number (head) %

Coyotes 135,600 60.5 10,707
Dogs 29,800 13.3 2,807
Mountain lions, cougars, or pumas 12,700 5.7 1,101
Bears 8,500 3.8 769
Foxes 4,200 1.9 285
Eagles 6,300 2.8 438
Bobcats 11,100 4.9 814
All others 16,000 7.1 1,376
U.S. total 224,000 100.0 18,297

Source: USDA (2005).
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increasing problem in Texas and other southern states. An excellent review 
of predation issues was published in a special edition of the Sheep & Goat 
Research Journal titled “Predation” (SGRJ, 2004). The issue contained 
research and invited review papers from leading U.S. and international 
authorities that were presented at a symposium sponsored by the American 
Sheep Industry Association (ASI).

Shelton (2004) pointed out that predation costs may be much larger 
than actual losses due to producer expenses for protection from predators 
and hidden costs due to predator injuries to animals, abortions, stress effects 
on performance from predator attacks, and even some preventive measures 
such as night penning that may affect animal performance. 

The most in-depth analysis of the economics of predation management 
and the importance of predator control programs for livestock is provided in 
a literature review by Bodenchuk et al. (2002). In five studies of losses where 
predator control programs were absent, annual losses averaged 5.7 percent 
for adult sheep and 17.5 percent for lambs. In eight studies where predator 
control programs were present, average annual losses were 1.6 percent for 
adult sheep and 6.0 percent for lambs. Based on comparative losses in the 
absence of predation management versus losses with management activi-
ties across all livestock, Bodenchuk et al. (2002) estimated direct economic 
benefits to livestock producers of $62,606,770. They suggested that this 
estimate is conservative because of ancillary benefits to other livestock and 
wildlife species present where management programs are in place. They then 
estimated that investments in livestock predation management programs 
are approximately 40 percent federal and 60 percent from cooperative state 
programs. On the basis of estimated market values of livestock saved versus 
predation management program costs, they estimated the benefit-cost ratio 
(BCR) from predator management to be 3.1 to 1. Considering only federal 
investments in livestock predation management, they estimated a BCR of 
6.75 to 1. Using the Jahnke et al. (1987) nonagricultural multiplier effect of 
3.0, they estimated the total economic BCR from all predation management 
expenditures to be 12.2 to 1. Considering just federal expenditures, the total 
economic BCR was 27 to 1, suggesting that the tax revenues generated from 
the increased economic activity may be significantly greater than the federal 
expenditures for the predation management. 

Because of increased predation by wildlife species, significant invest-
ments are being made in USDA predation management programs to protect 
various wildlife species (Bodenchuk et al., 2002). Mule deer, pronghorn 
antelope, bighorn sheep, wild turkey, and other upland game birds are 
examples where specific populations were being decimated by predation, 
and management activities have benefited their recovery. Predation manage-
ment programs have also been used to protect threatened or endangered 
species populations such as the black-footed ferret, San Joaquin kit fox, 
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Utah prairie dog, and Mississippi sandhill crane. A BCR analysis of wildlife 
protection programs is difficult because of the intrinsic benefits of wildlife 
to the public. As stated earlier, wildlife populations have also benefited 
from USDA livestock predation management programs. In some situations, 
livestock producers may also benefit from predation management programs 
for wildlife. 

Sheep producers have also made direct investments in nonlethal meth-
ods for protection of their flocks from predators. Principal strategies used 
include: 

•	 Fencing. Permanent and portable electric fencing, as well as perma-
nent predator‑proof traditional net fencing around perimeters, are used. 
Predator‑proof fencing may also be used for night lots, holding pens, and 
corrals. 

•	 Guardian animals. Guardian dogs are the most widely used guardian 
animal. An estimated 60 percent of all producers with over 100 sheep use 
guardian dogs. Other guardian animals include llamas, burros, and mules. 
Guardian dogs have been reported as 65–85 percent effective in protection 
against predators in various surveys, depending on the type of predator 
(e.g., coyotes, dogs, lions, or bears) and management conditions (intensive 
or extensive pasture management, herding). 

•	 Shed lambing. Controlled lambing conditions protect lambs at their 
most vulnerable stage. Increasing costs of labor, facilities, operating ex-
penses, feed, and other expenses make shed lambing increasingly expensive 
in relation to the value of the lambs saved. 

•	 Herding. Sheep producers with public land grazing permits are re-
quired to have a shepherd with each flock. Although expensive, predation 
and other factors would require herders on grazing permits even if they were 
not required by the land management agencies. 

Surveys of sheep and goat producers clearly indicate that a significant 
portion of them would be forced to abandon sheep and goat production 
without USDA predation management programs (USDA, 2005). The belief 
that predator losses were a major factor in the decision of many former 
producers to abandon sheep and goat production is widely held in the 
industry. 

SHEEP AND LAMB FEEDING 

Sheep are ruminants that have a complex digestive system with a 
stomach containing four compartments (reticulum, rumen, omasum, and 
abomasum). The rumen, or primary fermentation vat in the ruminant diges-
tive system, contains many species of bacteria and protozoa that enable the 
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digestion and utilization of cellulose and other complex fibrous components 
of grasses, weeds, and certain shrubs. Once the more complex components 
have been digested in the rumen, they may be absorbed through the ru-
men wall for utilization or passed to the other stomach compartments and 
intestines in less complex forms and as bacterial components for further 
digestion and absorption. Sheep are considered opportunistic grazers in that 
they select the more nutritious plant species available during the various 
seasons of the year. Their ability to utilize a diversity of plant species means 
that they can be managed in a wide range of ecological environments. The 
digestive anatomy and physiology of sheep and their nutrient requirements 
were reviewed recently by the Committee on the Nutrient Requirements of 
Small Ruminants of the National Research Council (NRC, 2007). 

The USDA has not reported the number of lambs on-feed since 1994 
(Figure 2-6). This makes any statement relating to the number of lambs 
being placed on feed speculative. The precise effect of the loss of this in-
formation on price discovery and marketing agreements and contracts is 
unknown. But, the lack of this type of information may reduce transpar-
ency in the market. For example, feedlot operators, breakers, and packers 
appear either unable or unwilling to reveal sequencing (numbers of lambs 
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FIGURE 2-6  Lamb crop, lambs on feed, and percent on feed, 1960–1994.
Source: Data from USDA (National Agricultural Statistics Service) and compiled by 
Livestock Marketing Information Cener (LMIC: http://www.lmic.info/). Used with 
permission.
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coming out of feedlots per time period) because this might influence relative 
bargaining positions among the market segments. 

Lambs typically are born in the spring, weaned in the fall, and then 
fattened for slaughter either in feedlots or on grass (see Figure 2-5). Light 
lambs that were recently weaned are referred to as “feeder” lambs because 
they are typically placed in feedlots or on grass to fatten before slaughter. 
Feeder lambs typically weigh between 27 and 41 kg when they are placed 
on feed and 50–64 kg at slaughter. Lambs that are ready for immediate 
slaughter are referred to as “slaughter” lambs. Carcasses are typically about 
52 percent of the lamb’s live weight, suggesting that most lamb carcasses 
weigh 26–33 kg. While lamb slaughter takes place throughout the year, there 
is a strong seasonal upswing each spring because demand increases during 
the early spring. Table 2-7 lists locations of the largest sheep feedlots and 
packers in the United States. 

Wether lambs are fed in feedlots or on forage depends on the type of 
feed available (concentrate or forage) and the availability of land. Forage-
based operations have been traditionally used where forage/crop aftermath 
(after the harvest of grain or forage) and land resources are available. 
Financial inputs may vary depending on the type of forage system used in 
either a backgrounding or finishing operation. These operations vary in size 
and scope and have been the focus of increasing interest with the growing 
popularity of alternative markets (natural and organic). Drylot feeding 

TABLE 2-7  Major Lamb Processing Plants and Feedlots in the 
United States

Firm/Plant Name Location Capacitya (head) 

Packers:
Swift & Company	 Greeley, CO	 4,000/day
Superior Packing	 Denver, CO	 2,000–2,500/day
Superior Packing	 Dixon, CA	 4,000–5,000/day
Iowa Lamb Corporation	 Hawarden, IA	 1,500–2,000/day
Wolverine Packing	 Detroit, MI	 1,500–2,000/day
Den-Franco Corporation	 Chicago, IL	 1,500–2,000/day

Feedlots:
Harper Livestock	 Eaton, CO	 80,000–100,000
Cactus Hill Feeders	 Windsor, CO	 60,000
Double J Feedlot	 Ault, CO	 45,000
Rule Feedlots, Inc.	 Brighton, CO	 40,000–50,000
Mountain View Lamb Feeders	 Eaton, CO	 40,000
Richard Drake	 Eaton, CO	 25,000

	 aCapacity per unit of time for packers and one-time carrying capacity for feedlots.
Source: Boland et al. (2007).
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operations rely on grains and harvested forages to feed lambs, much like 
cattle feeding operations. 

In both types of feeding operations (feedlot and forage), the genetic type 
of the sheep fed varies because of size, operation location of the feeding 
system, and availability of lambs in close proximity to the operation. Each 
of these operations differs in its goals based on the type of lamb marketing 
options that are available. The following discussion details the two types of 
feeding operations, the challenges that they face, and the direction in which 
they are headed. 

Commercial Feeding Versus Field Finishing Operations 

According to USDA (1994, 2003), of the total 1.52 million sheep and 
lambs on-feed in 1994, 1.02 million were in feedlot operations and 447,000 
were in forage-based operations. Of the total lambs on-feed, 38 percent 
weighed 38.6 kg and under, 40 percent weighed 39.0 to 47.6 kg, and 22 
percent were over 47.6 kg. Colorado (385,000), California (215,000), and 
Wyoming (194,000) were the top three states for lambs on-feed across 
feeding operation type (drylot or forage-based operations). Forage-fed 
lambs under 38.6 kg numbered 294,500, whereas lambs in the same weight 
category in a drylot environment numbered 268,000 head. Furthermore, as 
the weight of lambs increased, the number of lambs in a drylot environment 
increased as well when compared to forage-based systems. Across the 16 
states surveyed by USDA in 1994, 752,000 head (in two categories: 38.6 
to 47.6 kg, combined with 47.6 kg and above) were in drylot feeding op-
erations, compared to 152,000 combined across the two weight categories 
in forage-based systems. Although these data were collected over 10 years 
ago, a similar ratio between drylot and forage‑based operations is believed 
to reflect current feeding operations. 

In the Midwest and Mountain states, large populations of lambs are 
typically fed in a drylot environment and placed on a concentrate diet 
(high‑energy diets referred to as concentrate/grain-based diets). Although 
drylot feeding operations can be found on the East and West coasts, the 
typical lamb feeding operation in those states is forage-based. These feeding 
operations rely on improved pasture, natural grasses on owned land, and/
or grazing rights on public lands, as well as cool-season grasses and crops 
(Brassicas), depending on location of the operation and resource allocation. 
The terrain in the forage feeding areas is typically suited to grazing rather 
than concentrated feeding operations. In some areas, a popular practice 
among sheep and lamb producers is planting and harvesting a second crop 
during a single growing season that grows well into the first frost (brassi-
cas). The large feedlot operations in the central Midwest and the Mountain 
states have the largest number of lambs on-feed at any one given time. 
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Furthermore, feedlot operations are typically located near grain‑growing 
regions, reducing the cost of transporting harvested feeds. According to 
USDA (2007b), packers are located near consumer outlets and feeders are 
typically located near the packers. The largest packing operation is in the 
Denver area and the largest concentrated lamb feeding operations are also 
located in that same region. 

The types of feeder lambs used in drylot operations are typically from 
a western white‑face ewe (Rambouillet, Targhee, Columbia, or another ma-
ternal breed that are used in a crossbreeding system to maximize maternal 
traits) and then bred to a meat‑type sire (Suffolk, Hampshire, or a cross of 
the two breeds). The end result of this terminal cross is a lamb that is known 
for performance, carcass characteristics, and a high‑quality pelt. The large 
forage‑feeding operations use a similar type of lamb, phenotypically and 
genotypically. Only a few of the many breeds discussed earlier are actually 
used in commercial operations and make up the genetic base of the com-
mercial U.S. sheep and lamb industry. Although there is a changing dynamic 
in the types of sheep various producer groups use in their operations (those 
breeds that are considered heritage), dairy and hair sheep are sparking inter-
est in small farm flock communities. 

Once lambs have been acclimated to a grain diet, gains on concentrates 
result in elevated average daily gains (Murphy et al., 2003). This enhanced 
performance is observed in both lambs fed grain diets from weaning direct 
to drylot as well as those lambs that were fed a forage‑based background-
ing diet and then finished in a drylot environment prior to harvest (Murphy 
et al., 2003). Many studies have reported that animals that are fed an ad 
libitum (free-feeding) diet of concentrate generally have higher average daily 
gains than animals that are fed or grazed on legumes (Tatum et al., 1988; 
McClure et al., 1994; Murphy et al., 1994). In addition to enhanced growth 
rate, lambs fed on a high‑concentrate diet result in more rapid intermus-
cular, intramuscular, subcutaneous, and internal (kidney, pelvic, and heart) 
fat deposition, when compared to forage-fed lambs (Crouse et al., 1978; 
Murphy et al., 2003). The deposition of fat is only an issue if lambs are 
fed for an extended period of time when efficiencies of lean tissue growth 
have declined and the lamb’s metabolism produces fat at a more rapid rate. 
Although lamb fat in moderation helps in providing a distinct flavor profile, 
excess fat is the least desirable in lamb when compared to pork and beef. 
The current market structure in the lamb industry does not provide pro-
ducers and feeders an incentive to produce lean lambs. Rather, the market 
continues to offers an incentive to maximize weight regardless of the share 
of the carcass weight composed of fat. 

Notter et al. (1991) and Murphy et al. (2003) reported that lambs fed 
to slaughter weight on a high‑concentrate diet when compared to lambs 
fed a high‑concentrate/forage mixed diet or an all‑forage diet resulted 
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in higher mechanical shear force values resulting in a tougher consumer 
product. Crouse et al. (1978) concluded that lambs on high‑energy (con-
centrate) diets are physiologically more mature when compared to lambs on 
low‑energy or low‑protein diets, which could explain differences in shear 
force values. In beef, physiological maturity has an impact on tenderness 
values as a result of increasing amounts of connective tissue and collagen 
crosslinks (Goll et al., 1963). Bouton et al. (1978) reported that in sheep, 
progressive increases in toughness could be seen in sheep meat from animals 
2 months to 8 years of age. Subtle increases in fat deposition as a result of 
high‑concentrate diets may help offset the effect of physiological maturity 
and elicit a more acceptable mouth feel and sustained juiciness, resulting in 
a more positive eating experience (Weir, 1960). The advantages of feeding 
a high‑concentrate diet include less land use, more rapid rate of gain, and 
higher feed efficiency, resulting in an accelerated market readiness. Lambs 
are often fed high‑concentrate diets past their optimal endpoint or slaughter 
weight, leading to carcasses with excess fat cover. 

The typical concentrate diet includes corn as the energy component. 
Although the energy component may vary from region to region, the largest 
traditional drylot feeding operations are located near corn‑growing regions. 
Corn prices have been on the rise in recent months as corn finds a foothold 
in the biofuel industry. According to Mosier (2006), U.S. fuel ethanol pro-
duction is expected to exceed 7.5 billion gallons before 2012, a doubling 
of ethanol production over 2004 when only 10 percent of the U.S. corn 
crop was utilized for fuel production. The rising cost of corn has many in 
the livestock industry considering feeding alternatives, including substitute 
energy sources for animal feeds or shifting to forage feeding. 

Enhancing the efficient use of solar energy, recycling nutrients to the 
soil, using noncompetitive renewable resources (high cellulosic), contribut-
ing to soil and water conservation, investing lower amounts of capital, and 
adding enterprise flexibility are some of the advantages of forage feeding 
systems (Ely, 1994). Forage feeding on a large scale occurs in the San Joa-
quin Valley and the Imperial Valley in California, the Willamette Valley in 
north central Oregon, and the Columbia River Basin in Washington State. 
These areas of the West are rich in harvested forage production (legume 
and grass hay), turf and grass seed production (such as rye and Kentucky 
bluegrass seed), legume seed production (such as alfalfa seed), and sod pro-
duction for commercial and residential landscaping. Grazing lambs on these 
forage types during the winter months reduces the environmental impact 
of grazing in extensively managed rotational grazing systems. The result is 
a healthier forage stand, increased seed production, and other advantages 
for the subsequent growing season. This method of managing forage and 
grass production systems has replaced the use of field burning, which is 
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now illegal in some states because of pollution and potential smoke-related 
respiratory complications. 

The largest forage‑feeding operations are in the West, but forage feeding 
is practiced nationwide, although the practice varies in scale and forage type. 
Forage‑feeding operations begin stocking up on lambs during the winter and 
early spring, reaching maximum capacity just prior to Easter. Lambs on-feed 
in forage-based systems are typically either fall born or are from the previous 
spring crop. Fall‑born lambs typically reach 5 to 7 months of age by the time 
of harvest with an average finish weight of 54.4 kg. Spring‑crop lambs are 
typically 12 to 14 months at time of harvest with an average finish weight 
of 65.8 kg. The USDA (2007b) reports that the average weight of finished 
market lambs in the United States is 61.2 kg. In addition, the USDA (2001) 
reports an average live weight at harvest of 63.0 kg with a relatively wide 
range around the average, regardless of size of operation. 

The main benefit of forage feeding over drylot feeding has tradition-
ally been understood to be a reduction in total body fat. Allowing sheep 
to graze a feedstuff, rather than harvesting the feedstuff mechanically for 
feeding, also results in reduced production cost and less environmental im-
pact. However, ASI (2002) reported (Table 2-8) a decrease in performance 
for forage-fed (daily gain 0.15 kg) compared to drylot-fed lambs (daily gain 
0.26 kg). Even though pasture‑fed lambs may not grow as fast as lambs 
fed concentrate diets, forage feeding is more economical with less potential 
health risks (Schoenian, 2007). 

Research studies have concluded that to prolong skeletal and muscle 
growth in sheep, energy intake must be reduced (Yambayamba and Price, 
1991; Berger, 1991; Shanks et al., 2000). The result is a decrease in fat 
deposition potentially from an increase in muscle mass. The low‑input 
forage‑feeding system requires producers to ship animals long distances to 
market and sometimes across state lines. The same is often required even 

TABLE 2-8  Performance of Pasture-fed and Drylot-fed Lambsa

Feeding System
Daily Gain 
(kg)

Feed Consumed 
(kg/day)

Feed:Gain 
Ratio

Carcass Fat 
(%)

Pasture 0.154 — — 23.9
Pasture + supplemental feedb 0.263 1.00 3.79 27.3
Drylot, 13% CP 0.268 2.06 7.71 33.2

	 aInitial weight = 31.75; Slaughter weight = 50 kg.
	 b13% CP (crude protein) supplement; same as drylot, 13% CP.
Source: ASI (2002). Copyright 2002 by ASI (American Sheep Industry Association). Used 
with permission.
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with drylot feeding, however, because of the distribution of lamb production 
across the United States. 

In some cases, fall‑born lambs may stay with their mothers until they 
have reached an acceptable harvest weight and fatness (49.9 kg live weight). 
Lambs are selected based on perceived carcass fatness (market readiness 
based on USDA yield grades) and sorted into two groups—those ready for 
slaughter and those not meeting the buyer’s criteria, which are sent to a 
feedlot. Ideally, lambs shipped to packers are between a yield grade 1.9 to 
2.9 (measuring 3.81 to 6.35 mm of backfat at the 12th/13th rib interface) 
(USDA, 1992). 

Although forage operations are used to finish lambs, they can also be 
used to prepare lambs to maximize frame growth (backgrounding) before 
finishing lambs in a drylot system. Lambs that are forage fed for back-
grounding purposes will enter the drylot with less internal and external fat 
cover but maximum skeletal frame growth. Because of the seasonality of 
sheep and lamb production, the lamb feeding season must be spread out 
over a 12‑month period, resulting in lambs of various slaughter weights and 
ages, which complicates efforts to optimize carcass production. Arnold and 
Meyer (1988) concluded that lambs grazing irrigated pastures before finish-
ing in drylot had less fat over the longissimus muscle and a lower percentage 
of kidney and pelvic fat than lambs that were weaned and placed directly 
in a drylot. Shanks et al. (2000) reported that body weight at the end of 
a backgrounding period on stubble barley was greater when compared to 
lambs fed a concentrate ration in a drylot. They also concluded that lambs 
in drylot situations may experience greater stress, which affects their perfor-
mance, but that, in most cases, concentrate diets increase gain and reduce 
time to market. Shanks et al. (2000) also found that mechanical shear force 
was increased for lambs on concentrate diets from time of weaning versus 
those that were backgrounded initially and then fed concentrate before 
harvest. Crouse et al. (1978) found that physiological maturation rate was 
potentially elevated in lambs fed a concentrate diet from weaning compared 
to those that are backgrounded on forage and then fed concentrate or those 
that are forage‑fed until harvest. 

New forage varieties have been investigated that yield potentially fa-
vorable results in performance when compared to more traditional grazing 
opportunities. Brassica species, including turnips, rape, and tyfon (a hybrid 
of turnip and Chinese cabbage), seem to be promising new forages (Koch 
et al., 2002). Brassicas are fast growing and tolerant to frost and cold, and 
many producers are using them as second crops after harvest of primary 
crops in rotation. They can be planted from mid- to late summer after the 
harvest of the primary crop and then grazed through the fall and winter 
(depending on geographical location). Tyfon and turnips are near maxi-
mum production in about 60 days and rape in 75 days. Koch et al. (2002) 
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reported that lambs grazing turnips for 39 days gained 0.18 kg/day and 
drylot lambs gained 0.20 kg/day, which initially suggests that there is little 
performance difference in the feeding phase. When this time was extended 
past 40 days, lamb performance when grazing turnips was lower compared 
to the performance of concentrate-fed lambs. Except for their tolerance to 
cold, Brassicas perform similarly to other forage‑based systems. 

Using forage and concentrate in combination can help maximize growth 
and reduce carcass fat deposition if managed using proper evaluation meth-
ods and guidelines as to when a lamb is market ready. Proper feed manage-
ment is often not done because of lack of incentive since few industry groups 
use any type of grid marketing option to encourage feeders to send lambs 
to packers at the optimal point in their growth to meet specific quality and 
yield specifications. Forage‑based systems also have limitations, including 
problems with availability of forage during the feeding season, since lambs 
often are not the primary reason that the forage crops are grown. Also, not 
all forages perform the same. Some breeds of lambs are more suited for 
the more intensive management system of commercial drylot feeding op-
erations. Some large commercial producers that utilize public land grazing 
allotments in combination with private land forage resources, however, are 
managing sheep and lambs with little supplementation year round. 

Falxa et al. (2002) reported that while there may be opportunities for 
diversification of land use in the coexistence of sheep and cattle, these two 
species have been shown to exhibit complementary, supplementary, and 
competitive relationships depending upon the stocking rates of the two spe-
cies and the type of land resources available. After reviewing 200 studies, 
Van Dyne et al. (1980) concluded that sheep consume 50 percent grass, 30 
percent forbs, and browse for the other 20 percent, while cattle consume 70 
percent grass, 15 percent forbs, and 15 percent from browsing. Falxa et al. 
(2002) also concluded that improved balance in utilization of forage types 
may result in increased animal performance and stocking rates, as well as 
improved cash flow, when cattle and sheep are grazed together. 

Most range sheep production systems are managed on lands that do 
not produce adequate forage resources to produce slaughter-ready lambs. 
Although backgrounding weaned lambs on high‑quality forages is desirable 
where forage resources are available, these resources may either be unavail-
able to many producers or inadequate to produce gains and finish lambs for 
harvest. High‑quality forages also tend to be seasonal in their availability, 
which may result in seasonal restrictions in lambs available for slaughter. 
Lamb feedlots provide high‑quality concentrate finishing programs that aug-
ment gains provided by forage‑based systems. They can also provide lambs 
for harvest on a year‑round basis and provide an important assembly func-
tion for packers seeking adequate numbers for plant operations. However, 
lamb feedlots, because of their environmental and management effects on 
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range‑raised lambs and high animal concentrations per unit of land, gener-
ate issues related to animal digestive health and diseases, and environmental 
impacts that must be closely monitored. Typically, feeder lambs (31.8–49.9 
kg) are purchased for feeding operations and placed on an 80‑percent con-
centrate (grain-based) and 20‑percent forage diet, which tends to optimize 
performance (see Table 2-8). 

Specialty sheep operations influence commercial lamb production 
through the sale of breeding stock to commercial producers and the dis-
tribution of surplus lambs into the commercial system. These impacts 
may include, for example, purebred breeding flocks that produce rams for 
sale to commercial flocks, and large commercial flocks that specialize in 
the production of replacement females for those producers that prefer to 
purchase replacement ewes rather than raising their own. Other specialty 
operations producing lambs may include highly specialized wool produc-
ers that consider lamb as a byproduct and dairy sheep production systems 
whose primary objective is to optimize milk production. 

Lamb Feeding Arrangements 

According to the USDA (2001), 15.1 percent of all operations that re-
ported selling lambs to a feedlot, including herded open range, fenced range, 
farm flock, and feedlots, retained complete ownership (contract feeding), 
5.6 percent retained partial ownership (producer/feeder), and 79.3 percent 
retained no ownership (i.e., the drylot feeder purchased the lambs). Bastian 
and Whipple (1998) concluded that the options available to lamb producers 
for sale of their lambs included sale directly to the feedlot, producer‑retained 
ownership through the feeding phase, and producers selling fed market 
lambs direct to the packer. 

Bastian and Whipple (1998) also reported that packers owned about 
28 percent of all lambs fed in the United States in the late 1990s. Williams 
and Davis (1998) reported many large range operations sell feeder lambs 
directly to feedlots under contract or feed their own lambs and sell to the 
packer under contract. Over time, the sheep industry has gradually shifted 
from marketing lambs through public markets to direct marketing through 
various types of contractual agreements. In the latter case, producers who 
retain possession of their animals through the feeding phase typically raise 
their sheep on a forage-based feeding operation. Smaller range producers 
concentrate on marketing lambs through public auction and through inter-
mediaries, although some also sell finished lambs directly to packers. Farm 
flock producers tend to produce and feed lambs and then sell them directly 
to packers. 

Packers generally prefer to purchase lambs by the truckload (roughly 
400 head depending on the size of the lambs and the transport vehicle) 
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to reduce transportation costs. Purchase methods may include direct pur-
chase in truckload lots from feedlots and individual producers with larger 
operations, or buying lambs at auction markets that exist in several states, 
the largest of which is Producers Livestock Auction in San Angelo, Texas. 
Smaller lots of lambs from producers are usually grouped together into 
larger loads. Various approaches are used for assembly, including Internet 
auction, telephone auction, cooperatively negotiated sales for specified as-
sembly days and locations, delivery to a designated buyer representative, 
and “buy days.” “Buy days,” increasingly popular in eastern and midwest-
ern farm flock states, are established dates and locations agreed to by buyers 
and sellers. Producers deliver their lambs, which are weighed and graded by 
the buyer, and price is negotiated. Once the buyer has enough lambs for a 
truckload, the lambs are then delivered to the harvest facility. 

Feedlot Lamb Nutrition and Health

Lamb feeders use a variety of methods to finish lambs. Feeding opera-
tions vary on when and how they wean their lambs and when the weaned 
lambs are moved into the feeding operation. In concentrate and forage‑feed-
ing systems, lambs are normally exposed to feeds or forage prior to weaning 
(ASI, 2002). Lambs sent to feedlots are normally introduced to concentrates 
through a creep‑feeding system (pen arrangement so only lambs and not 
their dams can enter). Young lambs can handle both forage and concentrate 
diets because of the early development of their ruminant stomach system 
(ASI, 2002). In some cases, supplemental concentrates that parallel the 
diets found in most drylot feeding operations are fed to young lambs in 
conjunction with forage-based diets in order to elevate lamb performance 
and efficiency of feed conversion. 

The success of lambs entering a feeding system is dependent on the first 
few weeks of the feeding period after arrival. When they arrive, lambs are 
usually hungry, thirsty, and stressed from travel since many must be hauled 
long distances to reach their final feeding destination. Typically, they are 
fed harvested forages to help them acclimate to their new environment with 
a salt supplement to aid in their off-truck water intake. Additionally, they 
are usually dewormed for internal parasites, topically treated for external 
parasites, and vaccinated for enterotoxemia Type D. Other vaccinations and 
preventative measures may be offered depending on the location and type of 
feeding operation as needed for satisfactory lamb performance. As reported 
by the USDA (2001), feedlot operators receive limited information related 
to prearrival health status of lambs being shipped. There are a number of 
reasons that the transfer of animal health information may be hindered. 
However, information related to preshipment vaccinations and other medi-
cations could enhance feedlot efficiency and reduce animal disturbances. 
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Prearrival records provide critical information for quality assurance, food 
safety, and consumer awareness of the history of the food animal products 
that they consume. Some pharmaceutical products used as preventative or 
disease treatments have required withdrawal periods to ensure that there 
are no drug residues in the meat that may have an effect on human health 
(Roeber et al., undated). 

The packing industry and the ASI developed the National Sheep Safety 
and Quality Assurance (SSQA) program as an attempt to address concerns 
related to quality assurance and food animal product production. The SSQA 
program was designed to educate all sheep producers (commercial, farm 
flock, hobby farms, purebred, and club lamb) on the proper handling and 
practices of live animal production and helps assure consumers that the 
products they consume are safe and wholesome. Many states have taken 
leadership in developing curricula to instruct members of agricultural youth 
programs (such as 4-H and Future Farmers of America [FFA]) about proper 
handling and practices related to their livestock project experiences (Kuber, 
2005). Improvements in animal welfare, food safety, and quality should con-
tinue to build consumer confidence in lamb as a safe and wholesome food 
product. Nevertheless, 37.5 percent of the feedlot operators responding to 
the USDA’s National Animal Health Monitoring System (NAHMS) survey 
indicated that they had never heard of the ASI SSQA program, and another 
40.6 percent indicated that they had heard of it but were not familiar with 
it (USDA, 2001). Only 6.3 percent of the responding feedlot operators 
indicated that they were very familiar with the program. In contrast, the 
National Pork Producers Council (NPPC) has successfully operated a similar 
program since 1989 with the backing of the packing industry, since packers 
require all producers from whom they purchase hogs to be certified (NPB, 
2007). The NPPC program has reportedly reduced carcass blemishes and 
drug residues and helped assure consumers that pork products have been 
monitored and verified throughout the production process (NPB, 2007). 

Many feedlot owners apparently have little interest in the prearrival 
health history of the feeder lambs entering their feedlots. The NAHMS sur-
vey results showed that 41 percent of responding feedlot owners considered 
the prearrival vaccination history of lambs entering their lots to be unim-
portant (USDA, 2001). Only 21 percent considered the vaccination history 
to be very important. Also, 52 percent considered prearrival deworming 
history information to be unimportant and only 14 percent very important. 
Yet a majority of those same feedlot operators responded that prearrival 
procedures (such as treatment for parasites and clostridial vaccinations) 
could reduce sickness and death in feedlot lambs. Even though the respond-
ing feedlot operators recognized the effectiveness of prearrival procedures in 
reducing sickness and death among feedlot lambs, few recognized the impor-
tance of obtaining prearrival information on lambs in determining the type 
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of lambs they will accept into their feeding operations and the preventative 
measures needed upon arrival to prevent illness and death. 

The NAHMS survey results also indicated that about 75 percent of 
responding feedlot operators processed new arrivals as a group within 72 
hours of arrival (USDA, 2001). Nearly all feedlot owners, regardless of 
feedlot size, indicated that they treat new arrivals for internal parasites 
and vaccinate against clostridial disease (Types C and D). Only the large 
operations (greater than 5,000 head), however, indicated that they treat for 
external parasites. Internal parasites and clostridial diseases have the most 
impact on feedlot lamb performance and efficiency of production and are 
the diseases most often treated. 

The NAHMS survey further reported that the leading causes of death 
among feedlot lambs across all feedlot sizes include respiratory disorders 
(29.1 percent), enterotoxemia (28.7 percent), shipping fever/pneumonia 
(12.8 percent), other digestive orders (6.1 percent), and crowding as well as 
parasites (5.8 percent). For smaller feedlot operations (less than 500 head), 
the NAHMS survey reported that the leading cause of death was shipping 
fever pneumonia (34.1 percent). Among the larger feedlots (more than 500 
head), respiratory disorders and enterotoxemia were responsible for the 
majority of the deaths (31.1 percent and 30.1 percent, respectively). 

Health concerns specific to sheep and lambs from weaning to maturity 
in feeding operations are reviewed in the Sheep Production Handbook (ASI, 
2002). The health section of the handbook reviews the clinical signs, diag-
nosis, treatment, and prevention of the common diseases of concern in the 
sheep and lamb feeding industry, including rumen lactic acidosis and entero-
toxemia (overeating), urolithiasis (urinary calculi), polioencephalomalacia 
(polio), salmonellosis (Salmonella dysentery), pneumonia (pasteurellosis, 
shipping fever), rectal prolapse, copper toxicity, copper deficiency (enzootic 
ataxia or swayback), selenium deficiency, contagious foot-rot, and parasites 
(internal and/or external). In many cases, these diseases affect production 
efficiencies such as growth rate, weight gain, and fat deposition. In more 
severe cases, they may result in irreversible damage and even death. In any 
case, disease affects the feeder’s profit margin from loss of production, 
increased costs of labor and medical supplies in treating sick animals, and 
pharmaceutical costs for preventative measures. 

Sheep Feedlot Environmental Impact and Management 

The U.S. Environmental Protection Agency (EPA) defines an animal 
feeding operation (AFO) as a location that confines animals in an area for 
> 45 days in a year (EPA, 2002). A large concentrated animal feeding op-
eration (CAFO) for sheep includes operations with 10,000 or more sheep 
confined to an area for more than 45 days in a year. A sheep AFO may be 
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defined as a medium CAFO if it has at least 3,000 sheep and either a man-
made ditch or pipe carrying manure or wastewater from the feeding opera-
tion or surface water with which sheep come in contact running through the 
area where sheep are confined. All CAFOs are required to have a permit, for 
which the minimum EPA requirements are as follows, although there may 
be additional state requirements: 

•	 Implement a nutrient management plan;
•	 Submit annual reports to the permitting authority;
•	 Keep permit current until the operation is closed and all manure is 

removed; and
•	 Keep records of all nutrient management practices for at least 5 

years. 

The nutrient management plans for sheep CAFOs must include provi-
sions to:

•	 Ensure adequate manure storage capacity;
•	 Properly handle dead animals and chemicals;
•	 Divert clean water from the production area;
•	 Keep animals out of surface water;
•	 Use site-specific conservation practices;
•	 Develop and implement ways to test manure and soil;
•	 Ensure appropriate use of nutrients when manure is spread on land 

other than the CAFO area; and
•	 Keep accurate records of nutrient management practices. 

Although not a part of EPA standard CAFO requirements, sheep feed-
lots may come under pressure from communities if dust control or odors 
are of concern. States may also have additional requirements or standards 
that must be met by lamb feedlots. 

New Feedlot Technologies and Management Practices 

New technologies and more efficient management practices are show-
ing promise in terms of enhanced production efficiency and cost reduc-
tion in feedlot operations. Feedlot managers/owners are making strides in 
improving nutrition, health, growth performance and feed efficiency, and 
potential market value. They are utilizing innovative approaches to select 
and segregate lambs upon arrival to the feedlot; utilizing feedback informa-
tion from the packing plants to determine which lambs, feed rations, and 
management practices performed the best; utilizing live animal imaging to 
identify lambs that will perform the best in the feedlot; and, finally, using 
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real-time ultrasound (RTU) to determine when lambs are properly finished 
for harvest. The following is a brief discussion of these feedlot applications 
to improve performance and product quality. 

•	 Feedback to origin flocks. According to the NAHMS survey, 50 
percent of responding feedlot operators never or almost never reported 
occurrences of disease, performance, or carcass quality back to the produc-
ers of origin. Another 25 percent of the respondents only provided such 
information sometimes. At least one quarter of feedlot owners, however, 
did provide feedback information to producers to assist them in determin-
ing needed genetic and management improvements (health and efficiency of 
production). Feedback information can be used for genetic improvement, 
health management, and other quality improvements by the producer. With 
this information producers can prioritize genetic and management needs 
that will optimize performance and profitability at both the producer and 
feeder level. 

•	 Segregating lambs upon arrival to the feedlot. Improvements in ef-
ficiency can be attained through segregation of lambs based on sex and 
frame size prior to feeding in concentrate feeding operations. Commonly 
accepted in the industry is that lambs with more potential for frame growth 
will finish at heavier weights. Many feedlot operators feed lambs for the 
same amount of time and to the same endpoint regardless of age, sex, frame 
size differences, and/or fat cover. Because lambs vary in their growth poten-
tial based on their genetic makeup and metabolism, sorting feeder lambs 
and managing their feeding regimen according to characteristics affecting 
growth potential would optimize the rate of gain and profitability. The ad-
ditional revenues earned from sorting, however, must be sufficiently above 
the additional labor and facility costs associated with sorting or there will be 
no incentive for feedlots to sort their lambs. If the industry were to develop 
scientifically based, objective criteria for sorting and evaluating lambs based 
on their growth potential, producers and feedlot operators would have a 
valuable tool for evaluating (and pricing) lambs based on growth potential. 
Based on such criteria, lambs evaluated as exhibiting relatively less growth 
potential could be marketed earlier and at lighter weights compared to those 
that might be judged as capable of greater gain and/or likely to produce 
lean carcasses. Segregation of lambs at the point of feeding could increase 
feed efficiency by up to 70 percent (U.S. International Trade Commission 
[USITC], 1999). 

•	 Live animal imaging. This emerging technology provides an objec-
tive evaluation of frame score, composition (muscle, fat, and bone), and 
growth potential. Studies in pork (Suster et al., 2003) and beef (Nada et al., 
2005) have reported a high level of accuracy for evaluation of total body 
composition (bone, muscle, and fat) using this process. There are a number 
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of ways imaging could be used, both by producers and feedlot operators 
to determine muscle growth potential and the type of feeding regime best 
suited to their needs. Sorting lambs using an objective system such as a live 
animal imaging unit would help in selecting lambs that are market‑ready 
with more accuracy. 

•	 Ultrasound technology. Miller (1998) reported that the use of real-
time ultrasound has had considerable impact in reducing excess fat in swine 
herds as major breeding companies have employed that technology in their 
selection process. Houghton and Turlington (1992) report that the ultra-
sound technology is a cost-effective, noninvasive approach to estimating 
carcass composition and quality of live animals. Brethour (1994) reported 
similar results with ultrasound technology in estimating muscle quality. 
There are currently certification programs in the beef and the pork industries 
for technicians that utilize RTU to estimate live animal and carcass yield and 
quality grades, but no such program exists in the sheep and lamb industry. 
However, some technicians certified to use RTU on beef and pork also use 
this technology on sheep. 

LIVE SHEEP PRICING 

Price determination and price discovery have become increasingly 
important issues for the U.S. sheep industry. Price determination relates to 
the broad forces of supply and demand that lead to market‑clearing prices. 
Changes in the market environment generated by increased lamb imports 
and consumer preferences and market shocks, such as the border closures 
that resulted from the first discovered case of bovine spongiform encepha-
lopathy (BSE or mad cow disease) in December 2003, have all influenced the 
location and slope of the demand and supply schedules for lamb and mut-
ton. Price discovery refers to the efficiency and accuracy with which buyers 
and sellers are able to gather and interpret market information, which is 
then incorporated into individual negotiations for trading sheep. Concerns 
about price discovery are often related to a lack of adequate price reporting 
or reporting from markets with few buyers and/or low volumes of sales, also 
referred to as “thin” markets. 

Price Determination 

Basic economic theory defines the quantity of a product demanded by 
consumers at the retail level as being a function of its own price, the prices 
of substitute and complement products, consumer income, consumer tastes 
and preferences, and quality (typically measured by yield grade in the case 
of lamb and mutton). Seasonality may also play a role in the demand for 
agricultural products, especially for a product such as lamb whose consump-
tion is heavily influenced by annual holidays. 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


THE U.S. LIVE SHEEP INDUSTRY	 81

Economic theory also suggests that the quantity of lamb supplied at 
the retail level is a function of its own price and costs as determined by the 
underlying production function for firms in the industry. Seasonality and 
cycles also play a significant role in meat production because of gestation 
periods and other issues related to biological lags. 

Imports influence retail supply because almost all imports are in carcass 
form (very few live sheep are imported into the United States) and may also 
influence retail demand if imported and domestic products are differenti-
ated. Domestic and imported lamb may be differentiated to a degree because 
imported lamb tends to be leaner and have a lighter carcass weight than 
domestic lamb. Because the supply of agricultural products is typically fixed 
in the short run because of biological lags, demand models for food and 
agricultural products are often specified as being price dependent. This is 
also referred to as “inverse” demand and simply indicates that prices adjust 
to existing quantities rather than the reverse. 

The demand for live sheep is an indirect or a “derived” demand that 
is reflected from the retail demand/supply of lamb and mutton meat back 
through the supply chain to the farm level. Consequently, the demand (price) 
for sheep ready for slaughter is a function of the quantity of sheep offered 
for sale; retail/wholesale meat prices; processing, packaging, and other 
marketing costs; feeding costs beyond the farm gate; the price of pelts (a 
jointly produced product); and seasonality. In addition, a recent study sug-
gests live prices are also a function of the pricing method used to procure 
ewes and/or lambs (RTI, 2007). Farm‑level supply for sheep is expected to 
be a function of the farm-level price, feeding costs (corn and/or hay), and 
seasonality. The price (demand) for feeder lambs is expected to be a func-
tion of the price offered for slaughter lambs and the costs (availability) of 
feed resources, while feeder lamb supply is determined by prices and costs 
of production at the farm level. 

The lamb cutout value has increased in both nominal and real terms 
since 2001, suggesting a relatively strong market for domestic lamb (Figure 
2-7). However, live lamb prices have been flat to slightly lower, on average, 
during the past 5 years (Figure 2-8), indicating that an increasing margin 
has been required during the past 5 to 6 years to pay for production and 
marketing costs beyond the farm gate. 

Lamb is more expensive than some competing meats, specifically beef 
and pork. However, in relative terms, lamb prices have remained fairly 
constant with beef during the past 5 years, as suggested by indexes of retail 
prices (Figure 2-9). Beef is usually considered the closest meat substitute for 
lamb, and lamb appears to have maintained a relatively stable competitive 
position with beef since 2001. However, lamb’s competitive position with 
pork has been eroding since 2003 based on relative indexes of retail prices 
as depicted in Figure 2-9. 
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FIGURE 2-7  Weekly average USDA lamb cutout value, October 2001–March 2007 
(1 hundredweight (cwt) = 45.36 kg).
Source: Data from USDA (Agricultural Marketing Service) and compiled/adapted by 
LMIC. Used with permission.
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FIGURE 2-8  Feeder and slaughter lamb monthly live prices, January 2001–
February 2007 (1 hundredweight (cwt) = 45.36 kg).
Source: Data from USDA (Agricultural Marketing Service) and compiled by LMIC. 
Used with permission.
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The USDA yield grades signal a measure of the amount of external fat 
over the ribeye area. As the amount of external fat increases, the percentage 
of meat available for retail sale decreases. Yield grades range from 1 to 5 
with yield grade 1 indicating the least amount of fat (USDA, 1992). Qual-
ity measured by yield grade has been declining on the average for domestic 
lamb and mutton since 2000 (Figure 2-10). Packers often develop “grids” 
whereby they reward lamb sellers based on quality. Table 2-9 presents an 
example of a grid that is used by the Mountain States Lamb Cooperative.

Few publicly available data are available for assessing relative prices 
between domestic lamb carcasses and imported lamb carcasses. Some data 
are available for selected periods from the USDA weekly reports (USDA, 
2007c). These data suggest that imported carcasses are less expensive, on 
the average, than domestic carcasses (Figure 2-11). However, the difference 
in price between domestic and imported lamb fluctuates considerably and 
time periods apparently exist when the two prices are essentially equal 
(Figure 2-11). 

The average price for sheep pelts has dropped considerably since 
2004 (Figure 2-12), while feeding costs, as measured by corn prices, have 
increased dramatically in the last year. The price of hay has also trended 
upward over the last few years (Figure 2-13). Increasing feed costs do not 
necessarily disadvantage domestic lamb relative to other meats, however, 
because feeding costs affect all segments of the domestic livestock industry. 

FIGURE 2-9  Monthly relative indexes for lamb, beef, and pork retail prices, January 
2001–August 2005.
Source: USDA (2007c).
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Fig 2-10.eps
bitmap image

FIGURE 2-10  Average yield grade for mutton and lamb, 1992–2006.
Source: USDA (2007c).

TABLE 2-9  Mountain States Lamb Cooperative Quality Grid

Carcass Yield Premium ($/kg) Discount ($/kg)

1 — —
2 0.176 (0.08/lb) —
3 0.110 (0.05/lb) —
4 — 0.176 (0.08/lb)
5 — 0.661 (0.30/lb)

Source: Boland et al. (2007).

Increasing corn prices, however, may place domestic lamb, which is mostly 
fed on concentrates in feedlots, at a disadvantage with grass-fed imports as 
corn prices rise.

The price for mature sheep, specifically cull ewes, is expected to be af-
fected by retail meat prices, the number of ewes being slaughtered, process-
ing costs, and on-farm production costs. Mature sheep slaughter follows a 
seasonal pattern with low points occurring in the early spring at lambing 
time. Both mature sheep and total sheep slaughter (mature, yearlings, and 
lambs) have trended slightly downward as domestic sheep numbers have 
declined (Figure 2-14). Recent droughts have affected on-farm feeding and 
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FIGURE 2-11  Western direct carcass price minus imported carcass price, April 
2001–May 2003 (1 hundredweight (cwt) = 45.36 kg).
Source: USDA (2007c). 
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FIGURE 2-12  Average pelt price for fall clips, January 2003–March 2007.
Source: Data from USDA (Agricultural Marketing Service) and compiled by LMIC. 
Used with permission.
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FIGURE 2-13  U.S. average feed costs, corn and hay, 1990/1991–2006/2007 (1 ton 
= 907.18 kg).
Source: Data from USDA (National Agricultural Statistics Service) and compiled by 
LMIC. Used with permission.

maintenance costs, and predators also inflict a significant cost on sheep 
producers as discussed earlier.

Price determination in the U.S. sheep industry appears to be affected 
by most of the same market forces as other domestic meat products. All 
meat segments in the United States are characterized by dominance by the 
domestic retail market, keen competition from other meats, and high levels 
of concentration in feeding and packing. Unique features relating to the 
sheep industry, compared to other meats such as beef and pork, are its low 
consumption level compared to other meats, relative importance of ethnic 
markets, loss of a large portion of market share to imports, and large losses 
to predators. 

Price Discovery 

Feeder lambs are typically sold either under contract or some other 
negotiated pricing method directly to feedlots or through auctions at sale 
barns (cash sale). Cash sales are by far the most common method for pric-
ing feeder lambs, with only approximately 8 percent of feeder lambs being 
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purchased under contract (RTI, 2007). A recent study by RTI (2007) found 
that while there is a slight trend toward more direct sales for feeder lambs, 
auction markets remain by far the most important pricing mechanism for 
feeder lambs. The USDA reports live lamb prices for markets in 18 different 
states on a monthly basis (USDA, 2007c). San Angelo, Texas, is the largest 
auction market for feeder lambs in the nation. Other important live lamb 
auction markets include Centennial, Colorado, Newell and Sioux Falls, 
South Dakota, and New Holland, Pennsylvania. The San Angelo market 
has often been used in the past as the primary market for western live lamb 
price quotes, and the New Holland market is often the reference market in 
the eastern United States. Buyers at lamb auctions are primarily feedlot op-
erators or buyers purchasing lambs that will be slaughtered at light weights 
for ethnic (primarily halal) markets. These lighter lambs, while referred to 
as feeder lambs, will actually be slaughtered at 27–41 kg liveweight. There 
are some movements toward further integration in the lamb market. For 
example, the Mountain States Lamb Cooperative is attempting to inject 
more cooperation in the lamb market by its recent joint venture with B. 
Rosen and Sons, a large lamb fabricator, processor, and distributor based 
in the New York City area. 

Most slaughter lambs are now being priced using formulas or are packer 
fed (RTI, 2007). Thus, rather than being driven by live markets, the lamb 
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FIGURE 2-14  U.S. weekly sheep and lamb slaughter, January 2003–March 2007.
Source: Data from USDA (National Agricultural Statistics Service) and compiled by 
LMIC. Used with permission.
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price discovery process now largely reflects carcass or cut-out values so that 
price is determined by negotiation or formula related to carcass quality. As a 
result, a significant amount of the risk is shifted from the buyer to the seller, 
especially for pricing based on quality. 

The USDA also reports both a daily carcass price and a daily cutout 
value for lamb (USDA, 2007c). The cutout value is a composite price that is 
an average of the wholesale value of all muscle cuts. The daily lamb cutout 
value is actually a rolling average for five days to account for the fact that 
the market for some cuts is thin on some days of the week. The USDA also 
reports prices for imported carcasses as well as for pelts. Imported carcasses 
represent a competing but separate market with American lamb because 
imported carcasses tend to be smaller and leaner than American carcasses. 

Mandatory price reporting (MPR), legislated in 1999 and fully imple-
mented in 2001 (Schroeder et al., 2002), requires prices for all “boxed 
lamb and lamb carcasses reported on form LS-128 and LS-129 must be 
reported on an FOB plant price basis” as well as live lamb purchase prices 
to be reported to the USDA Agricultural Marketing Service (AMS). Because 
the lamb market is quite thin, prices for specific time periods may not be 
reported because of confidentiality reasons (E. Rosa, personal communica-
tion, 2007). The MPR system has resulted in more price reporting for live 
lambs and lamb meat and has generated more information on imported 
lamb carcass prices. For example, the weekly direct slaughter sheep prices 
reported by AMS (USDA, 2007c) can be both domestic and imported prices, 
but often do not report imported prices (E. Rosa, personal communication, 
2007). Again, the biggest single problem with the MPR system for lamb at 
this point is missing data resulting from confidentiality issues. 

Formula pricing has become a major pricing method for lambs. Packers 
may also work on a grid system that offers higher prices for carcasses whose 
quality exceeds a set base and lower prices for carcasses below the base qual-
ity (see Table 2-9). The base price is typically determined from either the 
USDA carcass or cutout value. McDonnell (personal communication, 2007) 
indicated that 94 percent of the variation in lamb prices can be explained 
by changes in USDA carcass and pelt prices, a conclusion also reached by 
Greer and Ward (2000). 

Although slaughter lambs are procured by packers in a number of dif-
ferent ways, formula pricing is one of the most important methods (Figure 
2-15). The fact that over 80 percent of lambs are procured for slaughter 
through formula pricing or auctions indicates that both methods are im-
portant. McDonnell (personal communication, 2007) emphasizes the im-
portance of the USDA carcass and cutout values both in formula pricing, 
contracts, and cash negotiations. 

In September 2006, the Risk Management Agency of USDA established 
a price protection program for lamb called Livestock Risk Protection for 
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Lamb (LRP). This program is available in more than half of the states and 
is designed to allow producers to protect against declines in national slaugh-
ter lamb prices below a selected coverage price. This coverage is available 
through crop insurance agents. The LRP program is a positive development 
for many sheep producers because it offers the potential for reducing some 
of the risk associated with lamb production.

LIVE SHEEP TRADE 

The United States exports a substantial number of live sheep (mostly 
cull ewes) to Mexico. However, sheep exports to Mexico have only begun 
to recover from the BSE border closure in 2004 and are still far below levels 
of exports experienced in 2003 (Figure 2-16). In 2006, live sheep exports 
(slaughter ewes) to Mexico increased 57 percent to 124,343 head as com-
pared with the year earlier. 

SHEEP RESEARCH, INSTRUCTION, AND  
EXTENSION/OUTREACH 

Most of the sheep research in the United States is conducted by three 
groups: (1) state land‑grant universities, (2) the USDA, and (3) private 
companies. Although there is no accurate estimate of the amount of sheep 
research conducted by private companies, the amount is small relative to 
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2006.
Source: RTI (2007). 
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FIGURE 2-16  Weekly U.S. live sheep exports to Mexico, August 1999–March 
2007.
NOTE: These data are not necessarily comparable to official final (monthly) 
numbers.
Source: Data from USDA (released by Agricultural Marketing Service [AMS] based 
on Animal Plant Health Inspection Service data collection) and compiled by LMIC. 
Used with permission.

the amount conducted by the public sector. Most private companies cannot 
justify large expenditures on sheep research programs because of the small 
potential domestic market for products developed by such programs. 

Land‑Grant Universities 

The primary research and extension activities of the sheep industry 
as well as all sectors of U.S. agriculture are carried out by the land‑grant 
universities. According to Campbell (1995), most universities, both private 
and public, focused their teaching programs on the basic sciences and the 
arts prior to 1860. The majority of their students were the children of the 
wealthy and professional classes. In 1862, the U.S. Congress passed the 
Morrill Act for the “donating [of] public lands to the several states and 
territories which may provide colleges for the benefit of agriculture and 
the mechanic arts.” Under this act, the federal government granted land to 
each state with the income generated from these lands to be used for the 
establishment of universities whose primary purpose was the education of 
the children of farmers and the working classes. These universities became 
known as land‑grant universities and continue today to offer instruction in 
agriculture and engineering. Land‑grant universities have grown to include 
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comprehensive instruction in the basic sciences, arts, and humanities as 
well. 

Many “normal schools” or colleges were established from the early 
to mid-1800s to train primary school teachers in the existing western and 
northern states. From 1866 to 1890, several southern states established 
normal schools to train African American teachers. Although many of these 
institutions were similar to the land-grant universities established by the 
Morrill Act of 1862, the federal government was unable to gain coopera-
tion from the southern states in the provision of land-grant support to the 
African American institutions. The passage of the Second Morrill Act by the 
U.S. Congress in 1890 expanded the 1862 system of land-grant universities 
to include historically African American institutions. Many of the African 
American schools were incorporated into this system and became known 
as “1890 Institutions.” Each of the southern states that did not have an 
African American college by 1890 established one later under the Second 
Morrill Act. Several of these 1890 universities have developed small rumi-
nant research programs, primarily with meat and dairy goats, but some 
also include sheep. 

The Hatch Act of 1887 provided for the continual funding of agricul-
tural research at land‑grant universities “to aid in acquiring and diffusing 
among the people of the United States useful and practical information on 
subjects connected with agriculture” (Campbell, 1995). Federal funds con-
tinue to come to each land‑grant university each year to support agricultural 
research. The distribution of Hatch Act funds among various research initia-
tives at each university is largely at the discretion of each university, within 
general guidelines from the federal government. 

Extension services for farmers were added to the mission of land‑grant 
universities when the U.S. Congress passed the Smith-Lever Act of 1914. 
The act established the Cooperative Extension Service at land‑grant uni-
versities to disseminate the results of agricultural research to farmers. The 
extension service in each state is cooperatively funded by federal, state, and 
county governments. Most land‑grant universities have at least one faculty 
or staff member with full- or part-time responsibility for sheep extension 
activities in the corresponding state. The sheep extension specialist organizes 
and conducts educational programs for sheep producers in the state with 
county livestock or agricultural extension agents located in each county of 
the state. The agents in county extension offices are an expansion of the 
land grant university into every county of every state. 

The U.S. Department of Agriculture 

The USDA, through its Cooperative State Research, Education, and 
Extension Service (CSREES) agency, is a major funding source for agricul-
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tural programs at land‑grant universities through (1) joint funding with state 
and county governments of the cooperative extension services in each state, 
(2) funding state Hatch Act allocations for agricultural research, and (3) 
funding special and competitive grant programs in priority research areas. 
In addition to the cooperative and supportive programs with land‑grant 
universities through CSREES, USDA has its own in-house research organiza-
tion known as the Agricultural Research Service (ARS). The ARS has major 
sheep research activities at three of its agricultural research stations: (1) the 
U.S. Sheep Experiment Station in Dubois, Idaho; (2) the Roman L. Hruska 
Meat Animal Research Center in Clay Center, Nebraska; and (3) the Dale 
Bumpers Small Farms Research Center in Booneville, Arkansas. Although 
some sheep research is also conducted at several other ARS stations, those 
research activities are quite small compared to the sheep research programs 
at the Idaho, Nebraska, and Arkansas ARS sites. 

Interaction and collaboration among sheep research and extension ef-
forts at different land‑grant universities and sheep research efforts at ARS 
stations are accomplished through regional research committees. Regional 
agricultural research, more recently designated multistate research, was 
authorized in 1946 to fund cooperative research on problems important 
to multiple states and to avoid duplication of research efforts. A portion 
of USDA Hatch Act funds going to land‑grant universities is designated 
for multistate research. In addition to providing funding and a valuable 
infrastructure for research coordination, multistate research leverages ad-
ditional funding (often four to five times depending on the project) from 
other sources such as state appropriations, private industry, and other 
federal agencies. 

There are two types of regional research committees: (1) technical 
committees that receive funds to conduct a regional research project and to 
hold an annual meeting for coordination of the project and (2) coordinat-
ing committees that do not have a funded regional project but receive funds 
for an annual meeting to discuss and coordinate individual projects funded 
from other sources. While there are currently no technical committees deal-
ing with sheep, there are two coordinating committees. Western Education 
and Research Activity 39 (WERA-39: Coordination of Sheep and Goat 
Research and Education Programs for the Western States) is composed of 
sheep research and extension personnel from 11 universities.� North Central 
Education and Research Activity 190 (NCERA-190: Increased Efficiency 
of Sheep Production) is composed of representatives from 14 universities 
and 3 ARS stations.� These two committees coordinate their activities by 
meeting together every few years, given that five universities and one ARS 

�More information on WERA-39 can be found online at http://nimss.umd.edu/homepages/
home.cfm? trackID=6936

�More information on NCERA-190 can be found online at http://nimss.umd.edu/homepages/
home.cfm? trackID=3851
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station are members of both groups. The universities and the ARS stations 
represented in these coordinating committees account for the majority of 
the sheep production research activity in the United States. 

The Role of Sheep Producer Organizations 

A limited amount of sheep research is also funded by various national 
sheep producer organizations, including the American Lamb Board (ALB), 
ASI, National Lamb Feeders Association (NFLA), Dairy Sheep Association 
of North America (DSANA), and many national purebred sheep breed 
societies. In addition, there are numerous state and county sheep producer 
organizations and state purebred breed societies. These organizations ex-
ist primarily to service the needs of their members and, thus, are funded 
through dues of members or fees for services in the case of the national breed 
societies. Some of these national and state sheep organizations receive fund-
ing from producers through mandatory or voluntary deductions on sheep 
and/or wool sales within that state, commonly referred to as “checkoff” 
funds. Because most national, state, and regional organizations have limited 
monetary resources, there is relatively little direct monetary support of sheep 
research and extension efforts from these organizations. A mandatory na-
tional producer checkoff on slaughter sheep sales supports activities of the 
ALB. While the legislation that created the ALB allows for the expenditure 
of funds on sheep research, the vast majority of the lamb checkoff funds are 
allocated to lamb promotion activities. 

The ASI and its predecessor, the American Sheep Producers Council 
(ASPC), have played a greater role in sheep research and education activities 
than have the other sheep organizations. Because of budgetary constraints, 
research support has never been an important part of the ASI agenda. The 
main efforts of ASI have been in the area of sheep producer education 
and legislative/regulatory concerns. Before 1996, ASI spent approximately 
$500,000 annually on research and education activities (Thomas and Miller, 
2001). Since that time, however, annual ASI support for similar programs 
has declined to only about $250,000 (P. Rodgers, personal communication, 
2007). 

The ASI carries on a number of important functions in the education 
arena, including the development, updating, and publishing of the Sheep 
Production Handbook (ASI, 2002). The handbook is used by sheep pro-
ducers and is the most widely used textbook in university sheep production 
courses. The ASI also established and continues to publish the Sheep & 
Goat Research Journal, an applied research journal. In addition, ASI regu-
larly organizes and sponsors numerous national conferences and symposia 
on topics of current interest to the sheep industry. Every 4 years, ASI pub-
lishes a Research and Education Priority List for the U.S. Sheep Industry 
which is used by a variety of individuals and organizations as decisions are 
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made at the national and state levels on agricultural research and extension 
funding. 

In recent years, the National Institute for Animal Agriculture has been 
a major source of print and Internet-based information for producers on 
the disease of scrapie and the national scrapie eradication programs (NIAA, 
2008). 

Research and Extension Funding and Activities 

The Current Research Information System (CRIS), a public database 
maintained by USDA, contains information on public agricultural research 
conducted by USDA agencies (primarily at the ARS laboratories) and univer-
sities, predominantly the land‑grant universities (USDA, 2007d). The USDA 
agencies receive funding via appropriations from the U.S. Congress, whereas 
land‑grant universities derive funding from multiple sources, including ap-
propriations from state legislatures, Hatch Act funding through USDA, and 
grant funding from federal agencies (e.g., USDA, the National Institutes of 
Health, the Department of Energy, the EPA, and the Department of Defense) 
and private sources, including commodity organizations, direct industry 
support, and research endowments. Often these multiple sources of fund-
ing are combined to support an individual research project at a land‑grant 
university providing valuable flexibility for research management. 

Between 1998 and 2005, average annual funding for all public agri-
cultural research was $3.9 billion, with average annual increases of 5.6 
percent (Figure 2-17). During the same period, average annual funding for 
livestock (beef cattle, dairy cattle, swine, and sheep) and poultry research 
was $657 million (16.7 percent of all agricultural research funding) with 
average annual increases of 2.7 percent, less than half the annual increase 
for all agricultural research. Funding for livestock research actually declined 
by 1.5 percent between 2004 and 2005. 

During that period, sheep research expenditures were the lowest among 
the livestock sectors at approximately $44.5 million per year or 6.8 percent 
of total livestock research expenditures (Table 2-10). Funding for beef, dairy, 
and poultry research increased by an average annual 3.5–4.1 percent over 
that period, while funding for sheep research increased a modest 0.7 percent 
per year on average. Funding for swine research actually decreased by –0.2 
percent per year during that same period. 

The CRIS includes summaries of all USDA‑funded research by ARS and 
at universities. A search of the CRIS system in May 2007 using the keywords 
of Sheep, Wool, or Lamb identified 1,260 individual active projects in 2005 
(USDA, 2007d). Although the search may have missed a few projects with 
application to the sheep industry, some projects using sheep as a biological 
model or projects with a very small portion of sheep-related activity may 
also have been identified. There are likely some additional projects con-
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Fig 2-17.eps
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FIGURE 2-17  Public funding for all agricultural and livestock research, 1998–
2005.
Source: USDA (2007d).

TABLE 2-10  Average Annual Public Funding of Livestock Research by 
Type of Livestock, 1998–2005

Livestock Sector
Expenditure  
($1,000)

Share of Total  
(%)

Average Annual 
Change (%)

Beef cattle 205,939 31.3 +3.5
Dairy cattle and milk 168,998 25.7 +3.7
Pigs 118,517 18.0 –0.2
Poultry and eggs 119,258 18.1 +4.1
Sheep and wool   44,540   6.8 +0.7

Total livestock 657,250 99.9 +2.7

Source: USDA (2007d).

ducted at universities with state or private funds that do not appear in this 
information system if the university did not require the reporting to CRIS of 
projects funded from nonfederal sources. Therefore, a reasonable estimate 
of the number of sheep research projects at public institutions with applica-
tion to the sheep industry in 2005 is 1,300 to 1,500. 

According to USDA (2007d), 92.4 full-time equivalent (FTE) ARS and 
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university scientists were working on sheep research projects in 2005, the 
lowest number of FTEs associated with sheep research between 1998 and 
2005. The highest number of FTEs involved in sheep research during that 
period was 157.3 and the average was 113.4. The average annual number 
of scientist FTEs working on other types of livestock and their products 
between 1998 and 2005 was much higher, including 459.5 for beef, 409.8 
for dairy cattle, 324.1 for poultry, and 295.8 for swine. 

In addition to sheep research efforts reported in CRIS by USDA-ARS 
and at universities, the Economic Research Service of USDA also conducts 
economic analyses and compiles market reports important to the sheep in-
dustry. Unlike sheep research, quantitative data on expenditures, activities, 
and personnel involved in sheep extension are not readily available. Al-
though virtually every state has someone designated as the sheep extension 
specialist, their appointment for these duties may vary from 100 percent to 
5 percent or less depending upon the importance of sheep to the agricultural 
economy of the state. Likewise, county agricultural, livestock, and youth 
extension agents may spend a majority, a minority, or no time at all dealing 
with sheep extension activities. In counties where sheep are an important 
agricultural commodity, the county extension agent may be quite knowl-
edgeable about sheep and be able to service most needs of local producers. 
In counties where sheep are not important, however, sheep producers may 
be referred to the state sheep specialist with their problems. In states where 
there are very few sheep, the person designated as the state sheep specialist 
may refer more technical questions to his or her more knowledgeable col-
leagues at other universities. Nevertheless, the extension network is in place 
in every county in the United States so that sheep producers can access the 
system to get answers to their questions usually at no cost. Most state sheep 
specialists maintain computer websites that provide both basic and technical 
information on sheep production.

Development of Sheep Research and Extension Programs 

The individual lead scientist on a project, for the most part, determines 
the direction of sheep research and extension programs within the corre-
sponding university or ARS station. There is no one body or organization 
that assigns scientists to specific research or extension programs. Some states 
and some ARS research stations have sheep advisory committees composed 
of representatives of the sheep industry that make recommendations to 
individual scientists on the types of research and extension programs they 
feel would be most valuable to the industry. If a formal advisory committee 
does not exist to advise scientists on priority needs, there are still generally 
good informal communications between sheep producers and extension and 
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research scientists so that research needs of the industry are well known by 
scientists. 

Neither of the two regional coordinating committees for sheep re-
search (WERA-39 or NCERA-190) has authority to set research agendas 
at individual institutions. Participation by scientists in these committees, 
however, results in their familiarization with the strengths, interests, and 
current programs of scientists at other institutions. This knowledge results 
in collaborative projects and prevents unnecessary duplication of research 
among institutions. 

Of course, scientists applying for competitive grants at the national level 
must develop proposals that meet the research objectives of the particular 
grant program if they expect to be successful. The objectives of most grant 
programs reflect priorities expressed by the corresponding livestock indus-
tries. Even scientists seeking funding for their own research projects from 
within their organizations (e.g., ARS scientists seeking support for a project 
within their own research station and university scientists seeking support 
from their respective university’s Hatch Act allocation) must write a project 
proposal that is peer-reviewed for scientific worth and potential value to the 
sheep industry before it is funded. 

NATIONAL SHEEP ORGANIZATIONS 

Several national organizations work to strengthen the U.S. sheep and 
lamb industry. The roles they play in the industry are discussed in some 
detail here. 

American Sheep Industry Association, Inc. (ASI) 

The American Sheep Industry Association (ASI) is the primary national 
organization representing the interests of sheep producers throughout the 
United States. A federation of 44 state sheep associations, as well as indi-
vidual members and other sheep-related organizations, ASI is organized 
with a board of directors, an executive board, councils, committees, and of-
ficers. ASI and its constituent groups define, develop, and execute policy on 
issues affecting the sheep industry. Councils and committees include Animal 
Health, Legislative Action, Predator Management, Public Lands, Research 
and Education, and Resource Management. The goals of ASI are to:

•	 Develop an industry vision for the future;
•	 Be an advocate of public policy to protect, promote, and support the 

economical viability of the industry;
•	 Create strong national and international markets for wool through 

advertising, promotion, and marketing;
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•	 Advance and coordinate science and technology of production and 
marketing; and

•	 Promote communication and cooperation between all segments of 
the industry, related businesses, and government agencies. 

Funding for ASI work on legislative and membership issues comes 
from member dues and individual donations. Individual and state member 
dues are $0.03 per stock sheep and $6 per member and must be renewed 
annually. 

American Lamb Board 

The American Lamb Board (ALB) was authorized by the U.S. Secretary 
of Agriculture to administer the Lamb Promotion, Research, and Informa-
tion Order established under the Commodity Promotion, Research, and 
Information Act of 1996 [7 U.S.C. § 7411-7425; P.L. 104-127]. The ALB 
works to strengthen the domestic lamb industry’s position in the market-
place through advertising, public relations, culinary education, and retail 
promotions. The 13-member board represents all sectors of the lamb meat 
industry including six producers, three feeders, one seedstock producer, and 
three first handlers (harvesters and processors of lambs). 

In effect, the mission of ALB is to increase the demand for U.S. lamb 
through consumer advertising and promotion programs. The promotional 
activities of the ALB are funded by an assessment of $0.005/lb ($0.011/kg) 
on sheep sold by producers, seedstock producers, feeders, and exporters. 
Also, an assessment of $0.30/head is paid by first handlers. The ALB an-
nual budget for 2005 was approximately $2.7 million. The majority of the 
funds (75 percent) were spent on promotion. The effectiveness of the ALB 
in promoting increased consumption of lamb is considered in some detail 
in Chapter 4. 

National Lamb Feeders Association 

The National Lamb Feeders Association (NLFA) is a nonprofit organi-
zation whose primary purpose is to initiate, sponsor, and carry out plans, 
programs, policies, and activities that promote, encourage, and improve the 
production of lambs and sheep. Membership is open to all persons engaged 
in promoting and improving the production and marketing of lambs and 
sheep. Funds for NFLA activities come primarily from membership dues 
of $25 for associate, nonvoting membership, $100 plus $0.10/head for full 
voting membership, and $500 for industry associate membership (such as 
packers and breakers). 
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National Sheep Improvement Program 

The National Sheep Improvement Program (NSIP) is a computerized, 
performance-based program designed to identify sheep of high genetic merit 
for economically important traits. The NSIP uses the most modern, scien-
tifically proven technology to transform production records into estimates 
of genetic merit called EPDs. This technology has been used extensively in 
the dairy, beef cattle, and swine industries for many years, and is only now 
being implemented in the sheep industry. 

National Sheep Industry Improvement Center/ 
American Sheep and Goat Center 

The USDA National Sheep Industry Improvement Center (NSIIC) was 
approved by the U.S. Congress as part of the 1996 Farm Bill. Its mission 
is to assist the U.S. sheep and goat industries in enhancing the production 
and marketing of sheep, goats, and their products and to strengthen the 
infrastructure of the U.S. sheep and goat industries through grants and 
low‑interest loans. The NSIIC was privatized in 2006 and became the 
American Sheep and Goat Center (ASGC). The ASGC manages funds that 
are used in direct loans, loan guarantees, cooperative agreements, equity 
interest, investments, repayable grants, and grants to eligible entities either 
directly or through an intermediary. 

National Livestock Producers Association—Sheep and Goat Fund 

The National Livestock Producers Association (NLPA) maintains the 
Sheep and Goat Fund, a revolving fund established within NLPA to encour-
age innovation and efficiency in the sheep and goat industries by providing 
credit to eligible and qualified entities to make capital available for enhanc-
ing production methods and services; improve marketing efficiency, product 
quality, and industry infrastructure; and create opportunities for adding 
value to sheep and goat products. The fund was established as a result of 
a joint effort between NLPA and NSIIC. The ASGC now has oversight 
responsibility for the Sheep and Goat Fund, including budget approval and 
membership on the NLPA Board.

Dairy Sheep Association of North America 

The Dairy Sheep Association of North America (DSANA) represents the 
interests of dairy sheep producers and sheep milk processors in the United 
States, Canada, and Mexico. A major activity of the DSANA is sponsorship 
of the annual Great Lakes Dairy Sheep Symposium, which rotates between 
the three major areas of dairy sheep concentration in North America: (1) 
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Wisconsin and Minnesota; (2) New York, Vermont, New Hampshire, and 
Maine; and (3) southern Ontario and Quebec. The organization is funded 
through member dues. 

North American Hair Sheep Association 

The North American Hair Sheep Association (NAHSA) is composed 
of both purebred and commercial hair sheep producers, with the majority 
of the membership in Texas. Some goals of the organization are to develop 
high-value markets for meat and hides from hair sheep and to sponsor 
production sales of hair sheep and educational forums for the membership. 
The NAHSA has received a number of marketing and product development 
grants to further assist hair sheep producers. 

National Sheep Breed Associations 

Most of the more than 50 breeds of sheep in the United States are repre-
sented by a breed association or society whose purpose is to maintain breed 
purity through the maintenance of pedigree records of registered animals 
and to promote the benefits of their breed to the industry. 

POLICIES AND REGULATIONS  
RELATED TO THE LIVE SHEEP INDUSTRY 

A number of policies directly impact the production of live sheep. Many 
other policies affect live sheep production and feeding indirectly through 
their effects on lamb, wool, and other lamb product markets. This section 
focuses on those policies directly impacting the live sheep industry. Other 
policies affecting the industry through their effects on other segments of the 
sheep and lamb supply chain are discussed in Chapter 4. 

Policies Related to Eradication of Scrapie 

Scrapie, a transmissible spongiform encephalopathy (TSE), has been a 
major concern in the U.S. sheep industry for over 50 years. Although differ-
ent from bovine spongiform encephalopathy (BSE), the emergence of BSE 
as a possible human health hazard has renewed emphasis on eradicating 
scrapie as well as BSE. Information on scrapie, its clinical signs and trans-
mission, and testing methods and strategies for eradication are discussed 
in depth in Chapter 3. The U.S. Congress has committed substantial fund-
ing to the USDA Animal and Plant Health Inspection Service (APHIS) to 
eliminate scrapie in the United States by 2010. Concerns relating to scrapie 
transmission have resulted in restrictions on live sheep exports from the 
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United States, nonuse of rendered byproducts from sheep for use in certain 
animal feedstuffs, and a national scrapie initiative through APHIS. Require-
ments of the national scrapie program include: (1) routine testing of sheep 
at slaughter, (2) official identification (ID) to facilitate traceback of posi-
tive sheep found at slaughter, (3) movement restrictions and the removal 
of certain risk animals from infected and source flocks, and (4) a certified 
scrapie‑free flock program that requires unique flock and animal ID and 
pedigree information, as well as annual inspection of the flock for 5 years, 
recording all causes of death, and postmortem diagnosis of any suspect 
cause of death. Certified Scrapie Free flock status may be achieved in 5 years 
through this program. Although some countries are requiring more than 5 
years for certification, certified status may permit the export of live animals 
for breeding purposes. Since research studies have documented that scrapie 
is not transmitted through semen, several countries have accepted the import 
of semen from rams that meets their protocols and testing requirements. The 
ASI and other sheep organizations support the scrapie eradication program. 
Chapter 3 provides more details on the current status of scrapie and other 
disease issues for the U.S. sheep industry. 

National Animal Identification System (NAIS) 

Currently a USDA APHIS-administered voluntary program, the Na-
tional Animal Identification System (NAIS) was initiated as a result of 
concerns regarding TSEs and other diseases, quality assurance for safety 
and security of the U.S. food chain, and compliance with international re-
quirements for the export of meat and other animal byproducts. The sheep 
ID requirements for scrapie are currently accepted as meeting the NAIS goal 
of enhancing animal traceability. The long‑term goal of NAIS is to require 
individual animal ID that will comply with international standards utilized 
by all major livestock‑producing nations. The sheep industry currently sup-
ports the NAIS goals. 

Predator Management Programs 

Administered at the federal level by the USDA APHIS Wildlife Services 
Agency, predator management programs are financed by federal appropria-
tions; by state departments of agriculture; by sheep, goat, and cattle produc-
ers; and by state departments of wildlife. The extent of economic costs and 
animal losses due to predation is discussed in depth in a previous section 
in this chapter titled Predation Management. Animal damage control pro-
grams funded and implemented by Wildlife Services, and supported by state 
agencies and producers, are vital to the survival of the U.S. sheep industry. 
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Endangered Species Act (ESA) 

The general public, including most livestock producers, support the 
protection and recovery of threatened and endangered species (TES). The 
Endangered Species Act (ESA) is administered by the USDI Fish and Wild-
life Service (FWS). Specific examples of issues of concern that affect sheep 
production, especially on public lands, include the designation of the Sierra 
Nevada Bighorn sheep as a unique distinct population segment protected 
by the ESA, as well as other bighorn populations in Idaho, Wyoming, and 
Montana considered to be “threatened” by the presence of domestic sheep; 
the ESA protection of grizzly bear populations in the U.S. Intermountain 
States in the past; and the release of ESA‑protected wolf subspecies in several 
regions of the northern, intermountain, and southwestern regions of the 
United States. The major concerns of the livestock industry with respect to 
the ESA are threefold. First, the survival of TES should be critical if the risks 
to survival of a species are caused by humans (e.g., hunting of whooping 
cranes to near extinction for their plumage). The wisdom of TES designation 
is in question, however, if a species decline is caused by natural processes. 
Second, although ESA mandates that TES designation and recovery plans 
must be determined on the basis of best available science, some scientists and 
livestock producers question whether the FWS has been objective in select-
ing the science on which decisions are based. This concern was discussed in 
more detail in the previous section titled Wildlife Interactions. Finally, TES 
designation often results in management for a single species, which is not 
consistent with established principles of ecosystem management. 

Minor Use and Minor Species Act of 2004 

The Minor Use and Minor Species (MUMS) Act of 2004 (P.L. 108-282, 
108th Congress) facilitates the development, approval, and use of animal 
drugs intended for less common animal species or those with less common 
conditions (AVMA, 2005). Given the critical shortage of such drugs in the 
United States, veterinarians, animal owners, and livestock producers have 
had limited options for treating these animals if they become ill. The short-
age of approved drugs results in animal suffering, loss of animal life, and 
financial loss to those who raise the animals. 

The designation of sheep as a minor species under the MUMS Act makes 
more medications legally available to veterinarians and sheep producers to 
treat sheep, particularly for uncommon diseases. The MUMS Act provides 
pharmaceutical companies innovative options for overcoming the financial 
roadblocks they face in bringing limited-demand animal drugs to the mar-
ket. Before this legislation, pharmaceutical companies could rarely afford to 
bring to market such drugs because the markets were too small to generate 
an adequate financial return. 
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The law modifies provisions of the Federal Food, Drug and Cosmetic 
Act (21 U.S.C. § 9) to provide sponsors of a veterinary drug for sheep at 
least three new ways of bringing their products to market, including (1) 
“conditional approval” to make and keep the product on the market for 
up to 5 years while collecting the required effectiveness data; (2) request-
ing the Food and Drug Administration (FDA) to add the drug to an index 
of legally marketed but unapproved new animal drugs when the potential 
market for the drug is too small to support the costs of the drug approval 
process, even under a conditional approval; and (3) approval as a “desig-
nated” drug for which 7 years of marketing exclusivity are granted so that 
the sponsor faces no competition in the marketplace for the approved use 
of the drug for that time. 

Public Land Policies, Regulations, Fees, and Management 

With an estimated 25–30 percent of U.S. sheep grazing on public land 
allotments, public land grazing permits are critical to the sheep industry. 
Public lands are managed primarily by the USDI BLM and the USDA For-
est Service, as well as the Department of Defense, the USDI National Park 
Service, and various state agencies that manage state-owned lands. Grazing 
allotments are normally for a single livestock species. Grazing fees are de-
termined on an animal unit basis� annually by a congressionally mandated 
formula. Grazing allotment permits are generally renewed for 10 years but 
may be reviewed earlier if noncompliance or other environmental concerns 
(such as fire, floods, and TES designation) arise. 

The National Environmental Policy Act (NEPA) of 1969 (P.L. 91-190, 
42 U.S.C. §§ 4321-4347, January 1, 1970, as amended by P.L. 94-52, July 
3, 1975, P.L. 94-83, August 9, 1975, and P.L. 97-258, § 4(b), Sept. 13, 
1982), was landmark legislation passed by the U.S. Congress to ensure that 
public lands were protected and conserved for future generations. The act 
requires environmental assessments (EA) and more in-depth environmen-
tal impact analysis (EIA) based on best available science in more sensitive 
situations. NEPA embraces multiple use concepts, including appropriately 
managed livestock grazing, and public inputs to the decision‑making pro-
cess. Although the legislative intent of NEPA is sound, certain public interest 
groups opposed to livestock grazing have used NEPA to legally challenge 
agency decisions that permit continued livestock grazing when permits are 
reviewed for renewal. When bighorn sheep were released in the northern 
Sierra Nevada mountain range over 20 years ago, commitments were made 
to sheep producers by the U.S. Forest Service and California Fish and Game 
that their grazing permits would not be affected. A lawsuit filed against the 

�An animal unit is defined as one cow and her calf or five ewes and their lambs.
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U.S. Fish and Wildlife Service (FWS) in 2004 by the San Francisco‑based 
Center for Biological Diversity challenging all grazing permits adjacent to 
the designated Sierra Nevada bighorn habitat has resulted in reduction of 
grazing allotments for sheep producers, and the FWS has now responded 
to this lawsuit by designating over 400,000 acres as Sierra Nevada bighorn 
habitat for the current population of less than 100 bighorn sheep. The Cen-
ter for Biological Diversity and the Idaho‑based Western Watersheds Proj-
ect recently filed a lawsuit against the USDA ARS U.S. Sheep Experiment 
Station over grazing sheep on federal land. The research station has been 
grazing federal lands for over 90 years and is frequently used as a model 
for land stewardship by the U.S. Forest Service. The lawsuit was settled to 
the mutual agreement of USDA ARS and the plaintiffs in February 2008, 
and sheep grazing will continue on experiment station lands and lands with 
grazing permits. 

Even though a primary use of public land is for wildlife habitat, federal 
agency land managers have little or no control over this use since wildlife 
on public lands is managed and controlled by state wildlife agencies. If 
wildlife numbers, such as elk, become overpopulated in a multiple use area 
with livestock grazing and the state wildlife agency is unwilling to manage 
the elk population, then the only option available to the public land man-
ager is to reduce livestock grazing. Properly managed grazing systems on 
private lands optimize livestock and wildlife in harmony with the forage 
and habitat resources. 

Although invasive and nonnative plant species are widely acknowledged 
as the most serious threat to rangeland health on public lands, public man-
agement or control of invasive species is limited. Congress has recognized 
this concern through legislation but has not appropriated sufficient funds 
to begin even limited control measures on public lands. As discussed in an 
earlier section, targeted sheep grazing can be an effective part of the land 
manager’s efforts to control many of the invasive plant species. 

Mandatory Price Reporting 

Before 2001, information on livestock and meat market transactions 
reported by USDA was based on data voluntarily submitted by market 
participants. However, an increasing number of livestock transactions were 
being made under long-term marketing arrangements (LMAs) that set sales 
terms well before delivery of the animals for slaughter (Perry et al., 2005). 
Because the terms of LMAs were not reported during that period, USDA 
livestock price and volume data were increasingly based on a declining 
number of transactions. Concerns emerged that the cash market prices re-
ported by USDA did not reflect an increasing share of livestock sales. Along 
with growing concentration in the meat packing industry at the time, the 
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increasing lack of transparency in livestock transactions fueled concerns of 
packer manipulation of markets. 

The Livestock Mandatory Reporting (LMR) Act of 1999 (P.L. 106-
78) was the legislative response to these concerns. The LMR Act required 
major meatpackers to report all transactions covering hog, cattle, and lamb 
purchases and commitments to USDA. The act also required packers to 
report the details of fresh wholesale beef and lamb transactions. In imple-
menting LMR, the intent was to facilitate price discovery in the industry. 
Initial producer response to the LMR Act was negative primarily because 
of implementation problems that severely reduced the amount of price and 
volume data reported. At the same time, the data did not show that contract 
prices were higher than cash prices as many in the industry expected. The 
recent study by RTI International (2007) found that for the lamb industry, 
the primary effect of the LMR Act has been to reduce price risk rather 
than to influence the level of the price paid for slaughter lambs. The study 
found that implementation of the LMR Act in 2001 increased the slaughter 
lamb price by only 0.129 percent. Further, the study concluded that LMAs 
have had only a small effect on slaughter lamb prices. They found that a 
10 percent increase in slaughter lamb purchases through formula pricing 
increases the slaughter lamb price by an estimated 2.54 percent. In contrast, 
a 10 percent increase in slaughter lamb purchases through cash markets 
increases slaughter prices by an estimated 2.68 percent. On the other hand, 
they found that a 10 percent increase in packer ownership reduces slaughter 
lamb prices by only an estimated 0.23 percent. 

Federal Slaughter Inspection and Food Safety 

The federal regulatory agencies that administer inspection and food 
safety programs include the USDA APHIS, Food Safety and Inspection 
Service (FSIS), FDA, and the EPA. The FSIS is responsible for ensuring that 
packing plants adhere to the Humane Methods of Slaughter Act (USDA, 
2007e), and veterinarians employed by FSIS enforce the requirements for 
humane treatment of all animals prior to slaughter. Employees of FSIS in-
spect all sheep on the harvest floor of a processing plant. The FSIS is also 
responsible for governing the Pathogen Reduction/Hazard Analysis and 
Critical Control Point (HAACP) final rule (USDA, 2007f), which enforces 
safety, sanitation, handling, and processing requirements of all federally in-
spected slaughter and meat processing plants. Federally inspected plants are 
inspected and evaluated prior to the start of a production day and during all 
hours of production, and a follow-up inspection takes place after the closing 
clean-up is completed. All plants that ship meat and byproducts across state 
lines (interstate commerce) are federally inspected. State inspection is imple-
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mented in smaller local operations; however, their products are currently 
restricted to intrastate markets. An increasing number of state‑inspected 
facilities are used by direct marketers providing lamb to local markets and 
private customers. The HAACP is further discussed in Chapter 4. 

Animal Welfare Regulations 

There are no specific animal welfare or humane handling regulations 
for sheep. Sheep, however, are covered under two federal humane/welfare 
regulations: (1) the Humane Methods of Livestock Slaughter Act and (2) 
the 28‑Hour Law. Various state regulations also address animal welfare 
issues. 

Humane Methods of Livestock Slaughter Act 

The Humane Methods of Livestock Slaughter Act (7 U.S.C. §§1901–
1907) provides the requirements for the humane handling of livestock be-
fore and during the slaughter process. Included are provisions for holding 
and transportation of certain animals prior to slaughter and a separate sec-
tion for the handling and holding of nonambulatory or “down” livestock. 
The regulations promulgated under the act outline requirements for the 
specific method of slaughter such as captive bolt and electrical current. The 
regulations emphasize the minimization of “excitement and discomfort” to 
the livestock prior to slaughter. 

Under this act, only two methods of livestock slaughter are deemed hu-
mane and, therefore, legal: (1) rendering the animal “insensible to pain by a 
single blow or gunshot or an electrical, chemical or other means that is rapid 
and effective, before being shackled, hoisted, thrown, cast, or cut”; and (2) 
slaughtering “in accordance with the ritual requirements of . . . any other 
religious faith that prescribes a method of slaughter whereby the animal suf-
fers loss of consciousness by anemia of the brain caused by the simultaneous 
and instantaneous severance of the carotid arteries with a sharp instrument 
and handling in connection with such slaughtering. . . .” 

Twenty‑Eight‑Hour Law of 1877

The 28‑hour law (49 U.S.C. § 80502) addresses the transportation of 
animals, including those raised for food or in food production, across state 
lines. The statute provides that animals cannot be transported by “rail car-
rier, express carrier or common carrier” (except by air or water) for more 
than 28 consecutive hours without being unloaded for 5 hours for rest, 
water, and food. Sheep may be confined for an additional 8 consecutive 
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hours without being unloaded when the 28-hour period of confinement 
ends at night. 

State Welfare Regulations 

Few states have specific regulations regarding farm animal welfare. New 
Jersey enacted regulatory standards for the humane handling, housing, treat-
ment, and care of livestock and poultry. It is the first and only state currently 
to have such broad provisions related to livestock and poultry welfare. 

Ewe Lamb Replacement and Retention Program

The Ewe Lamb Replacement and Retention Payment Program (ELR-
RPP) operated through the Farm Service Agency (FSA) of the USDA pro-
vided producers direct payments in 2004 and 2005 to help them replace 
and retain ewe-lamb breeding stock. The ELRRPP intended to strengthen 
the lamb industry by providing the financial ability to invest in larger and 
genetically improved breeding stocks. The program paid eligible opera-
tions $18 for each qualifying ewe lamb retained or purchased for breeding 
purposes. The ELRRPP legislation continues to exist, but funding has not 
been provided since 2005.

Wool Price Supports and Incentive Payments 

The National Wool Act of 1954 established an incentive payment 
program for growers to be paid out of wool tariff revenues (USDA, 1999). 
The incentive portion included the establishment of a target price for raw 
wool and a payment to producers on the basis of the percentage difference 
between the national average market price and the target price. When the 
National Wool Act was repealed in 1992, wool production declined mark-
edly and the wool share of total revenues from sheep production fell to only 
about 10 percent compared to 20 to 25 percent in years when the Wool 
Act was in force (calculated from data in Meyer et al., 2006). The Farm 
Security and Rural Investment Act of 2002 reinstated wool price supports 
through marketing assistance loans (MALs) and loan deficiency payments 
(LDPs) for the 2002 to 2007 crop years. The wool LDP program is designed 
to support wool prices approximately at comparable price differences for 
similar grades of wool in the international marketplace. Current LDP pay-
ments to producers for nongraded wool, for example, are $0.41/kg. The 
only payment differentiation from nongraded wool is for less than 18.6-mi-
cron staple length wool, which has varied from $1.76/kg to over $2.20/kg. 
Although the market price varies substantially for graded wools, the LDP 
does not provide an incentive to growers for marketing graded, table skirted, 
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and classed wools other than the superfine grade of less than 18.6 microns. 
Chapter 5 has more details on the current wool policy. 

MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES OF THE U.S. LIVE SHEEP INDUSTRY 

The U.S. sheep industry is often described as an industry in decline. 
More appropriately, perhaps, the U.S. sheep industry could be described 
as being in “transition.” Without question, U.S. sheep inventories have de-
clined dramatically since the 1940s along with the number of sheep produc-
ers, sheep ranches, investments in research and extension, and government 
support. A closer look at the industry, however, shows that myriad forces 
of change—from the growing competition of lamb and textile imports to 
the changing dietary and fabric preferences of consumers—are honing and 
transforming the industry toward a potentially more efficient and competi-
tive future. The signs of the transition taking place are already beginning 
to appear, such as the recent slowing of the long-term decline in inventories 
in many range sheep states and the modest growth in many farm flock 
states. Other signs of the industry’s transition include the growth in direct 
marketing, the growth in importance of hair sheep breeds in several regions 
of the United States, and the emergence of the dairy sheep industry. The 
transformation is the result of numerous accomplishments of the industry in 
adjusting to the forces of change. Even so, the future survival of the industry 
will depend critically on the extent to which the industry recognizes and 
embraces the available opportunities for growth and change and how the 
industry chooses to respond to the many challenges it continues to face. 

Major Accomplishments of the U.S. Live Sheep Industry 

As the scale and competitiveness of the industry have diminished over 
time, the sheep industry and the supporting federal and state research and 
extension network have worked together to enhance the productivity and 
profitability of sheep production. A few of the more important accomplish-
ments in this regard include the following: 

•	 Increased productivity. The number of kilograms of lamb weaned 
per ewe has increased approximately 120 percent in the last 60 years. This 
has been achieved through genetic progress and improved nutrition, health, 
and management practices that have increased both the number of lambs 
weaned per ewe and harvest weight of lambs. The genetic potential exists 
to further increase productivity within the various production systems. A 
number of industry programs have facilitated these productivity increases. 
The land‑grant tradition of research programs to develop new technolo-
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gies combined with extension programs to provide producer education on 
uses of existing and new technologies was adopted by the sheep industry 
over 30 years ago through the Sheep Industry Development (SID) program, 
which is now a part of ASI. With the assistance of university and industry 
leaders and industry financial support, SID published the Sheep Production 
Handbook, which is now in its seventh edition and is the standard textbook 
for education programs and producer reference handbook throughout the 
United States. In addition, SID, and now ASI, have sponsored numerous 
symposia and published their proceedings to highlight new technologies and 
to identify continuing research and education needs. The industry continues 
to seek increased funding to support sheep research and education programs 
that will further increase lamb and wool productivity. 

•	 Improvements in lamb processing and merchandising. Over 60 per-
cent of lamb carcasses are further processed to retail‑ready or HRI (hotel, 
restaurant, and institution)‑ready products at the slaughter plant level, 
which is higher than for other red meats. Oxygen-free packaging systems 
have increased the shelf life of fresh lamb. These breakthroughs have in-
creased merchandising opportunities, especially in low‑volume markets. 
Shelf-ready lamb products historically included legs, shoulders, loins and 
racks or loin and rib chops, and lamb shanks, with remaining portions of 
the carcass often used for pet food products. Product development programs 
initiated by ASI representatives, meat research scientists, and lamb meat 
industry teams have developed value-added products that have improved 
consumer acceptance of lamb. Examples include sirloin chops from the 
traditional leg of lamb that are merchandised at more than twice the price 
of legs, dividing the remainder of the leg into butt and shank portions to 
reduce product package size to more desirable consumer amounts, further 
processing lamb shoulders into steaks and shish kebab products, further 
processing rib cages into products such as Denver ribs and lamb riblets, 
processing the remainder of the carcass trim into ground lamb, and more. 
New product developments have been promoted with industry checkoff 
funds and cooperative promotions with lamb processors and retailers. 

•	 Increased cull ewe market value. Cull ewes historically were sold 
for $8–$12 per ewe. Emergence of the demand for cull ewes for slaughter 
in Mexico has increased their sale price to $40–$60 per ewe, depending on 
quality and weight. Domestic demand for cull ewes (mutton) has increased 
in recent years with the increased Hispanic and Asian immigrant populations 
in the United States. With an average 5- to 6‑year productive life, reduced 
depreciation costs have increased profit potential for sheep producers. The 
marketing of cull ewes to Mexico has largely been developed by producers 
and industry entrepreneurs. The domestic market has been developed by 
cull ewe processors and marketers that serve growing U.S. ethnic markets. 

•	 The use of sheep and goats in vegetation management. The use of 
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sheep and goats for targeted or prescribed grazing has been well documented 
in the last 10 years by researchers and practitioners. Sheep are used, for 
example, to control invasive and nonnative weed, grass, and small shrub 
species. Goats are also effective for weed control and are the preferred ani-
mal species for heavily infested brush control. Sheep are also used to graze 
firebreaks to protect ecologically sensitive areas and residential areas near 
the urban/wild land interface and to control competing vegetation in new 
tree plantations. The American Sheep Industry Association has published a 
handbook on targeted grazing (Launchbaugh, 2006). 

•	 Mapping of the sheep genome. Scientists in U.S. and international 
laboratories are seeking gene markers for the major economically important 
traits of sheep such as larger litter size, lean meat production, superfine 
wool production, internal parasite resistance or tolerance, reduced seasonal 
breeding for year-round lambing, and foraging behavior. Although these 
state‑of‑the‑art genetic technologies are in their infancy, future potential 
could accelerate genetic progress. 

•	 Sheep breed and genetic improvements. The number of available 
sheep breeds has increased substantially in the last 40 years. Several of 
the new breeds perform at higher levels than breeds that were available 
before their arrival. Some notable examples are the high litter sizes of the 
Finnsheep and Romanov, the high milk production of the East Friesian and 
Lacaune, and the increased muscle mass of the Texel. The relatively recent 
increase in breeders of hair sheep offers a genetic resource for expansion of 
the U.S. sheep industry in the southeastern United States, where wool sheep 
are poorly adapted and sheep numbers have been historically low. Also, 
the NSIP has developed one of the most advanced programs for genetic 
improvement in the world. It utilizes state-of-the-art genetic technology to 
help producers genetically improve their flocks for reproduction, growth, 
and wool production. The NSIP calculates across-flock EPD based on the 
animal’s own performance and that of its relatives, which producers use in 
their selection, mating, and culling decisions. The increased use of artificial 
insemination (AI) practices has also enhanced the availability of genetically 
superior sires and improved the market potential for superior germplasm. 

•	 Sheep research and extension support. The generation of sheep re-
search results and the transfer of these results into practice on U.S. sheep 
farms is accomplished through the cooperative funding of sheep research 
and extension by federal, state, and local governments and the integration 
of extension service and research scientists within land‑grant universities. 
Over $40 million is spent annually on 1,300 to 1,500 sheep research projects 
conducted at ARS stations and at land‑grant universities. State sheep exten-
sion specialists and county extension agents interact directly with research 
scientists and assist sheep producers in the transfer of research results into 
practice. Although sheep producers provide few funds for sheep research, 
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their national organizations such as ASI, support valuable educational func-
tions and influence sheep research and extension activities conducted by 
public institutions. 

•	 Improvements in sheep-environment interface. Research on forage 
feeding has developed new types of forages that use the land resources 
wisely. For example, research on the use of brassicas in a cropping system 
as a second crop is allowing producers to plant a cover crop that may re-
duce soil erosion and will provide nutritious feed for ewes and lambs when 
pastures normally are dormant. The discussion on targeted grazing earlier 
in this chapter emphasizes the current and future potential of sheep to con-
tribute to environmental and rangeland health. 

•	 Improvements in lamb feeding and nutrition. The National Academy 
of Sciences (NAS) recently published a revised edition of the nutrient re-
quirements for sheep included in the report, Nutrient Requirements of Small 
Ruminants (NRC, 2007). A cursory review of the historical editions clearly 
demonstrates that nutrient requirements have increased to meet the nutri-
ent demands of the significant increases in reproductive efficiency and lamb 
growth rates in the last 50 years. Research reported in the current edition 
of the NAS publication documented the increased needs of both macro- and 
micronutrients to support current levels of productivity. Educators have 
developed and producers have implemented new feeding regimes for both 
forage-based and concentrate-based feeding regimens that recognize the 
current nutrient demands for reproduction, lamb growth, and wool produc-
tion. Producers now have a better understanding of how the nutritive value 
of certain feedstuffs will contribute to reproduction, lamb growth and feed 
efficiency, and product quality to the consumer. 

Major Opportunities and Challenges of the U.S. Live Sheep Industry 

Key opportunities for enhanced efficiency and competitiveness of the 
U.S. sheep industry include the following: 

•	 Continued productivity improvements. The potential clearly exists to 
continue the momentum to improve productivity and production efficiency 
through continued improvements in the genetic, nutrition, animal health, 
and management programs that have contributed to the dramatic increases 
in kilograms of lamb marketed per ewe in the last 60 years. Realizing the 
potential, however, will require continued public support of research and 
education programs, as well as industry leadership and producers who are 
prepared to meet the challenges of change. 

•	 Targeted or prescribed grazing. Using sheep and goats for specific 
vegetation management practices is an important tool available to land man-
agers. Chemical and mechanical means, controlled burns (fire), and manual 
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labor are other options, all of which are expensive and often not acceptable 
to the public. Producer practitioners have been paid to implement targeted 
grazing or have been provided grazing at no cost, suggesting that this could 
be a potential supplemental income source or a means of reducing produc-
tion costs for sheep and goat producers, and at the same time providing a 
public good for communities and society. 

•	 Forage finishing for competitive advantage. Lambs can be grown 
postweaning on high‑quality forage pasture or crop residues to slaughter 
weight or to weights that minimize grain feeding in feedlots. With current 
high feed grain costs and the likelihood of continued increases, forage finish-
ing could enhance lamb’s competitive position relative to other red meats. 
Forage‑feeding systems have historically been lower cost than concentrate 
feeding, suggesting that they could be more price-competitive with imported 
lamb products in the retail meat case. 

•	 Emerging ethnic markets for lighter‑weight lambs. The emerging and 
rapidly expanding ethnic markets for lamb present a particularly important 
opportunity for greater direct marketing of lambs. Ethnic markets for high-
quality, lighter-weight lambs at current market premiums could potentially 
revolutionize lamb production, marketing, feeding, and processing systems. 
Lambs from the hair sheep breeds are generally smaller framed and lighter 
weight at slaughter, and fit well with the demands of many ethnic markets. 
Highest priority should be to invest in research to better understand this 
market and its implication for the U.S. sheep industry. 

•	 The sheep genome and gene biotechnology. Completion of the map-
ping of the sheep genome is a major breakthrough in the potential for genetic 
improvements. Australia and New Zealand are already merchandising gene 
markers for superfine wool production and internal parasite resistance, and 
continue to invest in the development of additional gene markers for genetic 
improvement in lamb and wool production. Although there are currently 
only limited funding resources for sheep genomics research in the United 
States, the potential use of these new technologies for genetic improvement 
clearly suggests that this should be a high‑priority investment. Gene biotech-
nology, including molecular genetics and gene therapy, have the potential of 
providing more effective vaccines and medications to protect against animal 
diseases and to correct gene deficiencies and dysfunctions. Research using 
sheep as the biological model for human biomedical research has developed 
the technologies for direct use of gene therapies and molecular genetics to 
address sheep genetic deficiencies and dysfunctions. However, little support 
is available for this research opportunity. 

Despite the opportunities, the U.S. sheep industry faces a number of 
key challenges that must be overcome to achieve sustainable growth and 
economic competitiveness, including the following: 
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•	 Critical mass. A major challenge facing the industry is the decline in 
sheep numbers, which has resulted in the decline of industry infrastructure, 
including lamb and wool market outlets, sheep slaughter and processing 
facilities, low volumes of product for available markets, lack of qualified 
sheep shearers and wool classers, reduced market providers of the supplies 
and equipment essential for sheep production, and reduced state and federal 
support for sheep research and education faculty. While these changes in 
infrastructure and markets have been forced by the reduction in the scale 
of the industry, the consequence is that the sheep industry today has a 
weak platform from which to maintain the transition underway, let alone to 
launch significant and rapid industry growth and development. 

•	 Predation. The continued management (control) of predator popula-
tions by USDA Wildlife Services, as well as state and producer‑supported 
programs, is critical to the survival of the U.S. sheep industry. Increased 
predation problems in wildlife populations in many states indicate the need 
for sheep industry alliances with wildlife agencies and interest groups. 

•	 Livestock, wildlife, and threatened and endangered species manage-
ment. Management programs will need to recognize the importance of eco-
system management based on the best available science rather than specific 
species management plans or practices that exclude appropriate multispecies 
management systems. 

•	 Price determination/price discovery. The Mandatory Price Reporting 
(MPR) system has resulted in more price reporting for live lambs and has 
generated more information on imported lamb carcass prices. Even so, the 
lack of information on prices due to confidentiality issues continues to be 
a primary challenge in feeder and slaughter lamb markets. Also, relatively 
little public data are available for assessing relative prices between domestic 
lamb carcasses and imported lamb carcasses. At the same time, most slaugh-
ter lambs are now being priced using formulas or are packer fed so that 
the lamb price discovery process is now based largely on carcass or cutout 
values. Consequently, price is determined by negotiation or formula related 
to carcass quality. As a result, a significant amount of the risk is shifted from 
the buyer to the seller, especially for pricing based on quality. 

•	 Adjustment to emerging markets for lamb. While continued growth 
of ethnic-based markets for lighter‑weight lambs may have a potentially 
positive impact on lamb demand and prices, the existing industry infra-
structure must respond sufficiently to accommodate the potentially major 
changes this market opportunity may require. Changes in sheep industry 
leadership policies and programs may be required. 

•	 Adoption of genetic improvement technology. Compared to breeders 
of dairy cattle, beef cattle, swine, and poultry, purebred breeders of sheep lag 
behind in the adoption of genetic improvement technology, with decisions 
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often based on show ring performance rather than commercial efficiency 
criteria. Only a small number of sheep breeders are using accurate estimates 
of genetic merit and performance‑based criteria for economically important 
traits in their selection decisions. The result is less than optimum genetic 
improvement in the entire U.S. sheep population, which may ultimately 
result in sheep being less competitive with other livestock species. Increased 
enrollment of purebred flocks in the NSIP could be helpful in this regard. 

•	 Sheep and wool research funding. Sheep and wool research receives 
the smallest amount of funding of any of the livestock sectors, resulting in 
less development of new technology and educational support for the sheep 
industry relative to other livestock sectors. The lack of new technology for 
the sheep industry relative to other livestock species will likely result in the 
sheep industry being less competitive, leading to further decreases in sheep 
numbers, further reductions in sheep research and extension efforts, even 
less new technology, and continued negative pressure on the competitiveness 
of the industry. 

•	 Sheep research and extension at land‑grant universities. A decreased 
emphasis on sheep research is already evident at land‑grant universities. 
For example, in most departments of animal science there is at least one 
research scientist working in each of the core areas of nutrition, reproduc-
tion, genetics, and product (meat, milk, or eggs) with each of the livestock 
sectors of dairy cattle, beef cattle, pigs, and poultry. However, there are few 
departments that have three or more scientists working in the sheep area. 
Most departments have two or fewer. The main focus of the sheep research 
program at a particular university or ARS station most often is in the core 
area of the sheep scientist’s training, resulting in a deficiency of work in 
other areas. Some sheep scientists try to become generalists and cover all 
areas with highly applied research efforts. This approach is effective in the 
short term in generating useful information for producers but does not 
result in the generation of new basic knowledge for the development of 
new technologies for application in the future. A possible solution to this 
downward spiral is the formation of several sheep research and extension 
consortia among land‑grant universities and ARS stations. Three or more 
neighboring states with similar types of sheep production systems could 
form a consortium. Land‑grant universities and ARS stations within those 
states could each agree to cover certain specific sheep research areas so that 
all major areas important to sheep production in the region are covered by 
at least one effective research program. The results of all research programs 
would be readily available to sheep extension personnel in all states for ap-
plication to sheep producers. By necessity, several informal arrangements of 
sharing expertise across states have evolved among sheep scientists. There is 
now a need, however, to formalize such arrangements in order to gain the 
most benefit out of limited sheep research and extension resources. 
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Sheep Health Issues

Maintaining the health of a flock is imperative for a successful sheep 
operation because disease imposes both apparent as well as hid-
den costs on the operation. Obvious expenses include the price of 

treatments and death loss. Hidden costs can be attributed to disease-related 
production inefficiencies. For example, a ewe that is lame or one that suffers 
from ovine progressive pneumonia (OPP) will produce less milk than her 
genetics or nutrition should allow and, therefore, may raise lambs with a 
reduced rate of gain. There are little or no data, however, on the economic 
impacts or the true prevalence of most of the disease conditions affecting 
sheep in United States. The lack of this information makes it quite difficult 
to make decisions regarding the allocation of resources as well as the deter-
mination of research and policy priorities. 

Some of the more common costs associated with ill or unthrifty sheep 
include but may not be limited to:

•	 Treatment;
•	 Mortality;
•	 Premature culling;
•	 Lower number of live lambs born as a result of (1) failure of the ram 

to settle ewes, (2) reduced conception rates, (3) failure to carry lambs to 
term, and (4) failure to give birth to live lambs;

•	 Reduced birth weights;
•	 Weak lambs (little or no colostrum);
•	 Reduced rate of gain either due to poor milk production by the ewe 

or poor health of the lamb;
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•	 Disease that results in wool loss or lower quality wool; and
•	 Labor costs associated with treatment. 

Maintaining the health of the national flock has even broader impli-
cations than for any given individual flock. An introduction of a foreign 
animal disease or an endemic disease that mutates may result in large-scale 
repercussions such as a food safety event that could result in human illness 
and decreased consumer confidence. In the past decade, > 70 percent of the 
emerging diseases have been zoonotic (Woolhouse and Gowtage-Sequeria, 
2005). The U.S. sheep industry has been fortunate to avoid a significant cri-
sis resulting from a highly contagious or zoonotic disease outbreak. To pre-
vent complacency, the industry as a whole will need to systematically review 
worldwide conditions and disease reports as well as suspicions of diseases 
mutating to a more virulent strain. One of the greatest vulnerabilities is the 
risk of introducing a foreign animal disease. When introduced into a native 
population, foreign animal diseases may spread rapidly because the animals 
have no immunity to the disease. In many cases, the outbreaks result in a 
high death losses and/or severe production losses. To illustrate that the cost 
of prevention is usually much less expensive than control or elimination, 
the World Organization for Animal Health (OIE) commissioned a study to 
compare the cost of preparedness and prevention versus the cost of control 
for avian influenza. Even without considering the indirect financial impacts, 
the benefits of prevention far outweighed the potential outbreak costs and 
losses (Agra CEAS Consulting, 2007).

The intent of this chapter is to examine broad issues regarding health 
and how they may impact the economic viability of the sheep industry as a 
whole, as well as individual sheep operations. The chapter is not intended 
to serve as a comprehensive review of sheep diseases. Certain diseases are 
highlighted to illustrate different points. A detailed review of scrapie is 
included because it is the only sheep disease that has had a congressionally 
funded control program in place for over 50 years. 

MANAGEMENT PRACTICES REGARDING HEALTH 

Sound flock health management practices are the key to disease preven-
tion and control. While it is important to have vaccination and treatment 
programs for specific diseases, a holistic approach founded on prevention 
can be the most effective tool for maintaining a healthy flock. This in turn 
increases productivity. The basic management tools include:

•	 Biosecurity, including maintaining a closed flock or restricting the 
number and source of replacements;

•	 Recordkeeping, including animal identification;
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•	 Technical resources; and
•	 Availability of effective vaccines and treatments.

Biosecurity and Replacement Practices 

Diseases gain entry into and spread within flocks by various routes. 
Most commonly, they are brought in by the introduction of new animals 
or by animal contact at points of concentration such as shows, sales, fairs, 
and sale barns. Disease can also be spread by vectors that include visitors, 
equipment, feed, and insects. Good hygiene and biosecurity measures are 
important methods of preventing the spread of disease into and within a 
flock. Although there are costs associated with biosecurity measures, they 
have the potential to halt the entry of pathogens that may result in disease. 
As stated previously, the costs associated with disease are both direct (treat-
ment and mortality losses) and indirect (production losses) and usually are 
higher than the expense of prevention. 

Biosecurity refers to measures taken to keep diseases out of populations, 
herds, or groups of animals or to limit the spread of diseases. Successful 
biosecurity measures must address isolation of new animals brought to 
the farm; isolation of sick animals; regulation of the movement of people, 
animals, and equipment; correct use of feed; and procedures for cleaning 
and disinfecting facilities. The responsibility for a successful biosecurity 
program falls on the owner (European Community, 2007). The American 
Sheep Industry Association (ASI) has a fact sheet on biosecurity that pro-
vides useful advice.�

The 2001 National Animal Health Monitoring System (NAHMS) study 
(USDA, 2002) found that more than one‑half of the sheep operations with 
100 or more head added replacements from the outside in 2000. This was 
also true for approximately 25 percent of operations with 1–24 sheep and 
close to 40 percent of the operations with 25–99 head. Approximately 80 
percent of all operations added sheep in the last 9 years (USDA, 2003a).

New replacements from other flocks pose a risk of introducing a dis-
ease into an existing flock. Certain precautions may be taken to minimize 
this risk. Effective prevention measures may include obtaining a complete 
history of the flock of origin, testing for certain diseases prior to and after 
movement, isolation and quarantine on the new farm, vaccination, treat-
ments such as medicated foot baths, and deworming. When introducing/
purchasing animals from another farm a good practice is to investigate the 
health status of the flock of origin. This inquiry should include a discussion 

�http://www.sheepusa.org/index.phtml?page=site/text&nav_id=3c081c2af5f98f1a054911
d06824094f.
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with the producer about biosecurity practices, as well as a review of vaccina-
tion and testing programs, veterinary visits, and laboratory reports. 

Although quarantine is an effective way to monitor for and prevent 
disease introduction, only 33.9 percent of operations accounting for 16.4 
percent of new additions administer any type of quarantine prior to com-
mingling new animals with the existing flock. Contact with other sheep dur-
ing shows, exhibitions, breeding, grazing, and other encounters also poses 
a risk of disease transmission. Over 50 percent of operations report such 
contacts, yet less than 30 percent made an attempt to decrease nose‑to‑nose 
contact (USDA, 2003a).

On most operations, the major treatments performed on the new addi-
tions either prior to or upon arrival include deworming (75.2 percent) and 
vaccination (61.8 percent). A larger percentage of operations performed 
these two treatments after arrival than before movement. Another effective 
method of keeping certain diseases out of flocks is to test for diseases prior 
to an animal leaving a flock and then retest again in quarantine. This does 
not appear to be a common practice. Only 6.3 percent of operations test 
for OPP and 3.4 percent for Johne’s disease prior to or upon arrival into 
the new flock (USDA, 2002).

Visitors who borrow equipment, feed, rendering, and other service-re-
lated vehicles can also bring disease agents onto a farm. This is especially 
true with highly contagious diseases such as foot and mouth disease (FMD). 
Of operations that allowed visitors, only 22.6 percent had any biosecurity 
requirements for visitors. 

A proactive management practice is to prevent introduction of disease 
into a flock rather than reacting to an introduction or outbreak of disease. 
Prevention is also the safest and least costly method of protection. A plan 
of prevention requires each farm or ranch operator to carefully evaluate 
their management practices in order to identify specific practices that could 
present potential risks in their production unit and incorporate the com-
mon sense biosecurity practices necessary to reduce those risks. Biosecurity 
management plans are intended to minimize the factors that increase the risk 
of disease transmission into and within flocks and maximize the factors that 
decrease disease. The existing data suggest that certain producer behaviors 
and lack of effective disease management practices increase the vulnerability 
of many sheep operations to disease (USDA, 2003b). 

There are a number of important endemic diseases or disease conditions 
that can enter a flock unless adequate biosecurity measures are in place. 
These are described in the following subsections:
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Infectious Foot Rot

Infectious foot rot can quickly become a chronic problem. It is difficult 
to eliminate, requiring time, labor, and financial resources. Foot rot can be 
introduced by adding sheep from any source, borrowing rams for breeding, 
sharing infected pastures, sharing common holding areas such as at sales 
and shows, and sharing common hauling or shearing trailers. Warmth and 
moisture, which are conducive environmental conditions for the transmis-
sion of foot rot, can lead to a large proportion of a flock becoming infected 
within 1–2 weeks. 

Foot rot in sheep has two forms, benign and virulent. The virulent 
form may be quite severe, causing an animal to limp or be unwilling to 
place weight on one foot. If more than one foot is affected an animal may 
graze on its knees or not get up at all. Economic losses may be considerable 
and consist of treatment costs for labor, drugs, vaccines, and equipment; 
decreased flock productivity (poor growth rates, reduced wool growth and 
poor wool quality and reduced fertility); and loss of sales. 

Foot rot is the result of the action of two bacteria. Fusobacteria nec-
rophorum, which is present in the environment, assists Dichelobacter (for-
merly Bacteroides) nodosus, the causal agent in its quest to invade the hoof. 
D. nodosus does not survive in the environment for more than a few days 
to 2 weeks. It can, however, persist in the feet of infected sheep for many 
years even under dry conditions. 

Foot baths, parenteral antibiotics, topical treatments, vaccines, trim-
ming of the feet, and rigorous culling, as well as determination and dedica-
tion may be required to eliminate foot rot from a flock. Some producers 
opt to depopulate and start over. Prevention is the best option (Seaman and 
Evers, 2006; Radostits et al., 2007).

Ovine Progressive Pneumonia (OPP)

Ovine progressive pneumonia (OPP), which is also known as Maedi-
Visna in Europe, is caused by an ovine lentivirus that induces a persistent 
infection in sheep and may result in lymphoproliferative changes in the lung, 
mammary gland, brain, and/or joints. Because of the nature of the virus, the 
animal never develops complete immunity and fails to completely eliminate 
the virus. Lambs may become infected at birth or shortly thereafter by the 
ingestion of infected colostrum and/or milk. Lateral transmission via a re-
spiratory route has also been documented in older sheep. The importance 
of each route may vary between flocks and management practices. 

Even in flocks that have a significant rate of infection, the manifestation 
of clinical disease is low. Clinical disease is not apparent before 2 years of 
age and is most common after 3 years. The disease develops insidiously with 
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the earliest sign being a loss of body condition, which is why this disease 
is sometimes called “thin ewe syndrome.” Dyspnea develops later and may 
lead to exercise intolerance, causing a ewe to fall behind the rest of the flock. 
In some cases there is mammary gland or joint involvement. The disease is 
also known as “hard bag.” The milk is normal in appearance but there is 
little to no volume.

Economic losses associated with OPP are primarily the result of pre-
mature culling, the loss of value for the mature clinically affected animals, 
mortalities, and the possible effects of subclinical infection on productivity. 
A review of other countries’ import regulations indicates that these may be 
barriers to U.S. sheep.

Once OPP has been introduced into a flock it is difficult and costly to 
eradicate because there is no treatment. If a flock is free of OPP, consider-
able effort should be made to maintain this status and prevent introduction 
of the disease. Control may be attempted by segregating lambs at birth and 
hand raising them on bovine milk or milk replacers. Another strategy is to 
test and cull serologically positive animals and their offspring (Radostits et 
al., 2007).

Seroprevalence of OPP was measured during the 2001 NAHMS sheep 
study by testing sheep on randomly selected sheep operations. More than 
21,000 samples collected at 682 operations were tested. The seroprevalence 
was calculated to be 24.2 percent. Overall, 36.4 percent of the operations 
had one or more positive animals (USDA, 2003c). 

Contagious Ecthyma 

Contagious ecthyma, also called soremouth or orf, is caused by the orf 
virus, genus Parapoxvirus. It is commonly introduced into a flock by the 
purchase of new animals or by contact with other sheep at fairs and shows. 
Soremouth most commonly affects young lambs but may also affect adult 
sheep, especially in previously unexposed flocks. The animals develop pap-
ules on the lips and mouth with occasional involvement of the udder and 
teats. The papules progress to vesicles and then scabs. The virus remains 
infectious in the scabs for long periods under dry conditions. 

Once infected, the immunity in a sheep lasts for many years; however, 
this immunity is not transferred via colostrum, and hence newborn lambs 
are susceptible. In flocks with preexisting immunity the economic impacts 
are usually minor. More severe financial losses may occur if very young 
animals develop lesions severe enough to interfere with nursing. This would 
also be true if lesions develop on the teats of lactating ewes. The disease can 
be zoonotic, but most people recover uneventfully (Radostits et al., 2007).
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Caseous Lymphadenitis (CL)

Caseous lymphadenitis (CL) can be of considerable economic impor-
tance to the sheep industry because it results in reduced growth weights, 
reduced fleece weights, and carcass condemnation. The disease affects both 
sheep and goats and is a chronic recurring disease. Sheep are usually exposed 
to the organism through skin or mucous membranes, but the bacteria usu-
ally enter through wounds or abrasions. The source of the bacterial agent 
(Corynebacterium pseudotuberculosis) can be abscesses on the sheep, the 
environment, or equipment (especially shearing equipment). The pus con-
tains large amounts of bacteria that can survive in bedding and soil for 
many months.

Sheep infected with CL present with abscesses especially around the 
head and neck, and the number of abscesses usually increases with age. Most 
often, the abscesses are in surface lymph nodes but can become systemic 
and appear in internal nodes and organs (e.g., lungs and liver). An initial 
infection may result in no clinical signs; however, as the animal ages, this 
changes. The disease may contribute to “thin animal syndrome.” Broncho-
pneumonia, abortion, arthritis, and central nervous system abscesses may 
occur with CL infection, but these are not common findings.

A diagnosis of CL is usually made using history and clinical signs. The 
organism may be cultured. Although there are serological tests available, 
they have limitations because infected animals may test negative if abscesses 
are walled off, young animals (< 6 months) may test positive because of 
colostrum titers, and vaccinated animals will test positive.

Treating animals infected with CL with antibiotics is not effective. Ani-
mals with signs should be culled. Because shearing is one of the primary 
means of within-flock transmission, older animals should be shorn last. The 
vaccine reduces incidence and prevalence, but it will not cure the disease and 
will not prevent new infections. Because eradication is extremely difficult, 
prevention is key (Radostits et al., 2007).

Johne’s Disease 

Johne’s disease, which is caused by Mycobacterium avium paratubur-
culosis, causes a wasting condition in sheep for which there is no vaccine in 
the United States and no treatment. Like OPP, elimination of Johne’s disease 
from a flock is difficult and expensive. Johne’s disease also has trade implica-
tions for sheep exported from the United States. The disease is discussed in 
greater detail in sections below.
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Ram Epididymitis (RE)

Ram epididymitis is more common in western range flocks and com-
monly introduced with the purchase or use of infected rams. The organism 
responsible for RE is Brucella ovis. Rams infected with B. ovis have reduced 
fertility or may be sterile. The disease may influence the number of rams 
required. Lambing percentages may be reduced by 30 percent in recently 
infected flocks and by 15–20 percent in flocks with endemic infection. In 
flocks that have a prevention/control program for RE, there is an additional 
return of $12.00 per ewe mated (Kimberling and Schweitzer, 1989). Ewes 
are somewhat resistant, but the disease may cause early embryonic death 
and, in some cases, abortion (Radostits et al., 2007).

Scrapie

Scrapie is an insidious, degenerative disease affecting the central nervous 
system of sheep, goats, and moufflon. Scrapie is discussed in detail later in 
this chapter.

Internal Parasites (Resistant Worms)

Internal parasites are addressed in the section on diseases of economic 
impact or concern.

Recordkeeping

To maximize profitability, it is imperative that production parameters 
including disease status are measured. Accurate assessments of production 
efficiency cannot be made without records and identification. Without re-
cords, there are no yardsticks by which to measure possible problems and 
improvements. Records provide a baseline and can assist in determining 
which management practices help improve the operation and which may 
add costs without return. Without records, many of the silent inefficiency 
losses caused by disease may go unnoticed. The NAHMS 1996 Sheep Health 
and Management Practice study found that almost 20 percent of produc-
ers kept no records (USDA, 1996). In 2001, the study found that slightly 
over 30 percent did not keep records (USDA, 2002). The study did not go 
into detail about which specific records were kept or what production pa-
rameters were recorded. Records that would assist in evaluating the overall 
health status of a flock include the number of ewes exposed to the ram, any 
abortions and cause, number of lambs born, number of live lambs born, 
reason for lamb deaths, birth weights, body and udder condition of the 
ewe, condition of the colostrum, any apparent clinical disease conditions, 
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any serological or other evidence of disease, necropsy results, number of 
lambs at weaning, weaning weights, yearling weights, vaccinations given, 
treatments, cost of the treatment (including labor), and number of animals 
culled and reason for culling.

Identification

Another important component of flock management and disease control 
is identification. Identification is critical for timely tracing of disease spread 
and eventual elimination. In addition, if animals are not identified, measur-
ing production efficiency is difficult especially in relationship to the cost of 
disease. The 2001 NAHMS study found that 27.4 percent of all operations 
participating in the survey used flock identification (all animals have the 
same identification), of which more than 87 percent of the operations with 
flocks over 1,000 head used flock identification (USDA, 2002).

Perhaps most important, the 2001 NAHMS study found that 80 per-
cent of all operations used some form of individual identification, including 
68 percent of the large flocks (> 1,000 head), emphasizing the importance 
of identification if scrapie is ever to be eliminated from the United States. 
Hence, in November 2001, a federal regulation requiring the identifica-
tion of certain classes of sheep went into effect (Federal Register, 2001). 
The statistics mentioned above reflected industry practices prior to this 
regulation.

The sheep industry has a more complete ID system than exists for any 
other species in the United States at this time. Three national sheep industry 
programs have an identification component, including the National Scra-
pie Eradication Program (NSEP), the Scrapie Flock Certification Program 
(SFCP), and the National Animal Identification Program (NAIS). Only the 
NSEP is mandatory. 

National Scrapie Eradication Program (NSEP) Regulations 

Near the end of 2001, final regulations for the NSEP were published 
under Title 9, Part 79 of the Code of Federal Regulations (CFR; Federal 
Register, 2001). These regulations require official identification for sheep 
and goats moving interstate. The purposes of the regulations were to provide 
a more effective national program for scrapie surveillance and to facilitate 
the traceback of scrapie-positive animals. The lack of identification and 
records was found to be hampering scrapie control efforts

Animals required to be identified in 9 § CFR 79.3 must be officially 
identified to the flock of birth upon change of ownership. In cases where 
the flock of birth cannot be determined, the animal is to be officially identi-
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fied to the flock of origin (flock in which an animal most recently resided 
for breeding).

Animals required to be officially identified include:

a.	All breeding sheep;
b.	All sexually intact animals for exhibition;
c.	 All sheep over 18 months of age;
d.	All exposed and high-risk animals including all low-risk exposed 

animals, genetically susceptible exposed animals, genetically less susceptible 
exposed animals, and genetically resistant exposed sheep;

e.	 All suspect and test-positive animals;
f.	 Animals from noncompliant flocks;
g.	Breeding goats, except low-risk commercial goats.

Animals not required to be individually identified include:

a.	 Slaughter sheep (sheep in slaughter channels) under 18 months. 
(Note: If a sexually intact sheep is sold at an unrestricted sale [any sale that 
is not a slaughter or feeding for slaughter sale], it must be identified. If these 
animals cannot be identified to flock of origin, they must be identified with 
slaughter only tags);

b.	Wethers for exhibition and wethers under 18 months of age;
c.	 Slaughter goats (goats in slaughter channels);
d.	Low-risk commercial goats;
e.	 Animals shipped directly to an approved slaughter facility or an ap-

proved market when all the animals in a section of a truck are from the same 
premises of origin and are accompanied by an owner’s statement. (Note: 
The owner’s statement must contain the information needed for the plant 
or market to identify the animals);

f.	 Animals moved for grazing or similar management reasons whenever 
the animals are moved from a premises owned or leased by the owner of the 
animals to another premises owned or leased by the owner of the animals. 

Under NSEP rules, the flock is assigned a premise number and the iden-
tification and movement information must be recorded. These records must 
be retained for at least 5 years after the date of the movement. Lambs under 
18 months of age moving to slaughter and animals not leaving the premise 
do not have to be identified. Some states have additional restrictions for 
sheep moving within the state for shows, sales, and other events.

The identification requirements are a part of the scrapie eradication 
effort. In the event that scrapie is eliminated from the United States and/or 
there is no longer a program, the identification requirements may not be 
applicable, potentially hampering other management practices. To some 
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extent, this is what happened in the cattle industry where identification was 
linked to the brucellosis program. As brucellosis was eliminated, identifica-
tion and records were no longer available for managing other diseases.

Scrapie Flock Certification Program (SFCP)

The SFCP monitors flocks over time and confers a certified status on 
those that do not have evidence of the disease after a minimum of 5 years 
complying with movement, identification, recordkeeping, and sampling re-
quirements. The basis of this program is to provide a source of sheep having 
a negligible risk of scrapie for domestic and international markets. 

The SFCP requires that the following sheep within a flock enrolled in 
the complete or export‑monitored category be identified with a program‑ap-
proved ID such as an official eartag:

1.	All animals one year of age or older; 
2.	All acquired animals before commingling with the flock unless al-

ready identified with an approved device; and
3.	All sexually intact animals < 1 year old with a change of ownership 

unless moving directly to slaughter or to a terminal feedlot.

National Animal Identification System (NAIS)

After the first case of bovine spongiform encephalopathy (BSE) was 
detected in the United States in 2003, there was a movement to develop and 
implement a nationwide identification and tracing (recordkeeping) system 
(now known as the National Animal Identification System or NAIS), which 
could trace animal movements in 48 hours. After the initial public and me-
dia reaction subsided, certain livestock species groups began to withdraw 
support for a mandatory identification program and urged the U.S. Depart-
ment of Agriculture (USDA) to implement a voluntary national identifica-
tion program. Other species groups still support the need for a mandatory 
system. Currently, USDA has taken the position that every aspect of the 
NAIS will be voluntary in nature. 

The NAIS is an identification and information system consisting of 
three components, all of which are voluntary: (1) premises registration, (2) 
animal identification, and (3) tracing. An owner may choose only to regis-
ter a premise and not participate with animal identification or tracing. The 
premises registration component of the NAIS ensures the availability of a 
nationwide communications network to assist livestock owners and animal 
health officials in the event of an animal disease emergency. Upon registering 
with a state or tribal animal health authority, a premise is assigned a unique 
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premise identification number that corresponds to the contact information 
provided. 

The identification component provides the owner with a nationally 
unique identification for the animals on a registered premise. The identifi-
cation number stays with individual animals (animal identification number 
[AIN]) or with lots or groups of animals (group identification number 
[GIN]) throughout their lifetime. This number links the animal to its 
birthplace or premises of origin. When combined with animal tracing, the 
AIN/GIN also links the animal to each premises or location that has been 
reported for it. 

The federal government, states, and industry groups actively encourage 
producers to at least register their premises. To accomplish the goal of a 
48‑hour trace, a high rate of voluntary participation in NAIS will be neces-
sary. Sheep identification requirements for scrapie are currently accepted 
as meeting the NAIS goal of enhancing animal traceability. By developing 
consistent standards for the official identification of livestock species across 
USDA Animal and Plant Health Inspection Service (APHIS) programs, NAIS 
supports USDA and the industry’s long‑term goal of enhancing international 
trade and marketing opportunities. 

The Sheep Working Group of NAIS (NAIS, 2006) recommended that:

•	 The existing mandatory identification should be used as a start-
ing point for NAIS as it is more complete than what exists for any other 
species.

•	 The Working Group acknowledges that a purely visual identification 
system will not work to attain the goal of tracing within 48 hours and an 
electronic system is needed. However, a proven system of electronic identi-
fication and tracking does not exist for small ruminants.

•	 USDA should conduct research to develop an electronic system or 
test systems developed in other countries.

Educational Resources 

To educate themselves on various issues regarding sheep production in-
cluding animal health, producers utilize a multitude of resources. According 
to the 1996 NAHMS survey (USDA, 1996), the following are the top 10 
resources used by producers, with the percentage of sheep operations that 
use the associated resource in parentheses:

Magazines/newsletters (70.5)
Neighbors/other sheep producers (69.4)
Use of a veterinarian (63.3)
Other books (50.5)
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Shearer (49.5)
University/Extension (49.2)
Fairs and shows (42.3)
Meetings (35.4)
Feed and drug salespersons (26.5)
Sheep Industry Development (SID) Sheep Production Handbook (24.1)

In the 2001 NAHMS survey (USDA, 2002), producers were asked 
what sources of information are important. Their top responses and the 
percentage of operations reporting that the resource is very important are 
as follows:

1.	Veterinarians, private practitioners, consultants (39.1)
2.	Other sheep producers (30.0)
3.	Shearers (29.3)
4.	Magazines, newsletters (22.7)
5.	University/Extension (22.0)
6.	SID handbook (10.5)
7.	Meetings (10.2)
8.	Feed and drug salespersons (9.2)
9.	Internet (7.3)

In the 1996 study, more than 35 percent of the operations did not list 
veterinarians as a source of sheep information (USDA, 1996). In the 2001 
study, only 39.1 percent of all sheep operations reported that veterinarians 
are a very important source of sheep health information and 27.9 percent 
of operations listed veterinarians as not important (USDA, 2002). 

In 2000, 46.1 percent of sheep operations consulted a veterinarian. Past 
NAHMS studies of other species revealed a significantly different picture. 
The percentages of operations involving other species that consulted a vet-
erinarian were as follows (USDA, 2002):

•	 Swine (2000) — 78 percent
•	 Equine (1998) — 73.8 percent
•	 Dairy (1996) — 98.1 percent
•	 Feedlot (1999) — 97.4 percent
•	 Beef (1997) — 55 percent 

Exploring this subject further may shed light on reasons for the differ-
ence between sheep and most other species. There do not appear to be data 
on whether producers feel they have sufficient information and assistance on 
prevention and control of disease, lambing issues, or nutritional problems. 
Do many sheep producers not use the services of veterinarians because of the 
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lack of availability, lack of knowledge about sheep, cost, fewer disease and 
health issues, or something else? Would the increased use of veterinarians 
and veterinary services provide a benefit and added value or merely add a 
cost without adequate return?

Commonly accepted anecdotal information suggests that there is a 
shortage of veterinarians whose practices include small ruminant medicine 
or who are knowledgeable about sheep. In recent years, there has been a 
growing concern within the veterinary profession about a shortage of veteri-
narians in the area of food supply veterinary medicine (FSVM). The FSVM 
specialty includes private practice serving dairy, beef, swine, poultry, sheep, 
and goat operations, as well as federal and state animal health officials in-
volved with food safety and animal health. The American Veterinary Medi-
cal Association (AVMA) and other organizations have studied the potential 
problem of shortages within FSVM. A study published in 1999 predicted 
that there would be a decrease in the demand for large-animal practitioners 
(Brown and Silverman, 1999).

A 13‑panel Delphi study published in 2006 found that FSVM will face 
opportunities and challenges. This study confirmed the anecdotal informa-
tion and conflicted with the 1999 report. A key finding was a predicted 
shortage of food supply veterinarians. Interestingly, both the poultry and 
small ruminant panels predicted a close match between supply and demand. 
However, the small ruminant panel predicted a slight shortage of practitio-
ners (Prince et al., 2006). A 2007 ASI policy resolution declared that the 
U.S. sheep industry is in need of qualified veterinarians with knowledge of 
sheep diseases and management practices. The ASI supports a curriculum 
that includes an emphasis on related sheep diseases and applied sheep health 
management practices. The real problem may well be that there has been a 
shortage of knowledgeable and experienced veterinarians willing to do small 
ruminant work over such an extended period of time that the industry has 
found ways to manage without veterinarians.

Sheep Disease Pharmaceuticals

In the United States, there is a critical shortage of approved animal 
drugs intended for less common animal species (minor species) or a ma-
jor species such as cattle suffering from an uncommon condition. Sheep 
and goats are considered minor species. Few animal drugs are specifically 
approved for sheep and goats. Consequently, veterinarians and livestock 
producers often have limited options for treating sheep if they become ill. 
The shortage of approved drugs may result in animal suffering, increased 
mortality, and financial loss to those who raise the animals.

Congress recognized that statutory changes might be needed to address 
the described shortage of approved animal drugs in the Animal Drug Avail-
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ability Act (ADAA) (P.L. 104-250), passed in 1993 (see Chapter 2 for a fur-
ther discussion of this federal policy). A section of the legislation recognized 
particular problems relating to the availability of approved animal drugs for 
minor uses in major species and for use in minor species. The law directed 
the Secretary of Health and Human Services to consider and announce pro-
posals for legislative or regulatory change to the approval process for such 
drugs. The Food and Drug Administration (FDA) concluded that federal 
statutes should be amended. The FDA proposals provide the conceptual 
base for the Minor Use and Minor Species Animal Health Act of 2001.

The Minor Use and Minor Species (MUMS) Animal Health Act of 2001 
is similar to the Human Orphan Drug Act of 1983. This act is intended as 
a mechanism to provide FDA-authorized drugs for less common animal 
species and health indications. Specifically, MUMS seeks to provide labeled 
drugs for needy minor species, including sheep, goats, game birds, emus, 
ranched deer, alpacas, llamas, deer, elk, rabbits, guinea pigs, pet birds, 
reptiles, ornamental and other fish, shellfish, wildlife, and zoo and aquaria 
animals. The MUMS Act is also designed to provide major species (cats, 
dogs, horses, cattle, swine, turkey, chickens) with needed therapeutics for 
uncommon indications, so‑called minor uses. 

Despite MUMS, however, there is still a shortage of therapeutics for 
sheep. For example, there is a tremendous need for additional deworm-
ers as internal parasites have developed a resistance to the drugs currently 
available (see further discussion below). The ASI supports legislative and 
regulatory efforts that will restructure and expedite the drug approval pro-
cess while maintaining product safety and efficacy. 

DISEASES OF ECONOMIC IMPACT OR CONCERN 

The two NAHMS studies (USDA, 1996, 2002) provide data on diseases 
that are present and are of concern to the sheep industry. Many of the condi-
tions identified as of high or moderate concern, such as intestinal parasites, 
contagious ecthyma (soremouth), foot rot, and mastitis, are not usually fatal 
if the animals receive proper treatment. Nevertheless, these conditions are 
insidious and debilitating, affect production efficiency, and add to produc-
tion costs. Unfortunately, there are no hard data as to the actual costs of 
the diseases, which would include production losses, treatments, and mor-
talities. Data regarding actual costs are essential to set priorities and make 
educated decisions on research, prevention, and control needs. 

The most commonly reported disease or condition of concern in the 
1996 NAHMS study was stomach/intestinal worms, reported to be of 
moderate or high concern by 62.1 percent of sheep operations (Figure 3-1). 
Nearly half of all operations surveyed reported problems with stomach/in-
testinal worms in the previous 5 years (Figure 3-2). In the 2001 NAHMS 
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FIGURE 3-1  Percent of operations that reported moderate or high concern for the 
top 15 conditions of concern.
Source: Reproduced from USDA (1996a).

FIGURE 3-2  Percent of operations on which the top 15 conditions of concern were 
known to be present in the last 5 years.
Source: Reproduced from USDA (1996a).
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study, 74 percent of sheep operations reported the presence of stomach or 
intestinal worms in the previous three years (Figure 3-3).

Although the purpose of this section is not to provide a technical review 
of the common diseases, it examines intestinal parasites as an example of 
the need for economic and other data. The most common internal parasites 
affecting sheep throughout the United States are roundworms or nema-
todes. The gastrointestinal nematodes of greatest importance in sheep are 
members of the order Strongylida and include Haemonchus, Teladorsagia, 
Trichostrongylus, Cooperia, and Nematodirus. These species have a direct 
life cycle, meaning that sheep are the only host. Adult worms in the gastro-
intestinal tract of sheep lay eggs that are passed in the feces and contaminate 
the environment. When conditions are suitable, the eggs hatch into a larval 
stage that matures. The first two larval stages are nonparasitic but the third 
stage is infective. Part of the parasite maturation process takes place on 
the pasture and part within the abomasum (stomach) or small intestine of 
the sheep. Sheep that graze an infected pasture ingest the third‑stage larva, 
which finishes development into egg-laying adult worms.

During periods where environmental conditions are harsh, the parasite 
larvae in the stomach undergo a process called hypobiosis, which means 
their development is delayed. The delay extends until pasture conditions are 
favorable for survival of the parasite. Over time, sheep may develop some 
resistance to these worms. The development of resistance is complex and 
involves genetic components. Lambs are extremely susceptible as are older 

FIGURE 3-3  Percent of operations where diseases were present (suspected or 
confirmed) during the last 3 years.
Source: Reproduced from USDA (2003a). The survey was completed in early 2001.
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sheep that have compromised immune systems from other diseases, from 
poor nutrition, or during lambing. Ewes usually experience a temporary 
relaxation of immunity slightly before and after lambing. Infected ewes may 
shed large numbers of worm eggs into the environment that develop into 
larvae and are ingested by the lambs.

The overall effect of internal parasites is known as parasitic gastroenteri-
tis. Clinically, symptoms of internal parasitism may be insidious at the onset. 
Infected lambs grow more slowly and become unthrifty, food intake is often 
reduced, and, if the lamb is left untreated, it may die. Larger worm burdens 
may result in higher lamb mortalities. Clinical disease is not restricted to 
lambs. Adult sheep already in poor condition, stressed by milk production, 
or with existing disease conditions may also suffer clinical manifestations 
such as weight loss, reduced milk production, and even death.

Haemonchus contortus, the barberpole or wireworm can be particularly 
severe. The fourth‑stage larva and adult Haemonchus are known to be vig-
orous bloodsuckers. The worms can deplete volumes of blood large enough 
to result in anemia and death. H. contortus is very prolific and a female may 
produce thousands of eggs each day, which may then contaminate grazing 
pastures. Unlike the other gastrointestinal parasites, sheep burdened with 
H. contortus do not usually have diarrhea as a primary sign, thus owners 
may not appreciate the extent of the infection until it is too late to save the 
animal (Zajac, 2006).

Damage caused by Teladorsagia circumcincta (formerly called Osterta-
gia circumcincta) is targeted at the abomasal gastric glands. Heavy infection 
with T. circumcincta can cause diarrhea, and hypoproteinemia, which may 
result in death. More commonly, moderate infections cause diarrhea with 
poor weight gain or weight loss (Zajac, 2006).

In the United States, the third common nematode group to contribute 
to parasitic gastroenteritis is Trichostrongylus. Severe infections of Tricho-
strongylus can result in diarrhea and weight loss (Zajac, 2006). There 
have been two human infections of Trichostrongylus reported in Australia. 
Vegetables grown using fresh goat manure as fertilizer were eaten raw and 
apparently transmitted Trichostrongylus (Ralph et al., 2006).

Drugs used to treat internal parasites in sheep are called anthelmintics. 
The anthelmintics available in the United States belong to three major 
chemical classes. These are: 

•	 Benzimidazoles—albendazole and fenbendazole are sold in the United 
States for small ruminants. Albendazole is labeled for sheep but not goats, 
and fenbendazole is not labeled for sheep.

•	 Macrocyclic lactones—ivermectin and moxidectin are approved for 
oral use in sheep. Currently ivermectin is the only anthelmintic approved for 
limited use in nonslaughter organically raised sheep in the United States.
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•	 Nicotinic anthelmintics—this group includes levamisole, morantel, 
and pyrantel. Only levamisole is approved for sheep.

The limited availability of anthelmintics for sheep is significant because 
internal parasites have developed, or have begun to develop, resistance to 
the treatments. Some of the past treatment regimens actually assisted the 
development of anthelmintic resistance. Failure of the overall parasite con-
trol program on sheep operations is often due to mismanagement (Radostits 
et al., 2007).

A proportion of all worm populations have the genetic capacity for 
resistance to some or all classes of anthelmintics. This allows their survival 
when others die. Frequent use of anthelmintics as the major way of con-
trolling parasites has allowed the development of resistant populations that 
have become a major problem, especially in the South. Although frequent 
use of anthelmintics is perhaps the major selection force for the development 
of resistance, underdosing a treatment also provides a powerful selection 
mechanism. When a population of worms becomes resistant to one member 
of a class of drugs, it effectively becomes resistant to other members of that 
class. Unfortunately, when resistance of a worm population to an anthelmin-
tic becomes evident, it will likely remain even if the use of that compound 
is discontinued for several years. Resistant worms can be introduced onto 
a new farm with the introduction of new animals (Craig, 2006).

Current treatment strategies to increase the efficacy of the anthelmintics 
involve the judicious use of drugs combined with pasture management and 
monitoring the sheep for fecal egg counts and other disease indicators, such 
as anemia. A summary is provided by Craig (2006):

•	 Delivery of treatment—dividing the dose of an anthelmintic over 
several days or fasting the animal before treatment may enhance the 
effectiveness.

•	 Use of drug combinations—this may be the only choice in places 
where resistance to multiple classes of anthelmintic has developed. Although 
certain drugs may not be effective on their own, these may work in combina-
tion with others. They should be used at full dosage and concurrently. 

•	  Drug rotations—the practice of changing drugs within a grazing 
season actually selects for resistance to all the drugs used and can accelerate 
the process of resistance. 

•	 Targeted or selective treatment—this approach involves treating only 
sheep with signs of disease (e.g., high egg counts or pale mucous mem-
branes). The untreated animals will carry worms that are susceptible to 
treatment. Worms that are not treated are called “in refugia.” Having some 
worms in refugia (not exposed to an anthelmintic) slows the development of 
resistance by diluting the frequency of resistant genes. Consequently, when a 
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dewormer is required, it will be effective because the worms will be suscep-
tible to treatment (Kaplan, 2004). The FAMACHA system uses a patented 
color chart to allow producers to identify animals with moderate or severe 
anemia (H. contortus infections) for treatment, leaving up to 80 percent of 
the animals untreated. Other strategies include only treating thin animals 
or leaving 10–20 percent of a group untreated when changing pastures to 
maintain a level of “refugia.”

•	 Culling of more susceptible animals—certain sheep may consistently 
have high fecal egg counts or clinical signs of parasitism. Culling these 
animals can improve the overall resistance of the flock (Barger and Dash, 
1987).

•	 Use of breeds that show resistance to parasites—some breeds have 
a degree of genetic resistance to parasites and may carry a smaller worm 
burden. It is possible to identify these animals and select for a flock carry-
ing a higher level of resistance to parasitism. However, even in these breeds 
there are differences among individual animals that influence the course of 
disease.

•	 Pasture management practices—pasture rotation, alternative grazing 
or cograzing with different species such as cattle or horses, or using pas-
tures that have been cropped may lower the worm burden when sheep are 
returned to the pastures.

•	 Nontraditional treatments—the use of copper oxide wire particles 
or certain botanical products may be useful alternatives to anthelminthics, 
but most need more scientific scrutiny before they can be adapted for wide-
spread use. 

As discussed above, the newer control strategies require a more detailed 
level of sheep and pasture management.

There are no data that capture the total economic loss to the sheep 
industry because of internal parasites despite it being the disease condition 
of highest concern and highest reported incidence. Such data are important 
as they could be used to encourage research for additional control measures 
that may include the development of new anthelmintics and evaluating the 
effectiveness of other management practices. Inadequate data is a problem 
for most other sheep disease conditions such as mastitis, foot rot, and 
Johne’s disease, not just internal parasites.

Causes of Death

A USDA (2005) study by APHIS examined the nonpredator causes of 
death for lambs and adult sheep in the United States. Since 1994, nonpreda-
tor causes of death have been responsible for 62 percent of lamb and adult 
sheep losses, more than from predators nationally and in all regions of the 
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country. In the 2004 NAHMS study of mature sheep losses, old age was 
reported as the leading cause of death (26.8 percent of adult sheep death 
loss) followed by lambing problems (13.4 percent); digestive problems such 
as internal parasites, bloat, scours, and acidosis (12.9 percent); and cause 
unknown (12.1 percent). The primary nonpredator causes of death in lambs 
were respiratory problems such as pneumonia, and shipping fever (22.8 
percent); digestive problems, such as internal parasites, bloat, scours, and 
acidosis (19.8 percent); weather-related causes such as chilling, drowning, 
and lightning (14.8 percent); lambing problems (14.7 percent); and cause 
unknown (13.3 percent).

Loss estimates for the Pacific (California, Oregon, and Washington) and 
West Central (Arizona, Colorado, Idaho, Montana, New Mexico, Nevada, 
Texas, Utah, and Wyoming) regions were made after docking, marking, 
or branding, while estimates for the Central, Northeast, and Southeast 
regions were made from birth. In fact, in the western states, the National 
Agricultural Statistics Service (NASS) defines lamb crop as those lambs 
marked, docked, or branded. The exclusion of predocking losses from 
these regions is because lambs are usually born on the range and less likely 
to be counted. Five states conduct surveys that include these early losses: 
Colorado, Idaho, Montana, Utah, and Wyoming. Other than Colorado, 
which shows predocking losses at 32 percent of all lamb losses, the other 
four states report predocking lamb losses over 50 percent of all lamb losses. 
(USDA, 2005).

The lack of data regarding lamb numbers during the predocking period 
in states that have some of the highest sheep numbers is significant. An ac-
curate estimate of the actual lamb crop in the United States cannot be de-
veloped without death loss data for the predocking period. More important, 
efforts to reduce such losses are encumbered without an accurate baseline 
that could provide answers to various questions relating to possible reasons 
for lower numbers of lambs:

•	 Are the ewes giving birth to multiple lambs? 
•	 Are lambs born dead? 
•	 Are lambs dying shortly after birth from insufficient colostrum or 

poor mothering?
•	 Are lambs dying at a few weeks of age from scours, pneumonia, or 

other reasons?
•	 Are predators responsible for the majority of deaths?

Scrapie

As a disease entity for individual flock owners in the United States, 
scrapie did not make the list of the top 15 conditions of moderate or high 
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concern in the 1996 NAHMS study (USDA, 1996), but it is the only sheep 
disease that has had a congressionally funded program aimed at control and/
or eradication since 1952. In fact, federal regulations mandating an acceler-
ated scrapie eradication program went into effect in 2001. When publishing 
this proposed rule, APHIS estimated that it would cost approximately $100 
million over 7 years to accomplish the task of eliminating scrapie outbreaks 
(Federal Register, 2001).

During the 1980s, scrapie was considered “a minor disease in a minor 
species.” In 1987–1988, APHIS published a proposed rule asking for com-
ments on whether to discontinue the scrapie program. The publication of the 
proposed rule came shortly after the United Kingdom’s announcement that it 
had identified a new disease entity that affected cattle and appeared to be re-
lated to scrapie. Comments on the proposed rule overwhelmingly requested 
that APHIS not discontinue the scrapie program but work together with the 
sheep and allied industries to develop a new program. Many comments cited 
BSE as the reason for a renewed interest in control. In 1990, the spread of 
BSE to other species, including cats, highlighted the hidden dangers associ-
ated with these diseases. A new program was developed through the process 
of negotiated rulemaking and went into effect in 1992. The new program 
was multifaceted in that it consisted of the establishment of a national scra-
pie flock certification program (SFCP) and interstate regulations to identify 
and restrict the movement of certain sheep from scrapie-infected and source 
flocks. The basis of the certification program is to provide a source of sheep 
having a negligible risk of scrapie (Detwiler et al., 1997). The foundation 
of this program is still in effect although it has been modified based on new 
scientific findings. As stated above, there is a concerted effort to eliminate 
scrapie from the United States by 2010. The UK announcement in 1996 that 
10 deaths (adolescents and young adults) were thought to be attributed to 
BSE brought the transmissible spongiform encephalopathies (TSE) to the 
world’s center stage.

Classical Scrapie 

Scrapie is an insidious, degenerative disease affecting the central nervous 
system of sheep, goats, and moufflon. The disease is also called La trem-
blante (French: trembling), Traberkrankheit (German: trotting disease), or 
Rida (Icelandic: ataxia or tremor). Scrapie has been reported worldwide 
and affects most sheep-producing regions with few notable exceptions. 
Australia and New Zealand are commonly accepted to be scrapie free. The 
disease has been recognized for over two centuries in England, Wales, and 
Germany (Parry, 1983). 

Scrapie is the prototype of the group of the TSE diseases. Other TSE in-
clude Creutzfeldt-Jakob disease (CJD), kuru, Gerstmann-Sträussler-Scheink-
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er disease (GSS), fatal familial insomnia (FFI), and variant Creutzfeldt-Jakob 
disease (vCJD) in humans and transmissible mink encephalopathy (TME), 
chronic wasting disease (CWD), bovine spongiform encephalopathy (BSE), 
atypical BSE, BSE in a goat (Eloit et al., 2005), feline spongiform encepha-
lopathy (FSE), and atypical scrapie in sheep. These diseases are caused by 
transmissible agents yet to be fully characterized, all of which share a num-
ber of common characteristics:

•	 Prolonged incubation period of months or years; 
•	 Progressive debilitating neurological illness that appears to always 

be fatal;
•	 Pathological changes confined to the central nervous system (CNS); 

and
•	 The transmissible agent elicits no detectable specific immune re-

sponse in the host, which has inhibited the development of a live animal 
diagnostic test and vaccines.

The clinical disease occurs primarily in sheep of breeding age because 
the minimum incubation period is usually between 18 and 24 months. 
Scrapie occurs most frequently in sheep of either sex between 2 and 5 years 
of age. Although cases of the disease are not common before 18 months, a 
few cases of natural scrapie have been reported in sheep at approximately 
1 year of age and it may occur in animals over 5 years of age (Detwiler and 
Baylis, 2003). 

Sheep usually become exposed to scrapie through an oral route. Once 
the agent enters the body, it replicates and infects most tissues, including ton-
sils, spleen, lymph nodes, brain, and spinal cord (Hadlow et al., 1979, 1982; 
van Keulen et al., 1996, 1999); blood (Hunter et al., 2002); and peripheral 
nerves (Groschup et al., 1996). There is also evidence that scrapie‑infected 
sheep may harbor infectivity in actual muscle cells apart from the peripheral 
nerves (Pattison and Millson, 1962; Andréoletti et al., 2004; Casalone et al., 
2005). In the past, milk had not been considered a risk factor for scrapie. 
However, in 2005, a published study began to suggest milk as a possible 
route of transmission. This research found that sheep concurrently infected 
with scrapie and a chronic inflammatory disease such as OPP have prions 
in the mammary gland and may shed these into milk (Ligios et al., 2005). 
Recently, it was found that lambs fed milk from scrapie-affected ewes be-
came infected with scrapie (Konold et al., 2008). Certain sheep may shed 
the scrapie agent via the placenta and likely the birthing fluids. Thus, scrapie 
is thought to spread from an infected ewe at or near the time of lambing 
to susceptible lambs or other susceptible sheep that may be exposed to the 
placenta (see Pattison et al., 1972, 1974; Onodera et al., 1993; Race et al., 
1998). 
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Over the decades, there has been debate about the nature of scrapie 
and whether it is a genetic disease or is transmitted between sheep (Dick-
inson et al., 1974; Parry, 1983). Research in the 1990s found that scrapie 
was influenced by genetics, specifically the sequence of the gene coding for 
prion protein (Westaway et al., 1994; Hunter et al., 1994, 1996; Hunter, 
1997). There is also evidence indicating that scrapie is not a genetic disease 
(Hunter et al., 1997). Most classical scrapie cases have historically been 
found in sheep carrying the VRQ and ARQ alleles, and it was thought that 
sheep having two ARR alleles were resistant to scrapie. Consequently, many 
countries shifted their scrapie control program to a genetics-based program 
or at least included a genetic (breeding) component (Detwiler and Baylis, 
2003). Newer diagnostics as well as extensive testing programs in Europe 
have begun to call into question whether there truly are genotypes that are 
fully resistant to TSE infection (Buschmann et al., 2004; Le Dur et al., 2005; 
Groschup et al., 2007).

There have been many different approaches to scrapie control and eradi-
cation. Countries such as Australia and New Zealand, which have detected 
the disease after introduction but before widespread transmission, have 
apparently been successful in eradicating the disease within a short period 
of time. Other countries, in which the disease has become endemic, such as 
Canada, Iceland, and the United States, have implemented various strategies 
in an effort to eliminate the disease. The emergence of BSE in 1986 and the 
experimental transmission of BSE to sheep and goats have been the impetus 
for a significant increase in research and have prompted a number of other 
scrapie-endemic regions such as the European Union to initiate programs 
to eliminate the disease

The United States has tried many options to eradicate scrapie (see the 
Appendix for a chronology of U.S. control efforts). Historically, none has 
been very successful, which may be attributed to a number of factors. First 
and foremost, the lack of scientific advancements, especially in the area of 
preclinical diagnostics and understanding the exact nature of the patho-
genesis, has hampered control programs. For example, when during the 
incubation period an animal starts to shed the agent and by what route(s) 
are not known. Such information is necessary to identify animals that may 
be exposed. All of the tests have limitations. None have adequate sensitivity 
to be able to declare an individual animal free of scrapie (O’Rourke et al., 
2000; González et al., 2005). Only recently have live animal tests become 
available to diagnose an infected animal before the onset of signs, which is 
usually years after the animal has become infected and may be a risk to other 
sheep. Despite some of these limitations, recent scientific advancements 
have finally provided the necessary tools for the current control program to 
demonstrate that its measures have resulted in a decrease in the prevalence 
of classical scrapie. 
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The properties of the causative agent are unusual because it is able to 
survive conditions that normally destroy other agents such as bacteria and 
viruses. The causative agent can survive conditions such as boiling, dry 
heat up to 600°C, formalin fixation, and treatments with many common 
disinfectants (WHO, 1999). The trait of survivability also allows the agent 
to remain in the environment for extended periods of time. How long the 
agent may persist and pose a risk to other animals if shed into the environ-
ment is unknown. Two different studies have shown that scrapie infectivity 
can survive in the environment at least 2–3 years and possibly a great deal 
longer (Brown and Gajdusek, 1991; Seidel et al., 2007). The most recent 
studies have demonstrated infectivity not only in the soil itself, but also in 
the aqueous soil extract (Seidel et al., 2007).

Despite more than 250 years of potential for human exposure to scra-
pie, there is no scientific evidence to date indicating that scrapie poses a 
public health risk (Harries Jones et al., 1988). During a consultation held 
in 1999, the World Health Organization reviewed existing evidence, includ-
ing a 15‑year epidemiological study (Brown et al., 1987), and came to the 
same conclusion (WHO, 1999). Nevertheless, with the detection of atypical 
manifestations of certain TSE such as scrapie and BSE, public health of-
ficials must remain vigilant for any potential change in virulence and host 
susceptibility.

Prevalence of Classical Scrapie

Before the Scrapie Ovine Slaughter Surveillance (SOSS) study, the es-
timated prevalence of scrapie in the United States was 0.07 percent. How-
ever, this estimate was based on results obtained from the 1996 NAHMS 
sheep study, which relied on data from a producer-generated mail-in survey 
(USDA, 2003d,e). The prevalence in this study was estimated from those 
producers reporting confirmed or suspected scrapie in their flocks over a 
period of 5 years. 

More recently, estimates of prevalence derived from the results of the 
SOSS study were actually based on positive tests. The vast differences 
between the methodologies of the NAHMS and SOSS studies prevent any 
accurate comparison. 

Of the 12,508 samples collected in the SOSS study, 12,491 valid test 
results were obtained (99.9 percent). The study concluded that the overall 
weighted national prevalence of scrapie in mature sheep was 0.20 percent. 
On a regional basis, scrapie was found to be most prevalent in the Eastern 
(0.52 percent), followed by the Central (0.21 percent) and Mountain (0.14 
percent) regions (Figure 3-4). Even though the small sample size from the 
Western region prohibited an estimate for the region itself, the results for 
the region were included in the national estimate (USDA, 2003d,e).
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FIGURE 3-4 Percent of that sheep tested positive for scrapie by region.
Note: Because of the low number of samples obtained in the Western region, results 
for the Western region are included in the national estimates but are not listed 
individually.
Source: Reproduced from USDA (2003d). Samples were collected between April 1, 
2002, and March 31, 2003.

About 84 percent of the positive samples were from black-faced sheep 
and less than 0.01 percent from white-faced sheep. Mottled‑faced sheep 
represented 0.12 percent of the positives (USDA, 2003d,e). The breed results 
are similar to those that have been obtained over the years through passive 
surveillance. The study found that black-faced sheep were significantly more 
likely to test positive even when adjusting for other factors. The fact that 
scrapie appears to be predominant mostly in black-faced and mottled-faced 
sheep and extremely limited in white-faced sheep is important because the 
majority of sheep (67 percent) in the United States are white-faced (USDA, 
1996). All of the sheep that tested positive were homozygous for glutamine 
(QQ) at codon 171. This genotype has been characterized as one of the most 
susceptible for classical scrapie (USDA, 2003d,e).

Current Scrapie Program 

The current National Scrapie Eradication Program (NSEP) is comprised 
of active testing of targeted mature sheep and goats at slaughter with trace-
back of positive animals to the flock of origin. Additional infected flocks are 
identified by tracing exposed animals out of these flocks. Effective tracing 
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can be done as a result of the identification requirements implemented in 
2001. As infected or source flocks are identified, government veterinarians 
work with producers to develop a plan to remove animals determined to 
be most susceptible. In addition, the premise may have to be cleaned and 
disinfected. Most flocks use a genetics-based plan to clean up. Indemnity 
funds are available for animals that must be removed to comply with the 
clean-up plan. In addition, those exposed animals that have been sold from 
the flock will be traced and tested if still alive.

There are three basic steps in the current NSEP:

1.	When an infected flock has been identified, the sheep are genotyped 
to determine disease risk.

2.	Susceptible genotypes are either removed or their movement 
restricted.

3.	The identified flock is placed under surveillance for 5 years.

In most cases, producers will be able to keep many more of their sheep 
with the genetics-based plan. This plan allows owners to retain or sell 
without restrictions nearly all sheep that are AA RR, AA QR, and most AV 
QR from infected or source flocks once owners have met certain conditions 
(see NIAA, 2003, for more details). On average, an estimated 60 percent of 
a flock can be preserved when using a genetics-based plan compared to 25 
percent when using a traditional plan.

Another component of the scrapie eradication effort is the Scrapie Flock 
Certification Program (SFCP). Given that the live animal testing for scra-
pie cannot yet guarantee absence of scrapie infectivity, the SFCP monitors 
flocks over time and confers a certified status on those animals that do not 
have evidence of the disease after a minimum of five years of complying 
with movement, identification, recordkeeping, and sampling requirements. 
The basis of this program is to provide a source of sheep that would have 
a negligible risk for having scrapie.

Most important, the accelerated eradication program requires an iden-
tification and recordkeeping system, which allows diseased, exposed, and 
high-risk animals to be traced back to their flock/herd of origin so that the 
spread of scrapie within and from these flocks/herds can be prevented. The 
scrapie eradication regulations published in 2001 also established a pro-
gram to recognize states that conducted an active scrapie control program 
consistent with federal requirements. Additional restrictions were placed 
on the movement of sheep from states that do not require that scrapie be a 
reportable disease and/or do not quarantine infected and source flocks.

Congressional funding for the NSEP has increased from $15 million in 
2003 to $18.4 million in 2007. When publishing the proposed rule in 2000, 
APHIS estimated the total cost to eradicate scrapie over a 7‑year period 
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to be 100 million dollars (USDA, 2000). In a letter to Undersecretary of 
Agriculture Bruce Knight, ASI requested that the USDA increase its scrapie 
budget request to $28.6 million for fiscal year 2009.

In Fiscal Year (FY) 2006, the NSEP made significant progress as shown 
by the reduction in the percentage of sheep of all face colors that tested posi-
tive at slaughter and the decrease in the number of positive animals found at 
slaughter. The result was fewer newly infected and source flocks and fewer 
animals indemnified in comparison to FY 2005. For example, the number of 
scrapie‑positive, black‑faced sheep dropped from slightly under 0.9 percent 
in FY 2004 to < 0.5 percent in FY 2006 (USDA, 2007a).

Economic and Trade Effects of Scrapie

The USDA has estimated that producers annually incur losses of $20 
million from scrapie (USDA, 2000). The costs are associated with decreased 
productivity of infected flocks, diminished potential for exports (live ani-
mals, germplasm, and byproducts), and increased costs of disposal (USDA, 
2000).

Because scrapie is always fatal, there are two considerations when ex-
amining the direct economic impact of scrapie on domestic flocks. These 
are the overall prevalence of the disease across all U.S. flocks and the 
within-flock prevalence of infected flocks. The overall weighted prevalence 
of scrapie in the United States (0.20 percent) is low, especially when com-
pared to diseases such as OPP which had a seroprevalence calculated at 24.2 
percent. Seroprevalence of OPP was measured during the 2001 NAHMS 
sheep study by testing sheep on randomly selected sheep operations. Over 
21,000 samples collected at 682 operations that agreed to participate were 
tested. Overall, 36.4 percent of the operations had one or more positive 
animals (USDA, 2003c). 

Although uncommon, flocks heavily infected with scrapie and that 
contain a high percentage of susceptible animals may experience significant 
mortality losses. In flocks where scrapie is endemic, the number of infected 
animals increases and the age at onset of clinical signs decreases over a 
period of several years making these flocks economically unviable. Surveys 
of farmers in Great Britain and the Netherlands have found mean within-
flock incidences of 0.37 percent and 1.2 percent, respectively (Schreuder et 
al., 1993; Hoinville et al., 2000). Other observations have included within-
flock incidences ranging from 1 percent to 20 percent (Young et al., 1964; 
Sigurdarson, 1991; Hoinville et al., 2000).

With the promotion of breeding programs that protect sheep from the 
clinical signs and subsequent death from scrapie, most U.S. sheep producers 
are not likely to experience a significant within-flock incidence. Hence, for 
many U.S. producers, the direct animal losses from scrapie may be insignifi-
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cant. This conclusion is reflected in the 1996 NAHMS survey, which found 
that scrapie was not among the top 15 diseases of concern (USDA, 1996). 

The epidemiological finding that BSE was most likely spread by the feed-
ing of ruminant meat and bone meal (MBM) to ruminants and the theory 
that the species of origin was sheep prompted voluntary action by U.S. 
renderers in the late 1980s. Many independent renderers imposed a volun-
tary ban on the transportation and processing of sheep offal and/or heads, 
which had an impact on ovines slaughtered at small and very small packing 
plants. For those plants, the alternatives were to either send the head and 
offal back home with the producer or pass the cost of disposal back to the 
producer. If the producers had to dispose of the material themselves, the 
choices were to dispose of the materials on their own properties or through 
another mechanism such as a landfill at a cost. One study estimated that the 
costs for such disposal would average $150/ton (U.S. HHS, 1997). In that 
study, large lamb slaughterers were still able to use the byproducts for pet 
food. Another study reported value of the byproducts at $3.00 per carcass 
(Seitzinger et al., 2006).

In 1997, the FDA enacted a regulation prohibiting the feeding of most 
mammalian protein (both cattle and sheep) to ruminants. The diversion of 
cattle offal created a separate stream for ruminant MBM in which sheep 
materials could be included without the extra costs of disposal. Sheep offal 
were then included with the bovine materials in meals to be fed to species 
such as pigs and poultry. This regulation actually assisted the sheep industry 
in that ovine offal could be combined with the larger pool of bovine offal 
and utilized, instead of having to be destroyed.

Scrapie and BSE impact the trade of various sheep and lamb products 
including live animals, germplasm (semen and embryos), meat, and byprod-
ucts such as MBM especially for pet food. Worldwide, only New Zealand 
and Australia are commonly recognized as scrapie‑free and, thus, are cur-
rently the nations that can freely sell breeding stock to producers in most 
other countries. During the 1990s, actual statistics on the value of Austra-
lian breeding stock sold indicates the amount was $29.2 million.

The Terrestrial Animal Health Code (TAHC) of the World Organization 
for Animal Health (OIE) includes provisions to recognize a country free 
of scrapie, which would open up trade for the United States if the current 
eradication program is successful (OIE, 2007). The TAHC also includes 
provisions for individual flocks to be recognized scrapie‑free, thus allow-
ing the export of breeding stock. As of June 2007, APHIS has modified the 
SFCP to allow for the monitoring and recognition of flocks to be certified 
for export, which will allow trade at least from some flocks without having 
the country declared scrapie‑free. The modifications for the export‑certified 
flock category are in accordance with the TAHC.

Scrapie may also be a reason for regulatory restrictions on the export of 
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lamb MBM or the export of pet food to other countries. The actual value 
of the lost trade is not known and may not be significant. According to the 
Pet Food Institute, the U.S. supply and consistency of ovine MBM is not 
adequate to meet the demands of the domestic market so that supplemen-
tal byproducts are imported from Australia and New Zealand (N. Cook, 
personal communication, 2007). Even if scrapie were to be eradicated im-
mediately, restrictions on the trade of any ruminant MBM would still apply. 
As recommended by the TAHC, once a country has detected BSE in domestic 
cattle, other countries usually prohibit the importation of many ruminant 
products, especially ruminant MBM even for use in pet food (OIE, 2007).

Scrapie is not the only disease that may impede or restrict the expor-
tation of U.S. sheep to other countries. In addition, OPP, also known as 
Maedi-Visna, and ovine Johne’s disease (OJD) are both present in the U.S. 
sheep population. A number of countries have restrictions or requirements 
on imports of sheep from countries with these diseases. The TAHC includes 
a chapter on Maedi-Visna that outlines the provisions for trade. In addition 
to being recognized as scrapie‑free, both Australia and New Zealand have 
been recognized as free of OPP. Australia and New Zealand both have a 
control program for Johne’s disease (Seitzinger et al., 2006).

Unlike scrapie, there are no U.S. government programs in place to 
eliminate or control OPP or OJD. A producer-driven effort to test for and 
control OPP is operated by the OPP Concerned Sheep Breeders Society. An 
attempt by the state of New Jersey to combine enrollment in the scrapie 
certification program and monitoring for OPP has been discontinued. Cur-
rently, Minnesota has initiated a pilot program that combines monitoring 
for OPP with the scrapie certification program. Although there is a vol-
untary control program for bovine Johne’s disease, there is no organized 
program for OJD.

In 2006, USDA examined the market and economic effects of eliminat-
ing scrapie alone versus eliminating scrapie, OPP, and OJD (Seitzinger et al., 
2006). The study found that eliminating scrapie increased annual revenues 
to U.S. sheep and lamb producers by a total of $10.8 million dollars. The 
least increase in revenue from eliminating scrapie alone was from exports. 
The presence of OPP and OJD in the United States did not allow for a sig-
nificant increase in revenue by the elimination of scrapie alone, as countries 
also have restrictions for OPP and OJD.

Atypical Scrapie

The term “atypical scrapie” has been adopted to describe forms of 
scrapie in which the findings in tested animals (including animals that ap-
pear to be clinically normal) were different from those that were previously 
recognized as classical scrapie. Norwegian scientists published reports about 
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the first cases of nonclassical scrapie in 2003. They called this Nor 98 scrapie 
(Benestad et al., 2003). Hence, atypical scrapie cases are also called Nor 98 
or Nor 98-like. 

Both types of scrapie (classical and atypical) involve the presence of 
abnormal prion protein. Most atypical cases differ from classical scrapie in 
that the lesions found in the brain as well as the deposits of prions have been 
concentrated mostly in the cerebrum and cerebellum rather than the brain 
stem. The patterns seen by Western Blot testing also differ from classical 
scrapie. ��������������������������������������������������������������������           The average age of sheep with atypical scrapie is greater than that 
of classical scrapie. Research has found that over 58 percent of the cases of 
atypical scrapie in Germany were 6 years or older and 26.7 percent were 
older than 10 (����������������������   Lühken et al., 2007)��. 

Classical scrapie identified in clinically affected sheep usually occurs in 
certain genotypes of sheep.� Most classical scrapie cases have traditionally 
been in sheep carrying the VRQ and ARQ alleles (homozygous or hetero-
zygous), only occasionally in combination with ARR and AHQ. Atypical 
scrapie has been found predominantly in sheep carrying the AF141RQ, 
AHQ (Moum et al., 2005) ARQ, and ARR alleles. Atypical cases of scrapie 
have been found in ARR/ARR sheep in a number of European countries 
(European Union, 2006). Investigations of sheep that had difficulty walking 
(ataxia) led to the identification of Nor 98 scrapie in Norway, which was 
the first of the atypical scrapie variations to be characterized (Benestad et 
al., 2003). Subsequently, a number of countries have identified this type of 
scrapie or cases that have similar characteristics (De Brosschere et al., 2004; 
Gavier-Widen et al., 2004; Epstein et al., 2005). 

Before the fall of 2006, there had been no cases of a Nor 98-like scrapie 
found in U.S. sheep. When the SOSS study was conducted, a number of the 
characteristics associated with atypical scrapie had not been identified and 
some atypical cases of scrapie may have been missed.

In November 2006, however, a sample was collected from an apparently 
healthy mottled-face sheep at slaughter (Wyoming Livestock Board, 2007). 
The characteristics found by the various diagnostic tests conducted revealed 
a Nor 98-like scrapie case. The sheep was traced back to a flock in Wyoming 
that was subsequently depopulated. Since then, four additional cases of Nor 
98-like scrapie have been identified in the United States (USDA, 2007b). 
One of these cases of Nor 98-like scrapie (atypical) has been found in an 
ARR/ARR Suffolk sheep in the United States (D. Sutton, personal commu-
nication, 2007). This case is significant because many countries, including 
the United States, have adopted control programs that promote breeding 

�For more information, see the USDA information sheet “The Genetics of Scrapie Suscepti-
bility” online at http://www.aphis.usda.gov/animal_health/animal_diseases/scrapie/downloads/
scrapie_genetics.pdf.
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for ARR animals. These programs were initiated when it was thought that 
arginine (R) at codon 171 conferred complete resistance.

There has been speculation that atypical scrapie may be a spontaneous 
disease, similar to CJD in humans. This theory has originated because most 
flocks have not been found to have additional cases (Hopp et al., 2006; 
Lühken et al., 2007). ��������������������������������������������������������       While a spontaneous origin is definitely a possibility, 
if this “strain” of scrapie is predisposed to long incubation periods where 
sheep usually are culled or die from other causes, the disease may go unde-
tected. The inability to diagnose such long incubation cases may lead to the 
conclusion that the disease is spontaneous. In regard to control programs, 
it will be important to determine whether the disease occurs sporadically or 
has a low rate of transmission.

Many characteristics of “atypical” strains of scrapie are still unknown. 
For example, whether the disease transmits naturally from sheep to sheep 
is unknown, along with which tissues are infected and the potential host 
range. Research on these and other issues related to “atypical” scrapie is 
underway. 

The public health risk from atypical scrapie is also unknown. There 
is no basis for attributing a greater or lesser risk to humans from atypical 
scrapie than from BSE or classical scrapie. If atypical scrapie is not a new 
phenomenon and has simply been discovered recently, then the lack of 
epidemiological association between prion diseases in humans and sheep 
or in the consumption of sheep products suggests that atypical scrapie does 
not represent a risk to humans. This is not, however, a demonstration of 
absolute safety. 

In February 2007, the UK Chief Medical Officers sent a letter to 
neurologists to remind them to remain vigilant and refer unusual human 
neurological cases through the established national arrangements. The UK 
Spongiform Encephalopathy Advisory Committee (SEAC) considered the 
reminder important in part because of the unknown human health implica-
tions of atypical scrapie (SEAC, 2007).

Considerations for atypical scrapie include the following:

•	 Monitoring of the epidemiological situation and related research to 
ensure timely and effective policy changes are made if needed;

•	 Monitoring the occurrence of scrapie in the so-called “resistant” 
genotypes. If these genotypes have extended incubations or are subclinical 
carriers, the problem may go unnoticed.

These are important considerations for the United States because even 
if classical scrapie is eliminated from the U.S. flock, atypical scrapie may 
continue to occur in a subset of the sheep population.
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THREAT OF EMERGING OR EXISTING DISEASES

Threat from an Existing Disease 

In the past decade, over 70 percent of the emerging diseases have been 
zoonotic (Woolhouse and Gowtage-Sequeria, 2005). The U.S. sheep indus-
try has been fortunate to avoid a significant crisis resulting from a disease 
outbreak. To prevent complacency, the industry as a whole will need to 
systematically review worldwide conditions and disease reports as well as 
suspicions of diseases mutating to a more virulent strain. One such disease 
that should be reviewed is Johne’s disease.

Johne’s disease is caused by Mycobacterium avium subspecies paratu-
berculosis (MAP), which is a small bacterium related to Mycobacterium 
avium (avian TB). The organism affects cattle, sheep, and goats by causing 
a chronic inflammation of the intestines. The inflammation progresses to a 
severe state affecting the absorption of nutrients, which causes the animal 
to lose condition and eventually progress to death. Crohn’s disease is a hu-
man condition that is also characterized by a chronic inflammation of the 
intestines. There is continuing research and debate as to whether the Johne’s 
agent is the causative agent or contributing factor for Crohn’s (Radostits et 
al., 2007) To date, there has been no definitive causal link between the two 
diseases. If a definitive link between Johne’s disease and Crohn’s disease, a 
chronic debilitating human disease, were made in the future, lamb meat and 
sheep milk and sheep milk products may come under scrutiny.

The MAP organism has a waxy cell wall, tends to clump, and appears 
to be quite resistant to inactivation. Studies have shown the bacterium to 
survive pasteurization temperatures (Millar et al., 1996; Grant et al., 2002). 
The agent is shed in large amounts in the feces. Hence, contaminated feed, 
bedding, water, and soiled udders serve as sources of infection. Animals less 
than 6 months of age are thought to be most susceptible to infection. The 
incubation period for OJD is long, during which time the animal can be 
shedding the agent and be a source of infection for other sheep. Available 
diagnostic tests suffer from a number of problems. Infection is often dif-
ficult to confirm during the incubation period. OJD may be confused with 
parasitism, chronic malnutrition, caseous lymphadenitis, and OPP. Control 
of the disease in infected flocks is currently difficult because there is no reli-
able live animal test that can detect animals shedding very low numbers of 
MAP (Radostits et al., 2007).

Ovine Johne’s disease has been documented on all continents. In the 
United States, OJD is estimated to be present on 4.7 percent of sheep opera-
tions (USDA, 2004). Currently there is no national, state, or producer‑driven 
control program for OJD. For Johne’s disease in cattle, there is a voluntary 
program conducted by states with federal support. In the United States, 
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surveys have indicated that the primary problem is in the dairy cattle sector 
but it is also increasing in the nation’s beef cattle herd.

If there were ever a definitive link made between Johne’s and Crohn’s or 
if the public perceived there was a risk, a number of food safety questions 
would need to be answered:

•	 Given that the Johne’s agent is shed in large numbers (millions of 
organisms) in the feces, will fecal contamination of the carcass result in meat 
contaminated by this agent? If so, will the current microbial intervention 
steps be effective for this agent?

•	 There is evidence that the Johne’s organism is present in lymph nodes. 
It would be difficult to process meat totally free of lymph nodes. Would this 
also provide a source of the organism in food for humans?

•	 Can the agent survive cooking?
•	 If the organism survives cooking, what interventions would be neces-

sary to state that lamb and mutton are safe in the event a definitive link is 
made?

•	 Given that studies have shown that the organism survives pasteuriza-
tion, can sheep shed the agent in milk? Would sheep milk and sheep milk 
products be a risk? 

The National Advisory Committee on Microbial Criteria for Foods 
(USDA) has assigned a subcommittee to conduct an assessment of the food 
safety importance of MAP (USDA, 2006). The committee has been asked 
to limit its deliberations to the consideration of a very specific set of ques-
tions. It has not been asked to consider the question of whether or not MAP 
is a human pathogen. The committee was asked to consider the following 
questions:

•	 What food, water, or environmental sources are of most concern with 
respect to exposure of humans to MAP? 

•	 What are the frequencies and levels of MAP contamination found in 
the above-referenced sources? 

•	 What is the efficacy of the current methods of detection for MAP? 
•	 What processing interventions are available for the foods of concern 

to eliminate or reduce the levels of MAP contamination to an acceptable 
level or to ensure that MAP does not enter the food supply? 

•	 What are the research needs to determine additional sources of MAP; 
the frequencies and levels of MAP contamination in specific sources of 
concern; potential processing interventions to eliminate or reduce the levels 
of MAP contamination; and potential processing interventions to prevent 
MAP from entering the food supply? 
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Threat from a Foreign Animal Disease

The findings of the NAHMS 2001 sheep study (USDA, 2003a) indicate 
that certain behaviors and lack of certain practices increase the vulnerability 
of many sheep operations to disease. One of the biggest vulnerabilities is the 
risk of introducing a foreign animal disease. When introduced into a native 
population, foreign animal diseases may spread rapidly as the animals have 
no immunity to the disease. In many cases, the outbreaks result in a high 
death loss and/or severe production losses.

Foot‑and‑mouth disease is an example of such a disease. It is a highly 
contagious disease that affects cloven-hoofed animals, including pigs, cattle, 
sheep, and goats. The virus that causes the disease can spread rapidly over 
large distances, mainly from animal-to-animal contact or from contact with 
other contaminated sources. While the United States is currently free from 
this disease, the risk of introduction is real. The introduction could be ac-
cidental through the illegal movement of animals or animal products, or 
intentional. The disease would have devastating consequences for the animal 
and allied industries. Initial outbreaks in an FMD-free country may warrant 
a full livestock movement stop for at least 1 week. A full movement stop 
of livestock prohibits the movement of all susceptible species (cattle, sheep, 
goats, swine, and other cloven-hoof species) from moving for any purpose 
including slaughter. Given the susceptibility of a broad range of species, 
the impact would affect not only the farm level, but also marketing and 
slaughtering channels, as well as meat and milk distribution. As an example, 
economic losses from the 2001 FMD epidemic in the United Kingdom ex-
ceeded $10 billion (Thompson et al., 2002). More than 6 million animals 
were slaughtered. The outbreak lasted 7 months. A more recent outbreak 
that occurred in August 2007 was not widespread and was contained in a 
relatively short period of time, yet is still expected to result in millions of 
dollars of loss. 

In sheep, FMD results in signs that are often so subtle that they go un-
noticed or the signs are mistaken for common sheep diseases, namely sore-
mouth and foot rot. This is an important aspect of the disease, as infected 
sheep may be moved to many different locations and serve as a source of 
virus not only to other sheep and goats, but also spread the disease to pigs 
and cattle. In the 2001 UK outbreak, sheep were thought to play a major 
role in the widespread undetected initial spread of the disease.

Other foreign animal diseases of concern are peste despetits ruminants, 
sheep and goat pox, exotic strains of bluetongue, and Rift Valley Fever. The 
threat of these diseases further emphasizes the need for a good biosecurity 
program as well as identification and records for traceability.
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MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES IN SHEEP HEALTH

Disease adversely impacts viability, overall growth, rate of gain, im-
munity, and reproductive performance, which in turn reduce income. Flock 
health programs should be an essential component of the overall manage-
ment scheme of raising sheep. Other than scrapie, there is no other disease 
where a national effort has been made to reduce or eliminate the problem. 
In the United States, making and prioritizing recommendations regarding 
research needs and control measures is difficult because the data related to 
the costs of disease and the effect on productivity and profitability of the 
sheep industry are inadequate. 

Major Accomplishments in Sheep Health

The sheep industry and the USDA, with support from congressional 
appropriations, have made substantial progress in the effort to eradicate 
scrapie. The insidious nature of this disease in combination with the lack 
of definitive scientific understanding has made this a great challenge. A 
few of the more important accomplishments in sheep health include the 
following:

•	 A reduced percentage of sheep of all face colors that test positive for 
scrapie at slaughter and a decrease in the number of positive animals found 
at slaughter, resulting in fewer new infected and source flocks and fewer 
animals indemnified in recent years.

•	 A more complete animal identification system for sheep than exists 
for any other species in the United States, providing records of movements 
and a framework that would allow for the tracing of other diseases and 
animal movements.

•	 The sheep industry was instrumental in obtaining designation of 
sheep within the MUMS Act, which has maintained the availability of criti-
cally needed drugs, anthelmintics, and vaccines. 

Major Opportunities and Challenges for Sheep Health

Over the years, the U.S. sheep industry has not suffered the effects of a 
major disease outbreak or a food safety crisis. Consequently, consumers do 
not currently associate lamb and mutton with Salmonella, E. coli, or other 
food-borne pathogens. From an animal welfare aspect, the practice of rais-
ing sheep extensively has protected the industry from the severe criticism of 
those industries accused of having factory farms. The markets for lamb and 
other sheep products, such as milk, cheese, mutton, and wool, have the op-
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portunity for growth unhampered by factors that may negatively influence 
public opinion and purchases. Other opportunities include:

•	 Use of the identification system for animal movement as the founda-
tion for an overall flock health program. The scrapie‑certification program 
could be used as the framework for other disease control programs. This is 
being done in Minnesota with OPP.

•	 Improvement in biosecurity practices. Over time, the vast majority of 
sheep operations add sheep to their flocks (i.e., they do not maintain closed 
flocks). Despite these additions, most producers do not implement any type 
of quarantine, require premovement testing, or take precautions to prevent 
nose-to-nose contact at shows, or other encounters. The industry has the 
opportunity to improve biosecurity practices that will help reduce the spread 
of endemic diseases and prevent the entry of highly contagious diseases. 

•	 Genomics, gene biotechnology, gene markers. Although in its infancy 
in production applications, completion of mapping the sheep genome is like-
ly to have major impacts on improving animal health and disease control. 
For example, New Zealand research has identified multiple gene markers 
for internal parasite resistance in sheep. New techniques are being used to 
provide improved medicines and vaccines.

Despite the accomplishments and opportunities, a number of key chal-
lenges in the area of sheep health still face the U.S. sheep industry, including 
the following:

•	 Lack of data on the economic impacts or the true prevalence of most 
of the diseases or disease conditions affecting sheep in the United States. The 
lack of this information makes it difficult for the industry as a whole to make 
decisions regarding the allocation of resources as well as the determination 
of research and policy priorities. Without knowing the economic impacts 
and prevalence of certain diseases, individual producers may not be able 
to maximize profits by implementing the necessary on-farm preventive or 
control measures.

•	 Lack of approved drugs. The unavailability of approved drugs will 
continue to adversely impact the sheep industry in efforts to prevent and 
control certain diseases. There will still be significant challenges of providing 
the necessary incentives for pharmaceutical companies to engage in research 
and development for small ruminant products. One of the biggest challenges 
will be the increasing drug resistance of intestinal parasites. 

•	 Growing shortage of large-animal veterinarians. The veterinarian 
shortage may add to the already significant number of sheep operations 
that do not use the service of a veterinarian, which, in turn, may affect 
sheep welfare. As the niche industries grow, many of the new sheep owners 
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have not raised livestock before. The lack of practitioners to give advice, 
administer treatments, perform surgeries, and euthanize animals may lead 
to prolonged and unnecessary suffering.

•	 Lack of death loss data. An accurate estimate of the actual lamb 
crop in the United States cannot be developed without death loss data for 
the predocking period in some of the states with the highest sheep numbers. 
More important, efforts to reduce such losses are encumbered without an 
accurate baseline that could provide answers to various questions, such as 
the following relating to possible reasons for lower numbers of lambs:

—	Are the ewes giving birth to multiple lambs?
—	Are lambs born dead?
—	Are lambs dying shortly after birth from no colostrum or poor 

mothering?
—	Are lambs dying at a few weeks of age from scours, pneumonia, and 

other causes?
—	Are predators responsible for the majority of deaths?

•	 Monitoring research on atypical scrapie. With the tremendous prog-
ress the industry and USDA have made in reducing the prevalence of clas-
sical scrapie, it will be important for all parties to continue to monitor the 
changing science and epidemiology surrounding atypical scrapie, especially 
the theories on origin, routes of transmission, and the effects of genetics. 
What is almost certain is that the current genetic approach as used around 
the world will not work for atypical scrapie. It may be that other genotypes 
could be considered but even that is unknown.

•	 Research on the link between MAP and Crohn’s disease. If a scien-
tific consensus is reached or if a definitive link is found between MAP and 
Crohn’s, the sheep industry may find itself in a precarious position on a 
food safety issue. In a crisis, the unknowns are considered one of the biggest 
enemies. Currently the industry does not know the prevalence of OJD, if 
cooking kills the agent, or if pasteurization of sheep’s milk is more effective 
than pasteurization of cow’s milk. It is important to begin research in these 
areas.
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APPENDIX:  
A Chronology of Scrapie Control in  

the United States

1947 – First case of scrapie was diagnosed in a Michigan flock. The 
sheep were of British origin imported from Canada over a period of years. 

1952 – �������������������������������������������������������������        Scrapie diagnosed in a California flock. ��������������������  Insistence from the 
United States Animal Health Association (USAHA) prompted the U. S. Sec-
retary of Agriculture to declare a state of emergency to handle the disease. 
The eradication program included laboratory confirmation, quarantine and 
depopulation of infected flocks, and tracing and slaughter of exposed ani-
mals sold from infected flocks. The federal indemnity paid at this time was 
50 percent of the difference between the appraised value of the animal and 
salvage, but not to exceed $25.00 per head for grade animals and $75.00 
for purebreds.

1953 – The Act of 1884 was amended to include scrapie, and the emer-
gency order was rescinded.

1954 – Title 9 Code of Federal Regulations Part 54 was promulgated. 
These regulations covered animals destroyed because of scrapie.

1955 – Regulations were amended to include goats.

1957 – Program was broadened to include source flocks. These were 
defined as flocks from which an affected animal was removed within 18 
months before showing signs of scrapie. The source flock was also quaran-
tined and depopulated. Exposed animals sold from the source flocks were 
traced and slaughtered.

1964 – Scrapie Field Trials began at Mission, Texas.

1965 – The widespread eradication program was modified to allow a 
provision for bloodline slaughter. In the event the disease was limited to one 
bloodline, slaughter could be confined to that genetic line. The nonbloodline 
animals were placed under 2 year quarantine with sale to slaughter only. 
After the quarantine period, the animals were subject to 18 months of sur-
veillance. In lieu of the bloodline option the owner could opt to depopulate 
the entire flock. 

Note: Although the bloodline program was in effect for 10 years, the 
bloodline option was used in only 4 of some 71 cases.
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1975 – Bloodline option was eliminated.

Exposed animals could no longer be slaughtered for human consump-
tion due to a perceived public health risk.

Federal indemnity was increased to $40 for grades and $90 for 
purebreds.

1978 – Federal indemnity was paid in the amount of two-thirds of the 
appraised value of the animal not to exceed $300. This formula was used 
for both grades and purebreds.

1980 – Canada adopts a bloodline program.

1982 – On recommendations by USAHA and the National Woolgrowers 
Association, the Cooperative Scrapie Eradication Program was reviewed. 

1983 – The Scrapie Eradication Program as outlined in Veterinary 
Services Memorandum 557.1, dated April 8, 1983, went into effect. The 
program involved diagnosing infected animals, tracing and euthanizing 
bloodline animals, and maintaining infected and bloodline flocks under 
surveillance. The program concentrated primarily on the elimination of 
bloodline animals on the maternal side. The rationale for this change was 
to reduce indemnity payments and preserve valuable bloodlines without 
supposedly reducing the effectiveness of the program.

1987–1988 – Scrapie Review meetings held. These reviews involved 
representatives from industry, researchers, state regulators, and USDA 
APHIS.

Advanced notice in the Federal Register of proposed rulemaking, 
soliciting comments on whether to discontinue the Scrapie Eradication 
Program.

Comments received in response to this rulemaking overwhelmingly 
asked APHIS not to discontinue efforts to control scrapie. The commenta-
tors did request that the government officials in cooperation with industry 
groups devise a new program for the control of scrapie.

1990 – Scrapie Negotiated Rulemaking Committee established. 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


166	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

The following organizations were represented on the Rulemaking 
Committee:

American Association of Small Ruminant Practitioners
American Farm Bureau
American Hampshire Association
American Meat Institute
American Polypay Association
American Sheep Industry, Inc.
American Suffolk Society
Animal and Plant Health Inspection Service
Continental Dorset Club
National Assembly of Chief Livestock Health Officials
National Renderers Association
National Suffolk Association
United States Animal Health Association

1991 – The Rulemaking Committee agreed upon a core program for the 
control of scrapie. This program consists of the following facets:

a.	A voluntary scrapie flock certification program;
b.	One-time indemnification for infected and source flocks; and
c.	 Regulations to establish identification of sheep from scrapie-infected 

and source flocks moving in interstate.

1992 – Voluntary Scrapie Flock Certification Program (VSFCP) 
established.

Interstate regulations to identify sheep from scrapie-infected and source 
flocks established (Detwiler et al., 1997).

1997 – VSFCP modified to make it more user friendly for commercial 
producers.

1999 – APHIS reviewed and revised the VSFCP which became the Scra-
pie Flock Certification Program.

2001 – APHIS approves the third eyelid test for the diagnosis of scrapie 
in live sheep.

APHIS makes official eartags available to producers, dealers, and 
markets.
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Federal regulations that enacted the NSEP went into effect: (1) Records 
and identification required for sheep moving in interstate commerce, (2) in-
demnity was reinstated and (3) a program to recognize states that conducted 
an active scrapie control program consistent with federal requirements was 
established.

Phase 1 of the Scrapie Slaughter Surveillance Study (SOSS) began.

2002 – Phase 2 of the Scrapie Slaughter Surveillance Study began. This 
phase was carried out to determine the prevalence of scrapie in the United 
States. 12,491 valid test results were obtained. It was determined that the 
overall weighted national prevalence of scrapie in mature sheep was 0.20 
percent. More details are provided below.

APHIS adopted a genetics-based flock clean-up plan as a standard 
method for cleaning up scrapie-infected flocks. 

2003 – USDA received $15 million in appropriated funding to conduct 
NSEP.

SOSS concluded and the Regulatory Scrapie Slaughter Surveillance 
began.

Scrapie Eradication Uniform Method and Rules published.

APHIS approved the immunohistochemistry on lymphoid tissue as an 
official test.

National Identification Development Team (NIDT) Steering Committee 
created.

2004 – SOSS results published.

Sheep-specific animal identification plan was presented to the NIDT 
Steering Committee.

2007 – APHIS received $18.4 million in appropriated funds to conduct 
NSEP.

2010 – Goal to eliminate scrapie outbreaks in the United States.

2017 – Goal for the United States to be declared “scrapie-free” by the 
World Organization for Animal Health (OIE) (D. Sutton, personal com-
munication, 2007).
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4

The U.S. Lamb Industry

The largest downstream component of the U.S. sheep industry supply 
chain is the lamb industry. Lamb consumers represent the end users 
of the lamb industry component of the supply chain. Ultimately, 

production is driven by consumer demand. Signals provided by consumers 
determine in large part how much lamb moves through market channels. 
At the other end of the lamb industry component of the supply chain are a 
relatively few number of packers who transform the live animals to meat 
and byproducts. Between packers and consumers are breakers, further fab-
ricators, wholesalers, retailers, and foodservice purveyors who transport 
and further transform the meat for sale to consumers.

Not surprisingly, given the historical contraction of U.S. sheep invento-
ries as chronicled in Chapters 1 and 2, U.S. sheep and lamb slaughter, along 
with lamb production and demand, have also declined over the years. Lamb 
production has declined more rapidly than lamb consumption, falling by 
over 80 percent from a high of nearly 0.50 billion kilograms in 1945 to the 
low of 84.4 million kilograms in 2006 (USDA, 2007a). Buoyed by growing 
imports in recent years, however, U.S. lamb consumption hit a low of 134 
million kilograms in 1996 and has grown slowly over the last decade. The 
resilience of lamb consumption in the face of declining domestic production 
has arrested the slow decline in per capita consumption, which has held 
steady at 0.50 to 0.55 kg since the mid-1990s. Even so, as a share of total 
U.S. red meat consumption, lamb has dropped from over 5 percent in the 
1930s to just under 1 percent since 2000. While these numbers accurately 
characterize historical changes in the U.S. lamb industry, focusing on these 
numbers alone fails to recognize the important contribution of the lamb 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


170	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

industry to the U.S. agricultural economy and the potentially industry-
transforming changes currently in process, such as the emergence of direct 
marketing, growth in ethnic demand, and other market forces creating some 
optimism about the future of the industry.

This chapter takes a close look at the U.S. lamb industry, with particular 
interest in the current status of and changes taking place in lamb produc-
tion, marketing, consumption, and trade, along with the market forces and 
government policies that influence their patterns of change. The discussion 
is based on a wide range of research on the lamb industry, including supply 
issues (e.g., Whipple and Menkhaus, 1989; Purcell et al., 1991; Van Tassell 
and Whipple, 1994), demand issues (e.g., Whipple and Menkhaus, 1989; 
Williams et al., 1991; Byrne et al., 1993; Purcell, 1998), marketing margin 
and packer concentration issues (e.g., Menkhaus et al., 1989; Brester and 
Musick, 1995; Capps et al., 1995; Viator et al., 2007); trade issues and 
foreign lamb markets (e.g., Richie, 1979; Reynolds and Gardiner, 1980; 
Babula, 1996, 1997; U.S. International Trade Commission (US ITC), 1999; 
Vere et al., 2000; Muhammad et al., 2007); and the welfare implications 
of government policies (e.g., Whipple and Menkhaus, 1990). The chapter 
concludes with a summary of the major accomplishments, opportunities, 
and challenges facing the lamb segment of the U.S. sheep industry. 

LAMB SLAUGHTER AND PRODUCTION

Even as slaughter has declined over the years, the average live weight 
of slaughter lambs has grown, particularly since the mid-1990s, so that 
lamb production has declined somewhat more slowly than slaughter (Figure 
4-1). From 10.5 million head in 1970, federally inspected sheep and lamb 
slaughter dropped by more than half to 5.0 million head only 9 years later 
in 1979. Following a brief upsurge over the next few years to nearly 6.8 
million head in 1984, slaughter began to decline once again, reaching only 
2.5 million head in 2006 (USDA, 2007b). Over the same period, however, 
the average live weight of slaughter lambs increased from 47.5 kg to around 
63.5 kg and dressed weight from 23.45 kg to about 31.75 kg (ASI, 2007). 
The heavier weights of the slaughter lambs helped slow the decline in lamb 
production from 250 million kg in 1970 to 80 million kg in 2007. 

One consequence of the decline in slaughter has been a decline in the 
number of packers buying sheep and a drop in public and non-public auc-
tions by over 70 percent between 1980 and 2005 (Figure 4-2). In turn, the 
decline in the number of packers has led to both regional and structural 
concentration in sheep and lamb slaughter. Regionally, about three-quarters 
of the 2.5 million head slaughtered in 2006 were concentrated in the Mid-
west and Mountain states (Table 4-1). Another 9.5 percent occurred in the 
Northeast, with the rest scattered among a large number of other states 
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FIGURE 4-1  Lamb slaughter, production, and average liveweight, 1970–
2004. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2006). 

around this country. Structurally, only a few firms slaughter a large share 
of the sheep produced in the country. In 2005, the four largest slaughtering 
firms accounted for 69.6 percent of the federally inspected lamb slaughter 
(USDA, 2007c). The percentage of lambs slaughtered by the four largest 
packers, termed the four-firm concentration ratio (CR4), however, has 
declined from a high of 75 to 80 percent in the early 1990s, following a 
rash of mergers and acquisitions in the meat packing industry (Williams et 
al., 1991; USDA, 2007c). Most packing facilities are located strategically 
near lamb feeders, consumers, or both. Of 205 lamb packing plants, one is 
classified by the USDA Food Safety Inspection Service (FSIS) as large (500 
or more employees), while 42 are classified as small (10 to 499 employees) 
and another 162 as very small (fewer than 10 employees or less than $2.5 
million in annual sales). 

The majority of finished lambs (both grain-fed and grass-fed) are pur-
chased by packers for slaughter. Packers separate the pelts and offal from 
the lamb carcasses, which are inspected by FSIS. Lamb carcasses are also 
usually quality graded by the USDA Agricultural Marketing Service (AMS). 
Packers have traditionally marketed their products as hanging carcasses 
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FIGURE 4-2  Number of lamb packers and plants by market type.a
  aNonpublic includes all sources except terminal markets and auctions. Public includes 
terminal markets and auctions.
Source: USDA (2007c).

TABLE 4-1  U.S. Federally Inspected Sheep Slaughter by Region, 2006

Regiona 1,000 head     %

Northeast 242.2 9.5
Southeast 36.9 1.4
Midwest 770.2 30.3
Central 43.4 1.7
Mountain 1,093.5 43.0
Northwest 23.9 0.9
Other States 335.3 13.2
Total U.S. 2,545.4 100.0

  aStates in each region: Northeast = DE, MD, NJ, NY, PA, VA, WV; Southeast = AL, FL, GA, 
KY, MS, NC, SC; Midwest = IA, IL, IN, KS, MI, MN, MO, NE, OH, WI; Central = AR, LA, 
NM, OK, TX; Mountain = CO, MT, ND, SD, UT, WY; Northwest = AK, ID, OR, WA; Other 
States = all states not in any other region.
Source: USDA (2007e).
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or boxed primals of carcass equivalents to breakers for further processing 
into consumer units. Secondary products include offal moving to rendering 
plants and pelts moving primarily to industrial leather processors. In 1990, 
only 38 percent of packer sales went directly to the traditional breakers, 36 
percent directly to retailers (primarily supermarkets), 8 percent directly to 
foodservice (primarily hotels, restaurants, and institutions), and the remain-
ing 17 percent directly to nonbreaking wholesalers marketing to both the 
retail and foodservice channels (Williams et al., 1991). As the demand for 
case-ready products has grown along with the demand for value-added cuts, 
packers are now doing much of this further processing themselves, although 
current data are not available.

Lamb Carcass Yield and Quality 

Perhaps the most difficult challenge in lamb production is excess fat on 
lamb carcasses (Magagna, 1991; Williams et al., 1991; Tatum et al., 1992). 
The current market structure and pricing system reward producers and lamb 
feeders for weight rather than a value based on quality and yield grades. The 
factors that play an important role in the assessment of value of the lamb 
carcass include the relationship between weight (live and carcass), genotype, 
muscling (lean), and how they relate to fat (lipid content) of the carcass. 
Noticeably more lambs are being harvested when they are in the plateau of 
their growth curve (rather than in the positive plain of the growth curve), 
and as a result they are predisposed to depositing more fat than muscle. At 
the same time, some breeds, and individuals within a breed or population, 
should be harvested at lighter weights based on their individual maturity 
patterns to avoid excessive fat depositition whereas others (breeds, indi-
viduals within breeds, or populations) are capable of being fed to heavier 
weights because they have a later maturity pattern that results in heavier 
carcasses with relatively more muscle and less fat. The tendency is to feed 
all lambs (regardless of maturity pattern) to about the same average live 
weight, which leads to excess fat in many breeds and individuals. Without 
a value‑based marketing system in the lamb meat industry, the tendency is 
to keep all lambs on feed for an extended period of time. In many cases 
this is done without consideration of lean gain per day. When discussing 
the importance of introducing a value‑based marketing system, it is crucial 
that the discussion include an assessment of the current USDA lamb grad-
ing system. It is imperative that the lamb grading system be reviewed for its 
ability to accurately predict and/or assess lean versus fat. 

The standards for slaughter lambs, yearlings, and sheep were revised 
July 6, 1992, requiring the “coupling” of quality and yield grading to 
identify both quality and yield when carcasses are officially graded and to 
require removal of most of the kidney and pelvic fat prior to grading. In 
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addition, leg conformation score was eliminated as a yield grade factor, 
and the fat thickness range in each yield grade was shifted and narrowed 
(USDA, 2007d). The changes were made in response to requests by produc-
ers as represented by the American Sheep Industry Association (ASI) “to 
provide an improved communication tool to efficiently reflect consumers’ 
preferences for lean meat products back to producers” (USDA, 2007d). The 
changes were overwhelmingly supported by all industry segments except 
lamb feeders and lamb slaughterers and processors (USDA, 2007d). Those 
two segments of the industry were split on the changes (USDA, 2007d). 

The purpose of the grading system is to aid in the pricing and marketing 
of lamb. Quality grades provide an assessment of two components that in-
fluence carcass excellence: conformation and quality (fatness, maturity, and 
other indicators of differences in palatability of the lean flesh). Conforma-
tion is evaluated by averaging the overall thickness and shape of the carcass 
in the rack, loin, and leg regions. The quality grades for lamb (12 months 
of age or younger assessed by physiological maturity) and yearlings (12 to 
24 months of age) are prime, choice, good, and utility; for sheep (older than 
24 months) quality grades are choice, good, utility, and cull. Quality grades 
are determined based on flank streaking, leg conformation scores, and lean 
maturity. Sheep must exhibit a higher degree of flank streaking than lambs 
or yearlings to grade choice. Lamb is more easily labeled as prime with the 
correct conformation and flank streaking (Purdue University, 2007). Prime 
is the highest and choice is the second‑highest quality grade demanded by 
consumers. Table 4-2 gives an example of lamb carcass quality grading 
based on flank streaking and age.

TABLE 4-2  Lamb Quality Grading

Flank Streaking

Age of Lamb

Young
Lamb

Older
Lamb

Yearling  
Mutton Mutton

Abundant Prime Prime Prime Prime
Moderately abundant Prime Prime Prime Prime
Slightly abundant Prime Prime Prime Prime/Choice
Moderate Prime Prime Prime/Choice Choice
Modest Prime Prime/Choice Choice Choice
Slight Choice Choice/Good Good Good/Utility
Traces Choice/Good Good/Utility Utility Utility
Practically devoid Good/Utility Utility Utility Utility/Cull

Source: Based on data from Purdue University (2007).
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Before 1992, yield grades determined the amount of proportional 
trimmed meat in comparison to fat and bone in the carcass. Yield grades 
were determined by measuring the external fat thickness between the 12th 
and 13th ribs of the carcass, an estimate of the kidney, pelvic, heart fat, and 
conformation of the leg according to the following equation:

Before 1992 
Yield Grade = 1.66 – (0.05 × leg conformation score) 
			   + (0.025 × percentage kidney, pelvic, and heart fat) 
			   + (6.66 × adjusted backfat thickness)

The current equation that was approved for use on July 6, 1992 only 
uses adjusted back fat measured at the 12th rib, over the loin eye, 

Current yield grade equation = 0.4 + (10 × adjusted backfat thickness)

Berg et al. (1998) reported that factors that influence the percent bone-
less closely trimmed retail cuts (BCTRC) are carcass muscle mass, carcass 
weight, internal fat, subcutaneous fat, and intermuscular (seam) fat. They 
also concluded that the current cutability grades (estimation of the percent 
BCTRC) used in the three red meat species (beef, pork, and lamb) incorpo-
rate one or more of these criteria to establish value associated with saleable 
product. Table 4-3 shows the differences in the current yield grading criteria 
for beef, pork, and lamb carcasses. Clearly, lamb yield grades are based on 
the least amount of information when compared to carcasses from beef and 
pork. Further, the lamb yield grading system is the only one for the three 
red meat species that does not account for muscling in the measurement 
equation. External fat is related to total carcass fatness. As the external 
fat increases, so does the numerical yield grade, resulting in a presumed 

TABLE 4-3  Comparison of Yield Grade Criteria for Beef, Pork, and 
Lamb Carcasses

Measurement

Yield Grade Criteria

Beef Pork Lamb

Size Carcass weight None None
Muscling Ribeye area Muscle score None
Trimmable fat 12th rib fat thickness Last rib backfat 12th rib fat thickness
Internal fat Kidney, pelvic, and heart fat None None

Source: Berg et al. (1998) adapted from Savell (1997). Copyright 1998 by ASI. Used with 
permission.
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reduction in carcass value (Field et al., 1963; Carpenter et al., 1964; Garret 
et al., 1990; Harris et al., 1990; Fritz et al., 1995). The U.S. lamb grading 
system is a visual appraisal of carcass fatness that leaves room for error 
due to the subjective nature of the assessment. The original intent of the 
yield grading system was to assess carcass value based on factors relative 
to muscle, fat, and weight, but the current system only evaluates fatness of 
the carcass. 

When USDA graders evaluate lamb fatness, a subjective visual estimate 
of fat depth adjacent to the 12th rib, it is used as a predicator of percent 
BCTRC (Berg et al., 1998). The evaluation can be adjusted for body wall 
thickness and other indicators of carcass fatness. A single measurement 
based on a visual appraisal of fat depth can lead to the misclassification of 
lamb carcasses relative to retail yield (Berg et al., 1998). Heaton et al. (1993) 
found that visual estimation of a single fat trait (12th rib fat) was, at best, a 
marginal predictor of lamb carcass composition even when the most expe-
rienced lamb carcass evaluators were used. Snowder et al. (1994) reported 
that backfat depth only accounts for 21–22 percent of the variation in the 
percentage of major and total retail cuts under commercial conditions. They 
also found that body wall measurement for fat depth was a better indicator 
of total carcass fatness, explaining more than 30 percent of the variability 
for yield of retail cuts as compared to the use of backfat measurement over 
the 12th rib.

Although the yield grade calculation accounts for the fat that is trimmed 
prior to reaching the retail case, the calculation does not account for seam 
fat, which is seen by the consumer and possibly affects purchasing decisions 
at the retail case. If consumers make lamb-buying decisions based on the 
meat-to-waste ratio or on the perceived healthiness of the cut purchased, 
seam fat is a negative in the lamb retail case. Accurately predicting seam fat 
would help the lamb industry to sort and price carcasses that are desirable 
based on consumer acceptance and purchasing criteria. 

Although the current yield grading system is not the most accurate 
or the most useful in determining the value of lamb carcasses, it is easily 
implemented during the movement of carcasses from the cooler to fabrica-
tion. Line speed in the packing plant is the largest hurdle to overcome in 
implementing new technologies to estimate the percent BCTRC. A number 
of new procedures to evaluate carcass value based on the relationship be-
tween fat and muscle have been investigated. Berg et al. (1998) reported that 
warm carcass weight, loin eye area, and body wall thickness, when com-
bined with external fat depth (12th/13th rib interface), predicted percent 
BCTRC better than any other measures they tested with the exception of 
an optical grading probe measurement of a chilled carcass. They concluded, 
however, that taking all of these linear measurements is time-consuming and 
labor‑intensive and would not be practical in today’s lamb packing plants, 
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particularly since carcasses are not ribbed, which allows the collection of 
loin eye area measurements.

Championed by producer cooperatives and direct marketers, value-
based marketing systems would benefit from an accurate evaluation tool 
to assess BCTRC or something similar. Such a system is designed to pay 
producers premiums for lamb carcasses that meet particular quality and 
yield specifications. Although a number of other procedures for estimating 
the percent BCTRC from lamb carcasses have been investigated, the change 
in the USDA grading system to require both yield and quality grading has 
focused research on measures that improve accuracy over the current sub-
jective visual assessment. Cattle producers were reluctant to sell beef in a 
carcass merit system as an assessment of the grading system using humans 
rather than calibrated technology (Savell and Cross, 1991). Cross and Belk 
(1994) maintained that a true value‑based marketing system will not be 
accepted by producers unless carcass value is determined through objective 
mechanical instrumentation. Some of the more effective mechanical mea-
surement techniques currently available include the following:

•	 Video Image Analysis (VIA). Of the new technologies that have been 
introduced over the last decade, VIA, or more commonly referred to in the 
sheep industry as lamb vision system (LVS), seems to be the most promis-
ing. It is relatively accurate and has inline capabilities that do not slow 
line speed in a commercial packing operation. The measurements that LVS 
can assess include carcass length, groin to right leg length, groin to left leg 
length, distance from groin to end of shank, red color score for shoulder, 
blue color score for shoulder, red color score for loin, blue color score for 
loin, distance between the two legs, groin area, carcass area, total carcass 
width, leg area, leg width, and groin angle (Brady et al., 2003). These mea-
surements help to assess shape and size of carcass, degree of muscularity, and 
relative proportions of fat and lean (Brady et al., 2003). When compared 
to the current yield grade equation, LVS has a more detailed inventory of 
factors that predict lamb carcass cutability (BCTRC). Assessment of LVS in 
the United States (Brady et al., 2003; Cunha et al., 2004) has validated the 
prediction equations and determined that both the accuracy and precision 
of bone-in cut yields of lamb carcasses were improved by the use of LVS 
compared with the current grading system. Furthermore, the authors of 
these reports have reported that predicted accuracy exceeded that of other 
methods. This equipment is in use in commercial beef plants as a method 
of assessing and sorting beef carcasses. Brady et al. (2003) concluded that 
packers would benefit from the use of LVS combined with hot carcass weight 
by having tighter control on inventories and producers would benefit by 
receiving feedback regarding lamb carcass data. The Welsh Country Food 
Group (2007) also reported that LVS will offer considerable benefits to 
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both producer and processor. According a to validation study by Cunha et 
al. (2003) for USDA AMS, the use of LVS explained a greater proportion 
of the observed variation in yields of bone-in cuts from carcasses than did 
expert (whole number) USDA yield grades, expert (nearest tenth) USDA 
yield grades, or online (whole number) USDA yield grades. The equipment 
is being used in other countries to sort lamb carcasses and assess value. 

•	 Optical Grading Probes (OGP). The basic principle behind the OGP 
technology is that fat that is predominantly white reflects more light than 
lean muscle, which would be darker in color. The OGP technology has 
been used in the pork industry with considerable success over the last two 
decades. Berg et al. (1998) reported that, in an online industrial setting, the 
OGP technology (1) is simple to operate, (2) is relatively inexpensive, and 
(3) can assess carcass composition at rapid line speeds. Hopkins et al. (1995) 
reported the greatest limitation of the OGP technology is its reliance on a 
human operator, which creates the potential for error (see also Boland et 
al., 1995a).

•	 Ultrasound. Although real-time ultrasound technology has been used 
successfully in the swine industry, the use of the technology with beef and 
sheep has been less successful due to the presence of hair or wool and/or 
variations in the thickness of pelt. The use of ultrasound is also dependent 
on a human operator who is highly trained and versed in interpretation of 
ultrasonic images. Ultrasound can be used successfully when the integrity 
of the image being captured is not hindered in any way prior to the image 
capture. Berg et al. (1998) reported that using ultrasound on carcasses after 
the pelt is removed introduces error in the measurements. The practice of 
pelt removal introduces air pockets in the subcutaneous layer of the fat, hin-
dering ultrasonographic penetration and resulting in “noise” in the captured 
image. Using ultrasound on live sheep and lambs prior to harvest, while 
assuring an accurate reading, would require a patch of wool to be sheared 
to the skin at the 12th rib. Although this process would help in capturing 
a more accurate image, it would result in a discounted pelt credit as well 
as requiring additional labor to take the measurements. Ultrasound can be 
used as a tool for selection in a breeding flock where time and pelt credits 
are not at a premium.

•	 Bioelectrical Impedance (BI). BI technology has been used success-
fully for measurement of human body composition (Heitmann, 1994). 
Many of the applications of the BI technology in the livestock industry 
have been adopted from the human health field. With minor adjustments 
in programming, the same equipment is used to measure livestock carcass 
composition. Slanger et al. (1994) tested the BI technology to assess carcass 
composition in a commercial packing plant and concluded that the tech-
nology had great promise for use in the lamb industry as a way to predict 
kilograms of retail‑ready product. Berg et al. (1998) reported that the BI 
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technology is simple, affordable, nondestructive, portable, and a useful tool 
in live animal and carcass evaluations.

•	 Electromagnetic Scanning or Total Body Electrical Conductivity 
(TOBEC). As the carcass is passed through on a conveyor, muscle tissue 
absorbs energy whereas fat and bone do not (Berg et al., 1998). Conse-
quently, an electromagnetic absorbance curve can be determined and used 
to calculate the lean versus fat or bone composition of the carcass. The 
TOBEC measurement process is highly accurate for determining total body 
composition. Researchers have determined that this method of body compo-
sition estimation is highly accurate for pork (Boland et al., 1995b) and lamb 
(Berg et al., 1994, 1997). The main drawback to the TOBEC measurement 
procedure is the amount of space required for equipment. The cost of con-
struction and remodeling the slaughter line to allow for the equipment could 
be substantial for some operations. Also, the TOBEC equipment is more 
expensive than that required for any of the other measurement procedures 
previously discussed.

Without an accurate assessment of lamb carcass yield (estimation of 
percent BCTRC), procurement of lambs based primarily on live weight will 
continue to encourage the purchase of lambs that are overfinished. However, 
identifying a method that will accurately assess the yield of a carcass has 
been the challenge. Berg et al. (1998) asserted that carcass procurement 
based on lean yield would be a strong deterrent to marketing overfinished 
lambs. They concluded that building producer confidence and packer ac-
ceptance for quality grading procedures for lamb carcasses will require a 
carcass yield pricing system with an acceptable level of accuracy in carcass 
evaluation (percent BCTRC). 

Live weight has traditionally been used as a measure of market readi-
ness. Many researchers have looked at the relationship between weight 
(live and carcass) and carcass lean versus fat yield. Wishmeyer et al. (1996) 
demonstrated that the correlation between harvest weight and measures of 
carcass fat is positive and moderately high and that there is a negative cor-
relation between harvest weight and measures of carcass lean yield. They 
reported that live weight was highly correlated with whole-body lean tissue 
(r = 0.96), ether extractable fat (r = 0.86), and crude protein (r = 0.80). 
Jenkins et al. (1988) found that carcass weight accounts for 91 percent of 
the variation in fat‑free lean tissue. Slanger et al. (1994) found that carcass 
weight is a reliable predictor of total weight of retail cuts. Tatum et al. 
(1988) reported that increased carcass weight was highly associated with 
increased carcass fatness. Garrett et al. (1992) supported this finding and 
reported that yield grade 2 carcasses are significantly lighter than yield grade 
3 and 4 carcasses. Berg et al. (1998) reported that live and carcass weight 
can explain moderate to high amounts of variation in the weight of total 
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lean, fat‑free lean, dissected carcass fat, and composition of whole body. 
A number of researchers (Edwards et al., 1989; Garrett et al., 1990, 1992; 
Berg et al., 1996, 1997) reported that the correlations between live/carcass 
weight and percent BCTRC, percent total dissected lean, and percent fat‑free 
lean are small and statistically insignificant, meaning that live and carcass 
weight are poor predictors of retail cut yield. 

Food Safety and Efficiencies

Although food safety is of concern in the meat industry, the primary 
public health concerns have focused on beef, pork, and poultry-based 
products. These three species are also the focus of the Pathogen Reduction, 
Hazard Analysis and Critical Control Point (HACCP) Systems regulations 
(USDA, 1996). These regulations require slaughter plants to test for generic 
Escherichia coli to verify that they are preventing fecal contamination. To 
verify that HACCP systems are effectively controlling contamination of raw 
products, FSIS takes samples from slaughter plants and ground-meat plants 
for Salmonella and measures the results against performance standards de-
veloped from nationwide microbial baseline surveys conducted before the 
regulations took effect (USDA, 1996; Morris, 2003). The requirements for 
developing and implementing sanitation standard operating procedures, a 
HACCP plan with clearly identified critical control points in the production 
system, and requirements for microbial testing for generic E. coli took effect 
at large meat and poultry plants (500 or more employees) in 1998, at small 
plants (10 to 500 employees) in 1999, and at very small plants (fewer than 
10 employees or annual sales of less than $2.5 million) in 2000.

Because lamb is considered a minor species, it was not covered initially 
by the 1996 HACCP regulations. In 1999, however, FSIS began requiring 
plants slaughtering minor species such as sheep, goats, horses, mules, and 
other equines, as well as those that slaughter ducks, geese, and guineas, to 
sample and test carcasses for generic E. coli (USDA, 1999). As summarized 
in comments to the final rule, some opposition surfaced with respect to 
sampling sites on the lamb carcasses, as well as the frequency of sampling 
rate (USDA, 1999). Some packers argued that the lamb industry, with a 
smaller animal (frame and weight) than cattle or hogs and more animal 
throughput should not have to be sampled at the same frequency as required 
of the major species. The final rule required lamb to be tested at the same 
frequency (1 out every 300 carcasses harvested) as cattle or at least once a 
week, whichever is greater. Further sample collection occurs at three sites: 
flank, breast (brisket), and leg (rump).

Although foodborne illnesses have not plagued the sheep and lamb 
industry as has been the case for the beef, pork, and poultry industries, 
lamb packers appear to be responding to the changes in regulations in full 
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force. Most have implemented their own in-house laboratories on location 
at the packing plant or have contracted with outside agencies to sample 
and evaluate their sanitation operations. One reason that there are more 
incidences with foodborne illness related to the major species in the United 
States is the variety of products from those species available to the consumer. 
Most bacteria are associated with the exterior portion of the product (con-
tamination of the subcutaneous layer of fat during pelt removal) since they 
are aerobic in nature. With the limited ways that lamb is presented to the 
consumer and with few of those items in the ground or further processed 
form, chances for a foodborne illness outbreak are reduced. Many of the 
food illness outbreaks related to meat are due to contaminated and under-
cooked, ground, or further processed products (ground/chopped/flaked and 
then mixed) when bacteria can move from the surface of the product to the 
interior where they might be trapped in air pockets shielding the bacteria 
from heat during the cooking process. Foodborne illness becomes a problem 
when the product is not thoroughly cooked. In the case of lamb, the major-
ity of the cuts offered are whole muscle cuts that are not further processed. 
Product development research leading to increased use of more of the lamb 
carcass will likely increase the incidence of foodborne diseases unless there 
is an associated research effort on pathogen control.

Meat‑processing systems that focus on producing a safe, wholesome 
product delivered to the consumer include inverted harvest systems and 
technologies used in multiple hurdle applications. Although a popular 
meat‑processing system in Australia and New Zealand, only a few process-
ing plants in the United States have introduced inverted chain harvesting, in 
which the lamb is hung by its front legs after harvest and prior to eviscera-
tion. This process has been reported to have the potential to reduce labor 
cost using the natural weight of the pelt to pull away from the lamb carcass, 
reducing the amount of trim required (USITC, 1999). With less handling, 
there is a reduced risk of contamination (USITC, 1999). Also, with the 
weight of the pelt falling away from the carcass there is less opportunity for 
contamination from the pelt. Time of year plays a significant role in the level 
of potential contamination in a lamb harvest facility. Bacterial contamina-
tion from pelt/carcass contact is reduced during dry seasons of the year since 
reduced pelt moisture reduces bacterial activation on the pelts. The opposite 
is the case during wet seasons of the year. Additionally, an inverted harvest 
system relies on the natural musculature of the lung which confines the 
viscera better than the esophagus. In addition to contaminants that might 
be present on the pelt, leakage from the rumen through the esophagus can 
contaminate the breast/shoulder region, elevating bacterial counts. These 
types of systems have been used in Australia and New Zealand with much 
success over the years in producing cleaner carcasses with less microbial load 
upon entering the initial chill cooler. A few American packing operations 
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have followed suit, adopting improved slaughter facilities that embrace the 
Australian and New Zealand design. 

Many lamb slaughter plants have implemented multiple hurdle systems 
to minimize pathogens. The pathogens of most concern in the meat industry 
include E. coli O157:H7, Salmonella spp., Listeria monocytogenes, Cam-
pylobacter, Clostridium botulinum, Clostridium perfringens, Staphlococcus 
aureus, Aremonas hydrophilia, and Bacillus cereus (Huffman, 2002). These 
bacteria are the targets of food safety procedures of all meat‑processing 
facilities regardless of species. Leistner and Gould (2002) described the 
principles of hurdle technology and concluded that if the initial microbial 
load is substantially reduced as a result of carcass decontamination proce-
dures, fewer microorganisms are present and will be more easily inhibited 
in any subsequent processing steps. Packers also have added in-line methods 
to reduce microbial load on carcasses prior to reaching the chilling cooler. 
One company has implemented a multiple hurdle approach for beef as a 
comprehensive means of reducing pathogen load that includes six steps: 
washing, steam vacuuming, prewash/organic acid rinse, double thermal 
pasteurization, thermal organic rinse, and cold carcass sanitizer. In the lamb 
packing industry, steam pasteurization, hot water rinses, and organic acid 
rinses (lactic or acetic acid) have been implemented nationally. Kochevar 
et al. (1997) reported that a 2 percent acetic acid (vinegar) wash at 74oC 
is the most effective in reducing total plate count and the effects of inocu-
lated lamb adipose (subcutaneous fat) tissue with fecal contamination. The 
Kochevar et al. (1997) study compared varying temperatures (16oC, 35oC, 
and 74oC) and four different solutions (12 percent trisodium phosphate, 2 
percent acetic acid, 5 percent hydrogen peroxide, and 0.003 percent avail-
able chlorine). Other research on the preharvest reduction of bacteria on 
livestock includes analyses of reduced shedding and prevalence of E. coli 
O157:H7 and other pathogenic bacteria through dietary changes (rough-
age vs. concentrate), the use of probiotic bacteria to reinoculate the rumen 
working on the principle of competitive exclusion, and drinking water treat-
ments prior to harvest (Huffman, 2002). 

While the expense of these pathogen-reducing systems may be prohibi-
tive to some smaller facilities, the payback to those able to implement these 
systems will be a safer product with a longer shelflife. The implementation 
of these systems presents problems other than the cost of the equipment as 
well. The systems can lead to added facilities and equipment maintenance 
costs because the chemical substances used are highly corrosive to metals 
other than stainless steel. Most lamb slaughter plants are somewhat dated 
and not likely to have stainless steel rails and equipment. In addition, high 
water temperatures, steam, and corrosive materials also create handling and 
human health concerns. 
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Processing to Enhance Value

According to a recent survey (Harris Interactive, Inc., 2007), 73 percent 
of American consumers have not eaten lamb within the previous 12 months. 
The survey also indicated the reason that many people (42 percent) do not 
eat lamb is that they just do not think about lamb when they are making 
their food purchase decisions. A study conducted by Cryovac® reached a 
similar conclusion (Sealed Air Corporation, 2007). The study found many 
people do not eat lamb because it is simply not available for purchase on 
a regular basis when they shop. The study found only 65 percent of the 
supermarkets audited carry at the most a single lamb product in the re-
tail case and lamb accounts for, on average, 1 percent or less of the space 
dedicated to fresh meat sales in self-service retail cases, which was about 
half the space allotted to nonmeat items in those same cases. This result is 
consistent with the findings of Williams et al. (1991). The Cryovac study 
also found < 1 percent of the total lamb displayed in grocery store meat 
cases is preseasoned or marinated. The consequence is few options for lamb 
consumers in retail stores. Poultry, beef, pork, and other protein sources 
that account for a substantially higher share of the retail case have also seen 
the rapid emergence of an increasing variety of precooked, easy-to-prepare, 
value-added products in recent years. 

Partially driven by dual-income households (65 percent of married 
women work outside the home) and longer work hours, almost 45 percent 
of Americans indicate that convenience plays a major factor in food choices 
because they have less time to prepare the family meal (Lyons, 2000; NPD, 
2003). In response to a question regarding preparing lamb for dinner, 
participants in a national consumer focus groups study in 2001 responded 
that when they think of cooking lamb, they think of a lot of preparation 
time with oven cooking of three to four hours. The participants indicated 
that dinner needs to be prepared and on the table in 30 minutes to fit their 
schedules, which can be done with chicken, beef, and pork. 

Although the lamb industry has lagged behind the beef, pork, and 
poultry industries in responding to these and other markets forces and 
trends affecting consumer purchasing behavior, both researchers and pro-
cessors in the lamb industry are increasingly focusing on developing new 
technologies and new product offerings to enhance the value of lamb by 
doing a better job of meeting rapidly changing consumer needs. Research is 
focusing on enhancing tenderness, flavor, juiciness, and ease of preparation; 
establishing consistency within a product line; new product development, 
including partial and precooked convenience items; and improving product 
packaging and appearance. The major overall objective is to make lamb a 
strong contender for the center-of-the-plate, not only for meals purchased 
in restaurants but also for those prepared in the foodservice industry and 
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in the home. The following are three areas where additional research and 
development are needed.

•	 Controlled/modified-atmosphere packaging. A reduction in bacterial 
counts increases product shelf life and stability particularly if the product 
undergoes further processing or alternative packaging systems. International 
processors have been using controlled-atmosphere packaging for some years 
by replacing oxygen with 100 percent carbon dioxide. In the United States, 
100 percent carbon dioxide packaging is being used to extend the shelf life 
of products in the holding cooler prior to retail display, which allows both 
large and small retail outlets to have a constant supply of fresh lamb in their 
retail cases. The advent of new packaging systems has made the develop-
ment and marketing of new products more feasible since the only point of 
contact with the product is at the packing plant, which reduces the oppor-
tunity for possible contamination or cross-contamination (with cuts from 
other species) and extends shelf life for up to several months. Lamb products 
would benefit from greater implementation of these new technologies.

•	 Product development. The lamb industry is following the lead of oth-
er meat industries in designing products that are quick to prepare, ready to 
eat, and shelf stable. Taking their lead from retail-level studies and “quality 
audits” related to beef and pork concluding that meat consumers want qual-
ity, consistency, and convenience in preparation (Purcell, 1989), researchers 
are exploring processing techniques used in other meat industries, such as 
grinding, chopping, flaking, forming, and pressing for application to lamb. 
For example, one major lamb processor is developing product lines geared 
to clientele who have minimal time to plan and prepare a meal, while at the 
same time ensuring an enjoyable eating experience (A. Catelli, personal com-
munication, 2007). Fox et al. (2003) concluded that a precooked lamb curry 
product compared favorably to a similarly prepared beef product in terms of 
consumer preference and could be a viable option in the marketplace. The 
researchers were concerned, however, that since their results were based on 
blind sensory trials, many consumers would perceive a difference between 
an all‑lamb and all‑beef product if the product were labeled as such (Fox et 
al., 2003). Additional product development will help meet new consumer 
interest in lamb as a convenient and alternative protein source.

•	 Value-added retail cuts. The meat industry continues to look at 
new, enticing ways to present products to consumers in the retail meat 
case. Families are smaller today and most, aside from a desire for easy and 
quick‑to‑prepare meals, are interested in portion-appropriate food products. 
With the exception of a variety of chops, the majority of the lamb cuts in 
the retail case, primarily legs and shoulders, consist of large portions. Many 
consumers either do not know how to prepare large-portion cuts such as 
a bone-in leg or a square-cut shoulder or they simply do not have the time 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


THE U.S. LAMB INDUSTRY	 185

to dedicate to the required preparation. Segmenting larger cuts into smaller 
portions that require minimal knife work and processing could more ap-
propriately meet consumer needs and enhance their lamb-eating experience. 
Many lamb processors have developed products with portion size in mind. 
The top‑selling lamb subprimals and cuts continue to be shoulder/shoulder 
cuts and legs, cuts that are not consistent with current consumer trends to-
ward smaller portions (Tables 4-4 and 4-5). Segmenting cuts like the bone-in 
leg and/or leg roasts into smaller single- or double-serving cuts and apply-
ing postharvest applications to ensure a tender, flavorful, easy-to-prepare 
product could better meet consumer needs and enhance retail lamb sales. 

Nutritional and Sensory Issues

Lamb meat nutrient profiles are similar to those of other protein sources 
with some minor differences. According to ASI, lamb compares favorably to 
chicken and beef and is superior to pork in terms of total fat, saturated fat, 
and cholesterol (Table 4-6). In contrast, Jamora and Rhee (1998) reported 
the total fat content of lamb (5.25 g/100 g separable lean) is about 17 per-
cent lower than that of beef (6.33 g) and 22 percent lower than pork (6.75 
g). Many of the animal proteins are reported to have a higher saturated fatty 
acid percentage when compared to fats of vegetable origin. However, like 
beef and pork, lamb fats are less than one-half saturated compared to their 
unsaturated fatty acid fraction. Jamora and Rhee (1998) also concluded 
that lamb saturated and polyunsaturated fatty acid percentages are between 
those of pork and beef. In addition, lamb is lower in monounsaturated fatty 
acids than beef or pork, but higher than veal or chicken. In terms of the 
protein levels, Jamora and Rhee (1998) found lamb is comparable to beef 
and pork. They reported similar findings for mineral levels, and in addition, 
they found lamb is a good source of zinc and phosphorus. Schweigert (1987) 
reported lamb is high in B vitamins, particularly B12, and it provides more 
niacin than beef or pork. 

Despite the comparable nutritional value of lamb and other animal 
protein sources, lamb consumption remains substantially lower than that 
of other protein sources in the United States. Part of the answer may relate 
to the distinct sensory properties of lamb compared to those of other ani-
mal proteins (Sink and Caporaso, 1977; Cramer, 1983; Jones et al., 1988; 
Jamora and Rhee, 1998). Age, sex, diet, breed, pH, and the extent and type 
of cooking done have all been linked to the distinctive lamb flavor profile 
with which American consumers are largely unfamiliar (Jamora and Rhee, 
1998). In a study by conducted by Rhee and Ziprin (1996) on ground meat 
samples (21 percent fat content) that were pan fried to an internal tempera-
ture of 71oC, consumers as well as trained (experienced) panelists could 
differentiate lamb from beef and pork in blind taste tests. They concluded 
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that the reasons for this result were that (1) lamb inherently has the most 
intense flavor among the three species, (2) lamb flavor is unique or more 
distinct, and (3) lamb flavor is objectionable or unfamiliar to some consum-
ers and easier to detect.

Because the flavor profile appears to be the overriding factor in con-
sumer acceptance of lamb meat, with tenderness as a secondary contribut-
ing factor, a number of studies have explored the chemical composition of 
lamb as it relates to lamb meat flavor. Young et al. (1994) reported that even 
though lean tissue may make a minor contribution to the lamb meat flavor 
profile, the fatty tissue is the main source of lamb meat flavor. Kunsman and 
Riley (1975) indicated that lamb samples they evaluated were considerably 
higher in hydrogen sulfide than beef and could contribute to lamb flavor. 
The higher level of sulfur in lamb is associated with the production of wool 
and the sulfur compounds that are associated with the fiber protein (kera-
tin). Although some sheep breeds may produce more mild‑flavored lamb, 
research has yet to provide conclusive evidence to substantiate this claim. 

Other factors found to play a role in lamb flavor intensity include 
chronological age (Sink and Caporaso, 1977), breed and gender (Young 
et al., 1994), diet (Field et al., 1983), and pH of the postmortem muscle 
tissue (Braggins, 1996). One factor found to affect lamb flavor over which 
the lamb industry has little control is consumer ability to cook lamb meat 
properly. The American Lamb Board (ALB) has produced educational ma-
terials to help train consumers and hotel, restaurant, and institutional trade 
representatives on proper cooking procedures for lamb. 

TABLE 4-6  Nutritional Comparison of Animal Protein Sources,  
3-oz Cooked Serving Trimmed of Visible Fat 

Calories Total Fat (g) Saturated Fat (g) Cholesterol (mg)

Lamb Leg 162 6.58 2.4 75.7
Pork (Fresh Ham) 179 8.02 2.8 80.2
Beef Round 164 6.59 2.4 69.0
Chicken (dark and light) 162 6.32 1.7 75.3
Turkey (dark and light) 145 4.23 1.4 64.4

American lamb nutritional composite (Percentage of U.S. Recommended Daily Allowances 
provided by a 3-oz serving of cooked lean lamb):
Protein: 43%; Vitamin B12: 74%; Niacin: 30%; Zinc: 30%;  Iron: 17%; Riboflavin: 15%; 
Calories: 7%.

Note: 3 ounces (oz) = 85 g.
Source: ASI (2004). Copyright 2004 by ASI. Used with permission.
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LAMB MARKETING

In any market system, consumers send signals through various channels 
regarding the quality, quantity, and value characteristics of the products they 
wish to purchase. How well the signals are received through the system de-
pends in large part on the market structure, including the number of levels 
through which the product must pass, the number and types of groups in-
volved at each level, and the functions each group performs at each level. In 
general, the fewer the number of levels through which the product must pass 
and the larger the number of participants at each of those levels, the more 
efficient markets are at translating and transmitting signals from consumers 
to producers. In the lamb industry, consumer-to-producer communication is 
weakened by the multiple levels through which the product passes, by the 
fact that certain market functions have become concentrated in the hands 
of a few firms, and by the relatively few consumers involved in purchasing 
lamb. Although the stages of lamb production have not been subject to ma-
jor changes over the years, efforts at greater vertical integration within the 
industry are evident. For example, producer-owned cooperatives not only 
sell feeder lambs to feedlots but also sell finished lambs to packers, carcasses 
to breakers, and meat products to retailers and to foodservice purveyors.

Lamb Marketing Channels

The marketing channel for lamb is anchored in the live sheep industry 
where a large number of geographically dispersed producers market their 
feeder lambs to a relatively few number of lamb feeders or directly to an 
even smaller number of lamb packers (see Chapter 2 for more detail). Except 
for the lighter‑weight lambs that are marketed directly to end users, most 
lambs eventually are sold to packers. From packers, lamb primarily moves 
as carcasses or boxed primals and increasingly as boxed subprimals and 
further fabricated cuts into wholesale, retail, and foodservice operations. 
These operations involve distribution centers of major national retail chains, 
breakers, and many nonbreaking wholesale distributors and fabricators 
located closer to consumer markets. Packers also are increasingly servicing 
retail outlets and foodservice establishments directly with boxed primals, 
subprimals, or further fabricated cuts. 

Breaking and Wholesaling

Breakers have traditionally played a key role in the lamb marketing 
system by further processing hanging carcasses or boxed primals into sub-
primals and individual cuts or by fabricating a more user-friendly form of 
lamb cuts ready for final processing by the ultimate retailer. Little specific 
data relating to breaker and wholesaler activities are available. According 
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to a study by Williams et al. (1991), 31 percent of breaker lamb sales went 
to wholesalers, 37 percent to retailers (mostly independents and regional 
chains), and 25 percent to foodservice operators of all types in 1991. The 
study also indicates that 47 percent of breakers were concentrated in the 
Northeast; 20 percent were on the West Coast, mostly in California; and 
the remaining 33 percent spread throughout the country in 1990. Unfortu-
nately, more recent data on both the distribution and roles of breakers are 
unavailable.

By locating in or near major lamb consumption areas, primarily on the 
East and West coasts, breakers provide service and convenience to buyers 
because the few lamb packers are often too far removed from these areas to 
service them efficiently. Breakers also serve the valuable function of distrib-
uting the various cuts across the market where individual retailers cannot 
generally purchase or sell lamb in carcass proportions. In addition, the low 
volume of sales requires the ability to purchase cuts in small lots or boxed 
cuts wrapped in smaller units, allowing the total purchase to be sequenced 
through the meat case matching the flow of demand. Even large buyers capa-
ble of purchasing directly from packers find it useful to have alternative local 
sources for fill-in orders as demand spikes from time to time. In addition, 
the local services are increasingly important to the small or startup ethnic 
markets where lamb is even more popular than in the general population. 
Breakers, of course, charge for their services and the convenience provided, 
with the consequence that  these costs are added onto the marketing of lamb 
before the product reaches the consumer. Increasingly, however, packers are 
performing much of the initial breaking and boxing of cuts.

Wholesalers of various types are the primary suppliers for retailers and 
foodservice operators too small to run their own centralized purchasing 
operations and distribution centers. Although some specialty wholesalers 
may provide additional value-added processing for meat products generally 
or lamb specifically, such is not usually the case. Most distribute smaller 
quantity lots of the products they buy and function primarily to perform 
the services of pooling the buying power of many small customers, ware-
housing, and transporting pooled truckloads efficiently. In many instances, 
wholesalers also provide a menu of services that might include technology 
support, accounting, facilities planning, and specialized training. These are 
highly diversified operations rarely capable of being classified along prod-
uct lines specifically relevant to lamb and lamb products. Although current 
information is lacking, data from the Williams et al. (1991) study indicate 
that retailers accounted for 84 percent of the sales of nonbreaking wholesal-
ers in 1990 and foodservice operators accounted for 15 percent, with the 
additional 1 percent going to various other wholesalers.
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Lamb Retailing and Foodservice 

Lamb retailers vary widely in type and include large national chain 
food stores, local chain and independent food stores, local butcher shops, 
and foodservice groups such as hotels, restaurants, health care and similar 
institutions, and even the government. Little recent, publicly available data 
on retail lamb sales are available. Most of what is known comes from a 
now‑dated study by Williams et al. (1991). According to that study, on av-
erage, retail food stores accounted for an estimated 36 percent of the lamb 
sales of packers, 84 percent of the sales of wholesalers, and 37 percent of 
the sales of breakers in 1990. On the other hand, the study indicated that 
retailers purchased three-quarters of their lamb directly from packers in 
1990 with the other one-quarter coming from breakers/wholesalers. Un-
fortunately, no data exist to determine the share of total consumer lamb 
purchases accounted for by retailers.

Although government data concerning lamb at the retail level of the 
marketing channel are limited, useful data are available from the National 
Meat Case Study (NMCS), a retail meat case survey taken regularly by the 
Cryovac Division of the Sealed Air Corporation (2007). During the first 
quarter of 2007, detailed meat case data were collected from 121 major 
chain supermarkets in 48 large metropolitan areas across 34 states. A total 
of 123,204 meat packages were included, covering all of the major protein 
groups. The NMCS is carried out on a 2-year cycle, with 2004 and some 
2002 data available for comparison with the most recent 2007 survey 
data. 

Lamb products have increased their share of space in meat cases from 
2002 to 2007, now standing at 2 percent of total linear feet, up from 1 per-
cent in both 2004 and 2002. The average SKU (stock keeping units) count in 
2007 was 4.7 per supermarket. Only veal was less among the major protein 
groups, at 3.2 SKUs on average. For beef, the average was 45.8, with pork 
at 30.9, chicken at 27.3, turkey at 8.9, and ground beef at 13.2.

For lamb, the average kilograms per package continue to decrease 
slightly from 0.82 in 2002 to 0.73 in 2004 to the 2007 average of 0.68. 
Nutritional labeling was provided on 18 percent of the lamb packages. 
Natural claims of all types increased from 22 percent in 2004 to 27 percent 
in 2007 for lamb. Cooking information was provided on 30 percent of all 
lamb packages, down from 36 percent in 2004.

Because of the increasing consumer demand for convenience products, 
the share of boneless product packages has been increasing. According to the 
NMCS, 59 percent of the total packages in meat cases now feature boneless 
products, up from 57 percent in 2004 (excluding ground meat packages). 
Beef had the largest share of boneless at 83 percent of all beef packages, 
followed by pork at 60 percent, veal at 59 percent, turkey at 56 percent, 
and lamb at 13 percent. Although chicken breasts are also shifting to bone-
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less, the large portion of thighs, wings, and whole birds held the total share 
of boneless chicken packages to 42 percent. The lowest boneless share of 
packages continues to be lamb, with the share actually declining from 26 
percent for all lamb in the 2004 sample. 

Products carrying some form of natural or organic labeling have also 
been growing in prominence in meat cases according to the NMCS at 57 
percent of the total, up from 44 percent in 2004 and 34 percent in 2002. In 
2007, some form of natural designation was carried on 88 percent of turkey 
packages, 77 percent of ground beef packages, 74 percent of chicken pack-
ages, 53 percent of pork packages, 18 percent of lamb packages, 10 percent 
of veal packages, and 24 percent of whole-muscle beef packages. Lamb held 
steady from 18 percent in 2004 but increased from 10 percent in 2002.

The NMCS also indicated that from 2002 to 2007, there was a strong 
shift toward case-ready meat packages prepared prior to shipment to the 
stores. In 2007, “case ready” accounted for 64 percent of all meat case 
packages from all protein sources, up from 60 percent in 2004 and only 49 
percent in 2002. By species, case‑ready packaging was highest for turkey at 
97 percent, followed by chicken at 94 percent, ground beef at 67 percent, 
pork at 56 percent, lamb at 60 percent, veal at 51 percent, and whole-muscle 
beef at 27 percent. All species either held steady or increased the case-ready 
share over this period. Lamb increased from a share of 47 percent in 2004 
and 38 percent in 2002.

In general, the increasing penetration of lamb in retail meat cases is good 
news for the lamb industry, especially since the growing custom and ethnic 
specialty markets are not captured in surveys of this type. Meat‑case mer-
chandising is rapidly evolving as consumer tastes and preferences change. 
Over time, opportunities will exist to expand sales through increasing all 
forms of point-of-purchase consumer information and especially through 
on-pack consumer information such as cooking suggestions, recipes, and nu-
trition information. Meat products that cannot be sold before they must be 
discarded are extremely costly to retailers. Therefore, of increasing impor-
tance are case-ready packages allowing a portion of the shipping container 
to be merchandised in the case while holding the rest bagged or frozen. 

Lamb Marketing Arrangements

Packers procure lambs primarily through either cash (spot) market 
contract transactions or various agreements that have come to be referred 
to as alternative marketing arrangements (AMAs) with producers (RTI, 
2007). Cash or spot market transactions refer to auction barn sales; video 
or electronic auction sales; sales through order buyers, dealers, and brokers; 
and direct trades. The AMAs encompass all possible procurement alterna-
tives to the cash or the spot market, including forward contracts, marketing 
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arrangements, procurement or marketing contracts, packer ownership, cus-
tom feeding, and custom slaughter. In 2005, 42.2 percent of slaughter lambs 
were procured by packers through formula pricing arrangements, 39.4 
percent through auction markets, 12.0 percent through negotiated pricing 
agreements, 4.9 percent as packer-owned animals, and 0.8 percent through 
contract production. Imports accounted for the remaining 0.7 percent of 
packer procurement (RTI, 2007). 

According to the RTI study (2007), the marketing arrangements used 
by producers to sell feeder lambs to feedlots and by producers and feedlots 
to sell slaughter lambs to packers have two key dimensions: (1) the owner-
ship method (e.g., sole ownership, shared ownership, or owned by another 
entity) and (2) the pricing method used (Figure 4-3). Different types of 
pricing methods are used with each type of ownership method. Formula 
pricing requires the specification of a formula base price. Carcasses are 
typically priced on a per‑head basis but can be priced on a liveweight or 
carcass weight basis. The use of AMAs is one of the few risk-management 
tools available to operations because no futures market exists for lambs 
(Viator et al., 2007).

In selling lamb products, packers also use cash (spot) markets and 
various AMAs using a variety of pricing methods (Figure 4-4). Packers sell 
directly to buyers through cash markets and individually negotiate prices or 
use sealed bids or other methods to establish prices. Packers also sell their 
lamb products through forward contracting or other marketing arrange-
ments using various formulae to establish prices. Whether selling through 
cash markets, forward contracts, or marketing arrangements of some type, 
pricing often involves various practices such as volume discounts and bun-
dling. Packers also custom slaughter for a fee and transfer lamb products 
within a vertically integrated system using some internal transfer pricing 
method (Viator et al., 2007).

Lamb Market Structure and Pricing

Understanding the pricing and procurement methods used in the lamb 
industry at each level provides insight on how the market functions but of-
fers little in the way of understanding how prices are actually determined 
in the market and who, if anyone, in the system has the ability to influence 
prices. The particular way in which a market is organized determines its 
structure� and heavily influences the competitive conduct of the firms in the 

1The term “market structure” refers to the number, type, and size of firms in an industry. A 
market with one (or only a few) sellers has a monopolistic (or oligopolistic) structure. By the 
same token, a market with one (or only a few) buyers has a monopsonistic (or oligopsonistic) 
structure. A market with many small, homogeneous buyers and sellers is called perfect com-
petition. A market with one or a few large sellers or buyers and many other smaller sellers or 
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FIGURE 4-3  Marketing arrangements for sale or transfer of feeder and fed lambs 
by producers.
  aIndividually negotiated pricing is often benchmarked against reported prices.
  bCustom slaughter may be coordinated by a cooperative that schedules slaughter 
of lambs for its producer-members.
Source: RTI International (2007).

buyers is monopolistic competition on the selling or buying side. A perfectly competitive market 
structure is more likely to foster strong price competition. Firms in such an industry are price 
takers. A concentrated market (only a few large firms) often gives rise to market power and 
the ability of the firm or firms in the market to control prices. In such an industry, competition 
is often based more on nonmarket factors than on market pressures of supply and demand. 
Nevertheless, concentration is a necessary but not always sufficient condition for markets to 
be controlled by one or more firms in the industry.
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FIGURE 4-4  Marketing arrangements for sale or transfer of lamb meat products 
by packers.
  aIndividually negotiated pricing is often benchmarked against reported prices.
  bCustom slaughter may be coordinated by a cooperative for its producer-
members.

industry, which, in turn, dictates how prices in the industry are established 
and behave. The ways in which prices are determined under different types 
of market behavior usually differ widely. If the structure of an industry 
and, therefore, competitive behavior, differ markedly at different levels in 
the industry, prices at each industry level will likely be determined in very 
different ways. Consequently, to gain insight into the particular process (or 
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processes) by which prices are determined in the lamb industry, the struc-
tural characteristics and the associated competitive behavior at each level 
in the lamb industry must be understood.

Producers, the original suppliers of the raw ingredients in the industry, 
either lamb meat or wool, closely resemble perfect competitors in economic 
jargon. Because of the existence of a large number of producers, the actions 
of individual producers typically have negligible market effects. Their col-
lective independent actions constitute the market supply of feeder lambs 
and sheep. Producers sell a relatively homogeneous product (live sheep 
and lambs) and have some knowledge of market opportunities and prices. 
Because there are some differences in lamb and sheep characteristics and 
because they do not have perfect knowledge of all possible market condi-
tions, producers operate within a near perfectly competitive market struc-
ture. Lamb producers are basically price takers without much market power 
to affect the prices at which they sell their sheep and lambs. Consequently, 
producers must accept the price outcomes from the interactions of entities 
in the lamb marketing chain.

A relatively smaller number of commercial feeders purchase lambs from 
producers. Commercial feeders account for a large percentage of the sheep 
and lambs fed. Consequently feeders operate as oligopsonists (relatively few 
buyers) in their actions with producers. As such, commercial feeders have 
some potential market power relative to lamb producers. On the selling side, 
commercial feeders act as oligopolists (relatively few sellers). However, as 
oligopolists, commercial feeders face a relatively smaller number of pack-
ers who act as oligopsonists. Consequently the interaction of commercial 
feeders and packers constitutes a bilateral oligopoly in economic jargon. In 
a bilateral oligopoly, the forces of supply and demand generally are not the 
primary determinants of prices. 

Because there are relatively fewer packers than feeders, most feeders 
have few alternative buyers to whom they might sell their animals if they do 
not like the prices offered by their current buyer (packer). As well, once fed 
lambs reach slaughter weights, feeders must move them to market within a 
relatively short period of time. Commercial feeders subsequently contract to 
supply packers with a minimum number of slaughter lambs. The bargain-
ing process with commercial feeders and packers often is one-sided, with 
the consequence that feeders act to a large extent as price takers in dealing 
with packers. Often, commercial feeders price the lambs they purchase from 
producers according to the prices they receive for slaughter lambs after 
deducting their costs and allowing for a “reasonable” profit.

Packers operate within a market structure similar to that of com-
mercial feeders. They behave as oligopsonists in buying slaughter lambs 
and as oligopolists facing retailers, foodservice purveyors, or breakers in 
selling processed lamb. However, packers are at a distinct disadvantage in 
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bargaining on price with large retailers and large foodservice buyers that 
buy in volume. Packers must operate at as close to full capacity as possible 
to be efficient in their operations and must move their processed lamb soon 
after slaughter and processing or face spoilage losses. Further, retailers 
and foodservice purveyors also may purchase lamb supplies directly from 
breakers. As a consequence, packers typically do not have much latitude in 
bargaining with oligopsonistic retailers. 

Further, lamb is a perishable commodity and a minor item among meat 
products carried by retailers and foodservice agents. Hence, in this bilateral 
oligopoly situation, retailers and foodservice buyers realistically can make 
“take-it-or-leave-it” offers to packers and leave packers holding a great deal 
of inventory if the asking price is not to their liking. Retailers and foodser-
vice buyers handle a myriad of items and generally are more interested in 
competition with rivals than in bargaining with lamb packers. Consequently, 
the price‑determining behavior of retailers and foodservice purveyors occurs 
primarily as a result of interactions among rivals rather than in interactions 
among packers. Stated differently, whether or not a retailer has lamb in the 
meat case and whether or not a foodservice purveyor has lamb on the menu 
is much less of a problem for them than for packers for whom lamb often 
is either the only product or the major product of their business.

Packers are in a more advantageous bargaining position when it comes 
to breakers. Similar to packers, lamb tends to be the only or major product 
handled by breakers. The goodwill of the packer, therefore, is essential to 
the business of the breaker. At the same time, the breaker plays a role in 
carrying inventory for many small wholesalers, retailers, and foodservice 
purveyors. Both the breaker and the packer must move their inventory in a 
relatively short period of time. The level at which price is set between pack-
ers and breakers is indeterminate as in any bilateral oligopoly. But the price 
determination process depends more on the bargaining process than in the 
case of packers and retailers or packers and foodservice buyers. Over the last 
several years, importantly, packers have revolutionized the lamb distribu-
tion system by moving away from selling carcasses to selling boxed lamb. 
Much of the initial breaking and boxing of primals and subprimals now is 
done by the packer, diminishing both the market role and price negotiating 
influence of breakers.

Breakers operate as oligopolists in their interactions with lamb whole-
salers and relatively small retailers and foodservice buyers. Because breakers 
act as oligopolists, competition among breakers is not on the basis of price 
but rather on the basis of service and convenience. Put another way, break-
ers differentiate the products they offer to buyers through the service and 
convenience they add. Also in this way, breakers differentiate themselves 
from packers.

Continuing upstream in the marketing chain, food retailers and food-
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service purveyors operate as monopolistic competitors in various local areas 
facing a large number of consumers. Consumers act as near‑perfect competi-
tors similar to lamb producers. There are large numbers of potential con-
sumers who are the ultimate users of the lamb product that is fed, processed, 
fabricated, and prepared for retail sale. Because they face the monopolistic 
competitive behavior of the food retailing and foodservice industries, the 
important element in price determination is product differentiation. 

The different market structures and the price discovery processes at each 
level of the lamb industry create some difficulty for value preferences to 
migrate from consumers to producers. The oligopoly, oligopsony, bilateral 
oligopoly, and monopolistic competition behavior evident in the interme-
diate stages of the lamb marketing chain means that competition at those 
points is based largely on nonprice factors. Consequently, price signals from 
consumers reach producers only with difficulty. Enhancing the pass-through 
of price and quality signals from consumers to producers would require ei-
ther: (1) the removal of structural obstacles in the marketing system through 
the creation of a more price-competitive environment or (2) the creation of 
more pull (and, thus, more market influence) from the consumer end. 

Progress was made on the first task with the passage of the Livestock 
Mandatory Reporting Act in 1999 by Congress. With implementation be-
ginning in April 2001 and ending in 2005 for lamb prices, the purposes of 
the mandatory price reporting (MPR) legislation were to provide market 
price and quantity information for cattle, hogs, lamb, and meat products 
that (1) could be readily understood by market participants; (2) provide in-
formation on price discovery, quantity, and quality of livestock and livestock 
products procured and sold under alternative marketing arrangements; (3) 
improve USDA price-reporting services; and (4) encourage competition. The 
Mandatory Reporting Act recently has been reauthorized, but implementa-
tion is not likely to occur until late 2007. 

Progress towards the second task (demand creation) is being made since 
the creation of the ALB in July 2002. The Lamb Promotion, Research, and 
Information Order, better known as the American Lamb Checkoff Program, 
was established under the Commodity Promotion, Research, and Informa-
tion Act of 1996, following calls by virtually all segments of the domestic 
sheep and lamb industry for the establishment of a checkoff program to 
enhance demand. The Lamb Checkoff Program is designed to expand 
market share of American lamb by: (1) getting people to ask for American 
lamb year-round; (2) branding American lamb as the preferred choice in 
the marketplace; (3) differentiating American lamb from imported lamb 
through advertising campaigns; (4) minimizing the volatility of seasonal 
product sales through targeted promotions; (5) promoting use of the whole 
lamb, using all cuts; and (6) leveraging and expanding ALB resources via 
cooperative relationships with marketing partners. To the extent that ALB is 
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successful in enhancing the demand for lamb and increasing the number of 
lamb consumers, the volume of lamb moving through the marketing system 
will increase, which, in turn, will provide increased marketing opportuni-
ties and competition at each level in the marketing chain. With larger lamb 
volume flowing through the system, the firm size and share of the market 
needed for efficient operation as well as capital investment requirements 
would be lowered. 

Lamb Marketing Costs and Margins

In a properly functioning market, changes in retail demand for any 
product subsequently lead to changes in the demand for the product at the 
farm level. As a product moves from the farm gate to the consumer plate, 
value is added at various stages. Slaughter, processing, and related activities 
add form value by transforming live sheep and lambs into the final retail 
cuts purchased by consumers. Inventory holding by packers, breakers, and 
wholesalers adds time value to lamb by storing when supplies are more 
available and distributing the product when needed. Transportation adds 
place value to lamb by moving it from the farm through the system to its 
final destination. Transportation between each level of the industry, from 
farm to slaughter to breaking/further processing to wholesaling and to re-
tailing, adds additional costs to lamb. Finally, convenience and service value 
(e.g., trimming fat of heavier lamb carcasses or providing case-ready lamb 
cuts) is added to lamb breakers, wholesalers, retailers, and others who are 
geographically located near buyers. 

The addition of all these values involves costs that force a wedge be-
tween the price per kilogram of lamb at retail and the price per kilogram 
received by producers. Increases in these costs as value is added at each level 
of the marketing chain tends to push farm prices down and retail prices up, 
as well as to reduce the farmer share of the retail dollar. The difference in 
price at retail and the price at the producer level in terms of retail value 
equivalent is called the price spread or the marketing margin. The calculated 
margins generally include all the costs incurred and profits realized by all 
firms involved in the movement of lamb from producers to consumers. An 
analysis of the marketing margin between prices at each level in the industry 
is critical to a complete understanding of the process of price determination 
in any industry. 

Operating costs of intermediaries of the marketing chain involve labor, 
packaging, refrigeration, transportation, advertising, and other expendi-
tures. In the food and fiber sector, increases in these operating costs of mar-
keting intermediaries over time tend to exert downward pressure on farm 
prices. Given the aforementioned market structure of the lamb industry, 
packers, breakers, retailers, and foodservice purveyors typically pass the 
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impact of increased costs back down to the producer in the form of lower 
live animal prices. The extent to which the costs can be passed from one 
level to the next in the industry depends on the market structure at each 
level in the industry as discussed in the previous section. 

Lamb producers eventually must sell lambs where the short-run direc-
tion in prices is determined at higher levels of the marketing chain. There is 
virtually no opportunity for producers to influence price levels to any extent, 
and importantly, there are no assurances as to the security of margins above 
costs. In the lamb processing, wholesaling, retailing, and foodservice sectors, 
the market structure is different. Firms often possess some market power to 
influence price or other terms of trade. Consequently, in these sectors of the 
lamb industry, firms are better able to pass on increasing costs up or down 
the marketing chain and to secure margins above costs. The market power 
exerted in these sectors allows firms to set prices as follows: (1) cost-plus 
pricing or average-cost pricing, calling for the addition of some base cost 
as a margin to ensure profitability; (2) flexible markup pricing, calling for 
the markup to vary on the basis of demand considerations; and (3) price 
leadership, in which firms in the industry set their prices in relation to the 
price of a dominant firm. The dominant firm sets its price using either cost-
plus pricing or flexible markup pricing.

Empirically, Capps et al. (1995) analyzed the behavior of price margins 
at three levels in the lamb industry: (1) slaughter to retail, (2) slaughter to 
wholesale, and (3) wholesale to retail. Until this study, little previous work 
had been done with respect to lamb margins. Problems with data availability 
are often cited as the explanation for the lack of effort in the analysis of 
lamb marketing margins. The econometric model developed by Capps et al. 
(1995) allowed for an analysis of the transmission of price between various 
marketing levels in the lamb industry. As well, their analysis helped identify 
and measure the impacts of several key determinants of price margins in the 
lamb industry, including supply and demand conditions (as represented by 
movements in price and output), marketing costs, seasonality, and packer 
concentration. They estimated the elasticities of price transmission (EPT) 
from slaughter-to-wholesale, from wholesale-to-retail, and from slaughter-
to-retail in the lamb industry to be 0.87, 0.65, and 0.57, respectively. The 
EPT indicates the responsiveness of the price at one level in the industry to 
changes in the price at a lower level in the industry. The EPT is calculated 
as the ratio of the relative change in price at one level to the relative change 
in price at the lower level. An EPT value of 1 suggests an equal response 
transmission from the lower level to the higher level of the marketing chain. 
This type of response is consistent with perfect competition. An EPT value 
of zero suggests no transmission of price signals from the lower level to the 
higher level in the industry. This type of response is symptomatic of imper-
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fect competition. In this case, price competition is avoided and nonprice 
competition is the main strategy.

The Capps et al. (1995) results indicated that price changes at the 
producer/feeder level are almost fully transmitted to the wholesale level, 
representative of a perfect competition situation. On the other hand, their 
results indicated that price changes are not well transmitted between the 
wholesale and retail levels. The potential causes for this breakdown in price 
transmission include (1) the low level of lamb handled by most retailers, 
(2) the lack of importance retailers attach to marketing lamb, and (3) the 
viability of non-price competition as a competitive strategy for retailers. 
The study also demonstrated that changes in packer concentration have 
relatively little effect on changes in price spreads or margins. Given that 
data across the 1978 to 1990 time period were used in the study and that 
notable structural changes in the lamb industry have occurred since 1990, 
this study needs to be done again with updated data to get a more current 
measure of price margin behavior in the lamb industry.

The impacts of market concentration on prices and margins also war-
rant continued investigation. Menkhaus et al. (1989) investigated the im-
pact of market concentration on slaughter lamb prices. Brester and Musick 
(1995) considered the effect of market concentration on lamb marketing 
margins. Even though results from the literature provide limited evidence 
to indicate that concentration exerts a negative effect on slaughter prices, 
updates are needed to explore this issue more fully. The number of firms in 
a national market may not represent well the number of firms in a given re-
gional market. In most regions, a handful of packers, at the most, represent 
the whole range of marketing opportunities for lamb producers and feeders. 
Consequently, research regarding the impacts of packer concentration on 
the lamb industry needs to account for the regional concentration trends 
of lamb packing.

NATIONAL LAMB DEMAND

The level of demand for lamb and the changes in that level over time are 
key determinants of the long-run economic viability of the lamb industry. 
Demand considerations assist in determining the long-range price outlook 
and provide the foundation for long-range investment decisions. In the 
livestock and poultry sectors, the demand for a product at the producer 
level is a derived demand, meaning that the demand for the live animals 
at the farm level is derived from the consumer demand for meat and other 
livestock products at the retail level. Changes in demand for meat and other 
livestock products at the consumer level are transmitted down the marketing 
channel to the producer.

Understanding and promoting demand is necessary to the expansion 
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of any industry. By definition, demand is a schedule of the quantities that 
consumers are willing to buy at various prices at a given point in time in a 
particular market. The focus here is on lamb demand by consumers over 
the entire U.S. market. Analyses of national lamb demand typically attempt 
to quantify how sensitive consumers are to lamb prices as consumption 
moves from one point to another along the demand curve and to determine 
not only if shifts have occurred in lamb demand, but also why such shifts 
have occurred. The results are the bases of appropriate recommendations 
to improve the profitability of all segments of the lamb industry. Raising 
the demand for lamb is a key to the growth and expansion of the industry. 
Increasing demand translates into consumers purchasing more lamb at 
constant or higher prices, which, in turn, improves the economic viability 
of the entire sheep and lamb industry.

The problem facing the lamb industry, and the feature that makes the 
lamb industry unique among U.S. livestock industries, is the unparalleled 
decline in lamb production and consumption since the mid-1940s. On a 
retail equivalent basis, per capita lamb consumption grew from a low of 
about 1.8 kg in 1917 at the beginning of World War I to 3.0 kg in 1945 at 
the end of World War II (Figure 4-5). In the years immediately following 
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FIGURE 4-5 U.S. annual per capita consumption of lamb, 1909–2005.a
  aRetail equivalent basis. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2007e).
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World War II, however, per capita lamb consumption dropped by more than 
half to only 1.4 kg in 1951. Following a slight recovery over the next decade 
to 2.0 kg in 1962, U.S. per capita lamb consumption began a slow, steady 
decline to 0.68 kg in the early 1980s, 0.59 kg in the early 1990s, and about 
0.50 kg in most years since 1996.

Until recently, imports were not an important part of the U.S. lamb 
industry, except during the 1960s and early 1970s when a rapid liquidation 
in the sheep industry reduced lamb production faster than demand, opening 
the door for imports to fill the gap (Figure 4-6). The surge in imports dur-
ing that period dissipated when the rate of decline in consumption caught 
up to that of production in the mid-1970s. In the early 1980s, however, the 
rapid decline in lamb consumption halted. Since then, the annual volume 
of lamb consumed has stabilized at 159 to 181 million kilograms. As a 
consequence, domestic production also stabilized at about the same level 
until the mid-1990s, when production once again began a rapid 50 percent 
decline between 1990 and 2005. Despite the decline in domestic production, 
however, consumption has remained steady, which, once again, has opened 
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FIGURE 4-6  U.S. lamb production, consumption, and imports, 1909–2005.a
  aCarcass equivalent basis. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2007e).
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a window for growing imports. Between 1990 and 2005, imports of lamb 
grew from 18.6 million kilograms, about 10 percent of domestic lamb sup-
ply, to 81.6 million kilograms, nearly equal to domestic production and half 
the total domestic supply.

The traditional argument that American tastes and preferences have 
moved away from lamb may no longer be applicable, given the steady level 
of consumption in recent years despite declining production. More appro-
priate now may be the argument that lamb is consumed fairly consistently 
by a small group of consumers and not at all by most consumers. Indeed, 
recent research shows that only 20 percent of consumers can be considered 
“lamb consumers,” defined as those who have prepared lamb at home 
within the past 12 months or those who eat lamb but do not prepare it in 
their homes (Gross, 2007). Additionally, 35 percent of consumers have never 
eaten lamb, only 13 percent have prepared lamb at home during the past 
three months, and 16 percent no longer eat lamb.

There is some evidence that lamb demand is actually increasing. Shiflett 
et al. (2007) concluded that lamb demand increased by 5.7 percent during 
the last 10 years after having declined for many years. Much of the increased 
demand has been met by increased imports. The western range sheep indus-
try produces lambs primarily for the traditional market where the lambs are 
weaned and then fed to nearly 63.5 kg. These lambs compete with imported 
lamb based primarily on price. The result has been that sheep numbers in the 
western states have continued to decline. Total sheep numbers in the United 
States have stabilized somewhat during the past four years, with growth 
in numbers occurring in the Northeast and upper Midwest. Much of the 
growth that is occurring appears to be driven by the demand for halal lambs 
(see Chapter 7 for more detail). Halal lambs are purchased by individuals 
for immediate slaughter and typically are smaller (about 27 kg) than tradi-
tional slaughter lambs. This observation suggests that the light-weight lamb 
market is really two markets—one where lambs are fed to heavier weight 
for slaughter with the meat going primarily into traditional lamb markets 
(i.e., retail stores and hotels, restaurants, and institutions [HRI]) and one 
where lighter lambs go directly to slaughter without further feeding and 
the meat either consumed for private use or sold through small specialty 
stores in large urban areas. This development is important because imported 
lamb appears to be continuing to gain market share from domestic lamb in 
traditional marketing channels, but domestic lamb is increasing in sales in 
specialty markets.

The decrease in domestic sheep numbers and increase in lamb imports 
have resulted in significant shifts in market structure in the sheep indus-
try in the United States since 1990. Livestock feeding and processing are 
dominated by economies of size; that is, average per‑unit production costs 
typically decline rapidly with volume. Consequently, most innovation in the 
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sheep feeding and processing industries has been geared to reducing costs 
by maintaining volumes in fewer and fewer operations. Thus, declining 
domestic inventories have placed significant pressure on firms to consoli-
date or exit the sheep feeding and processing industries in order to remain 
competitive.

Lamb Demand Research

Despite its importance in potentially fostering growth and profitability 
in the sheep and lamb industry, research focused on understanding the 
economic determinants of U.S. lamb demand has been limited. Shiflett et 
al. (2007) provide a summary of prior lamb demand studies, including 
Purcell (1989), Byrne et al. (1993), Schroeder et al. (2001), and Capps and 
Williams (2005). The principal focus of these past investigations has been 
on economic and other factors affecting lamb demand. The respective de-
mand functions are modeled using regression analysis and historical data 
to examine potential drivers of demand with an emphasis on measuring 
the elasticities of demand with respect to those demand drivers, including 
primarily the own-price, cross-price, and income elasticities. The factors 
most often found to be statistically significant in explaining changes in per 
capita lamb demand over the years include the real retail price of lamb, the 
real retail prices of beef and pork, and seasonality. Most studies have con-
cluded that income has not been a statistically significant driver of changes 
on lamb demand.

The own-price elasticity measures the percentage change in consump-
tion of a particular product due to a 1 percent change in its own price, all 
other factors invariant. Theory suggests that the own-price elasticity is al-
ways negative, indicating an inverse relationship between the retail level of 
consumption of a product and its market price. The greater the magnitude 
of the own-price elasticity (in absolute value), the greater the sensitivity 
of consumers to changes in the price. An elasticity measure greater than 1 
in absolute value is considered “elastic,” meaning that a given percentage 
change in price results in a larger percentage change in quantity demanded. 
In this case, demand is considered to be highly responsive to price changes. 
Also, if the demand for any product is elastic, then a price discount (in-
crease) generates not only a larger percentage increase (decrease) in the 
quantity consumed but also an increase (decrease) in total revenue to the 
seller. On the other hand, an elasticity measure less than 1 in absolute 
value is considered “inelastic,” meaning that a given percentage change in 
price results in a smaller percentage change in demand. Thus, demand is 
relatively unresponsive to price changes. For a product whose demand is 
inelastic, a price discount (increase) leads to not only a smaller percentage 
decrease (increase) in consumption, but also a decrease (increase) in total 
seller revenue.
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Cross-price elasticities of demand refer to the percentage change in the 
consumption of one good due to a 1 percent change in the price of another 
good. If this measure is positive, then the two goods are considered substi-
tutes. On the other hand, if this measure is negative, then the two goods are 
considered complements. If the cross-price elasticity is zero or not statisti-
cally different from zero, then the respective demands for the two goods are 
considered independent of each other. While a change in own-price moves 
consumption along the demand curve, a change in the price of a substitute 
or complement, the so-called cross-price effect, actually shifts the demand 
curve, all other factors invariant.

Income elasticity refers to the sensitivity of consumer purchases with 
respect to changes in income. With changes in income, the demand curve 
shifts as well, holding all other factors constant. The income elasticity of 
demand, by definition, is the percentage change in quantity demanded at-
tributed to a 1 percent change in income, all other factors invariant.

The estimated own-price elasticities of per capita lamb demand across 
most studies have been close, ranging from –0.5 to –0.8 despite the time 
period analyzed (Table 4-7). In other words, research provides evidence that 
there is an inverse relationship between retail lamb price and the quantity of 
lamb purchased and that the relationship is inelastic, implying that lamb de-
mand is not highly responsive to price changes. Those studies that included 
more recent data, especially data after 1999, indicated a higher degree of 
elasticity (more sensitivity to price) than those studies using earlier data. 
This finding suggests that lamb consumers may have become somewhat 
more sensitive to changes in price over time in terms of their willingness to 
buy or not buy lamb based on its price.

Most studies have found a statistically significant substitute relationship 
between lamb and beef, as well as between lamb and pork (Table 4-7). The 
estimated cross-price elasticities of lamb demand with respect to beef and 
pork price across most studies are also close, ranging from 0.5 to 0.6 for 
beef and from 0.1 to 0.4 for pork. At the same time, all but one study (RTI, 
2007) concluded that lamb and chicken are independent commodities in 
consumption. Those studies using the most current data show greater sub-
stitutability between lamb and the other meats, although the relationships 
are not consistent across studies.

Indeed, a case can be made that goat meat could serve as a substitute for 
lamb meat, especially in the growing ethnic/religious segment of the market. 
But little information exists on goat meat consumption and goat prices to 
allow a formal determination of this supposition. At present, no research is 
available on cross-price elasticities between lamb and goat meats.

Also, all but one study (Shiflett et al., 2007) concluded that income 
is not a statistically significant driver of lamb consumption. Shiflett et al. 
(2007) initially found that income is statistically insignificant in explaining 
changes in per capita lamb demand. But they then added a trend variable 
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to their model and found a positive and statistically significant relationship 
between per capita lamb demand and income. This result may be spurious 
due to collinearity of the income and trend variables used in their analysis. 
The lack of broad evidence of a statistically significant relationship between 
income and lamb purchases may be the result of either the relatively small 
amount of lamb purchased or the fact that most lamb is purchased for spe-
cial occasions that traditionally feature lamb.

Seasonality is another variable that all studies using at least quarterly 
data have found to be a statistically significant determinant of per capita 
lamb demand. Lamb consumption typically is highest in the first and fourth 
quarter of the year (e.g., see Byrne et al., 1993; Shiflett et al., 2007). Chapter 
7 includes additional discussion about the effect of religious holidays on 
lamb demand. 

Lamb Advertising and Promotion

In 1996, the Lamb Promotion, Research, and Information Order, better 
known as the American Lamb Checkoff Program, was established under the 
Commodity Promotion, Research, and Information Act of 1996, following 
calls by virtually all segments of the domestic sheep and lamb industry for 
the establishment of a checkoff program to enhance U.S. lamb demand. The 
13-member ALB that administers the lamb checkoff program includes six 
producers, three packers or first handlers, three feeders, and one seedstock 
producer, all appointed by the U.S. Secretary of Agriculture. The board 
meets at least three times per year to establish goals and budgets for new 
lamb promotion programs and to evaluate the success of past promotional 

TABLE 4-7  Estimated Elasticities of U.S. Per Capita Lamb Demanda

Study
Time Period  
of Analysis

Own 
Price

Cross-Price Per 
Capita 
Income

Import 
Lamb Beef Pork Chicken

RTI (2007) 1970–2003 –0.523 0.293 ns ns 0.35 ns
Shiflett et al. (2007) 1980–2005 –0.665 — 0.486 0.179 ns 0.684
Capps and Williams 

(2007)
1978–2006 –0.700 — 0.562 0.394 ns ns

Schroeder et al. (2001) 1978–1999 –1.09 — 0.57 ns ns –0.54
Byrne et al. (1993) 1978–1990 –0.62 — ns 0.131 ns ns
Purcell (1989) 1970–1987 –0.51 — ns ns ns ns

  aDependent variable in all cases is per capita lamb consumption except for RTI study, which 
uses per capita consumption of only domestic lamb (excluding imported lamb).
Note: ns = not statistically significant and — = not considered in the analysis.
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efforts. Board policies are implemented by a three-member staff in Denver, 
Colorado.

Under the order, lamb promotion programs are funded by an assessment 
on the sale of all feeder and market lambs and all breeding stock and cull 
animals. In general, the purchaser collects the assessment with a deduction 
from the sales proceeds of the seller. The funds are then carried forward to 
the point of slaughter or export, at which time the checkoff is collected and 
sent to the board. Those whose sales are subject to the assessment include 
producers, seedstock producers, exporters, feeders, direct marketers, ethnic 
slaughter operations, custom slaughter clients, and slaughter/packing plants 
(ALB, 2007). Imported sheep and lambs are assessed on weight gained in 
the United States. This assessment is collected from the domestic producer, 
seedstock producer, or first handler who takes possession of the imported 
animals. If sheep or lambs are imported into the United States for immediate 
slaughter, there is no weight assessment at the time of slaughter.

The assessment is $0.011/kg ($0.005/lb) of live lambs (ovine animals 
of any age) sold by producers, seedstock producers, exporters, and feed-
ers. For lambs purchased for slaughter by first handlers, the assessment is 
$0.30/head. A first handler is defined as an entity that takes possession of the 
lambs for slaughter (including custom or ethnic slaughter) or sale directly to 
the consumer. First handlers are primarily packing plants but also include 
some producers, feeders, and direct marketers. 

Marketing agencies (sale barns) are not assessed a checkoff fee but must 
collect assessments from the sellers and pass them on to the purchasers. Di-
rect marketers, those who are both producers and first handlers, and those 
who process and market lamb or lamb products are assessed $0.011/kg 
($0.005/lb) on the live weight at the time of slaughter and must pay an ad-
ditional assessment of $0.30 per head. Each producer, feeder, or seedstock 
producer is obligated to pay its share of the assessment. The assessment is 
passed on to subsequent purchasers until it reaches the first handler or ex-
porter, who then remits the total assessment. A person who is both producer 
and first handler is responsible for the remittance. 

Initiated on July 1, 2002, the collection of assessments provides the 
board an annual operating budget of approximately $2 million. Adminis-
trative costs are limited to a maximum of 10 percent of collections in any 
fiscal year so that most of the funds are used for promotional purposes. The 
USDA has oversight responsibilities on the administration of the program. 
All activities funded with checkoff dollars must comply with the act and the 
order and must be approved by USDA. 

Before the lamb checkoff program was approved as a mandatory 
program, the American Lamb Council of the ASI operated a lamb pro-
motion program using funds made available under the Wool Incentive 
Program. When the Wool Incentive Program, and thus, expenditures for 
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the promotion of lamb, were phased out in 1996–1997, an unsuccessful 
effort was made that year to pass a mandatory checkoff program through 
a producer referendum. The only funds made available for lamb promo-
tion after the phaseout of the Wool Incentive Program in 1995–1996 and 
the establishment of the current lamb checkoff program in 2002–2003 was 
through a special grant resulting from a complaint based on Section 201 of 
the Trade Act of 1974. In 1999–2000, domestic petitioners alleged injury to 
the U.S. lamb industry from imports. The U.S. International Trade Commis-
sion ruled in favor of the domestic complainants. As a result, a lamb import 
tariff and a one-time assistance package for the domestic lamb industry 
were established to remedy the injury and facilitate industry adjustments 
to import competition. Through this program, $4.8 million in Section 201 
relief grants for 23 lamb marketing and promotion projects were funded 
between 2000–2001 and 2002–2003.

American Lamb Board expenditures began in 2002–2003 and amount-
ed to only $96,035 in real terms (adjusted for inflation) that year. Those 
expenditures rose to $2,433,196 in 2003–2004, dropped to $1,518,235 
in 2004–2005, dropped again to $1,215,190 in 2005–2006, and dropped 
once more to $1,064,682 in 2006–2007. Prior to the establishment of the 
ALB, inflation-adjusted annual expenditures on lamb promotion by the 
ASI, ranged from zero to $4.2 million. Compared to the value of lamb pur-
chases by consumers each year, the amount of funds that the lamb checkoff 
program collects for the promotion of lamb is extremely small. The lamb 
advertising-to-sales ratio (often referred to as the investment intensity ratio) 
over the 1978–1979 to 2005–2006 period ranged from a minimum of zero 
in 1999–2000 and 2000–2001 to a high of 0.23 percent in 1992–1993 and 
averaged 0.14 percent over the entire period. In other words, the amount 
of checkoff funds spent to promote lamb consumption in any given year on 
average has been no more than about one‑quarter of 1 percent of the value 
of lamb sales.

To date, there has been little study of the responsiveness of lamb de-
mand to the advertising and promotion activities that have occurred over the 
years. Capps and Williams (2007) developed an econometric model of lamb 
demand in which the effects of current and past lamb advertising and pro-
motion efforts on U.S. lamb consumption at the retail level of the marketing 
channel were included using data for the 1978–1979 to the 2006–2007 time 
period. The analysis controls for the effects of the primary economic factors 
other than the lamb checkoff program that drive lamb demand, including (1) 
the retail price of lamb; (2) the retail prices of beef, pork, and chicken (3) 
personal disposable income; (4) population; and (5) inflation. In this way, 
the analysis isolates the specific impacts of advertising and promotion on 
lamb demand and allows a measurement of the change in lamb consumption 
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(and lamb sales at fixed prices) attributable to advertising and promotion 
dollar expenditures, holding all other factors constant.

Capps and Williams (2005) incorporated the influence of the ALB 
checkoff program into their lamb demand model as a three-period moving 
average (current period and two lags) of inflation-adjusted ALB advertising 
and promotion expenditures. Using this model, they found that the ALB 
program had a positive but not highly significant effect on lamb demand. 
They reported an advertising elasticity of 0.022 between 1978–1979 and 
2001–2002 (the pre-ALB period) and 0.031 between 2002–2003 and 
2004–2005 (the ALB period). Though small, these advertising elasticities 
are consistent with those found by many other researchers across a wide 
variety of agricultural commodity checkoff programs (see Williams and 
Nichols, 1998).

In a more recent analysis of lamb demand, Capps and Williams (2007) 
modified their earlier model by using a polynomial distributed lag (PDL) 
process to capture the advertising carryover effects, as is commonly done 
in analyses of commodity checkoff programs (see, e.g., Kaiser et al., 2005). 
In addition, a square root transformation of the advertising and promotion 
variable was employed in the demand model to allow for both diminish-
ing marginal returns and zero expenditures in advertising expenditures at 
certain time periods The results suggest that the ALB checkoff program has 
had a statistically significant effect on per capita lamb consumption. Their 
updated model explains roughly 84 percent of the variability in per capita 
lamb consumption over the 1978–1979 to 2006–2007 period of analysis. 
Besides the ALB advertising and promotion program, other statistically 
significant economic drivers of U.S. lamb consumption were found to be 
the price of lamb, and the prices of beef and pork. Again, neither income 
nor the price of chicken was found to have any statistically significant effect 
on lamb consumption. The advertising elasticity in the more recent Capps 
and Williams lamb demand model was estimated to be 0.0394, which is 
consistent with those estimated for other checkoff commodities. Using the 
same model with data for only the 1978–1979 through 2001–2002 period 
prior to the existence of the ALB, the advertising and promotion elasticity 
was estimated to be 0.0386, implying that the ALB promotion activities 
have been slightly more effective compared to past efforts at increasing U.S. 
lamb demand. The study concludes that the ALB advertising and promotion 
program generated roughly 3.43 additional kilograms of lamb purchased 
or $41.59 in additional lamb sales per dollar spent on advertising and pro-
motion. This relatively high benefit-cost ratio implies that the ALB lamb 
promotion efforts are underfunded, a conclusion that is consistent with the 
experience of other commodity checkoff organizations.
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Demographic Factors Affecting Lamb Demand

Williams et al. (1991) provided the first published analysis of the de-
mographics of lamb consumers. The study used the 1987–1988 Nationwide 
Food Consumption Survey (NFCS) to analyze the average weekly per person 
expenditures on beef, pork, poultry, fish and seafood, and lamb in 1987 
and 1988 by geographic location, season of the year, income quartile, race, 
age, and urbanization. The report concluded that the primary demographic 
drivers of lamb consumption included region, race, age, and income. The 
report concluded that the average lamb consumer lives in the Northeast or 
on the West Coast, comes from an ethnic background (nonwhite, nonblack, 
non-Hispanic), is over the age of 55, and is in the middle‑ to upper‑income 
group, purchasing chops and legs most often.

The only other analysis of the demographic characteristics of U.S. lamb 
consumers (Williams and Capps, 2005) was based on data collected by A.C. 
Nielsen through its HomeScanTM Consumer Panel, a multioutlet panel that 
captures all consumer packaged‑goods purchase information, as well as 
non-UPC‑coded random weight perishable products like meat, on a daily 
basis for 7,000 to 8,000 households. Using state-of-the-art, in-home bar 
code scanners, participating households record daily transactions made at 
retail grocery stores, mass merchandiser outlets such as warehouse clubs, 
convenience stores, drug stores, computer stores, and by mail order or 
over the Internet. Purchasing households are selected for the HomeScanTM 
Consumer Panel to be representative of all consumers over a wide range of 
demographic groupings.

Because the HomeScanTM Panel is demographically balanced to rep-
resent the household population of the mainland United States, the panel 
data can be considered to be representative of nationwide patterns of food 
consumption. Because the demographic information of the purchasing 
households is recorded along with their purchases, the purchase information 
can be stratified (sliced up) and viewed by the demographic characteristics of 
consumers. Data on purchases of lamb for away-from-home food consump-
tion at restaurants or elsewhere are not collected through the HomeScanTM 
Panels.

In their report, Williams and Capps (2005) summarized the HomeScanTM 
data for lamb purchases stratified by several demographic characteristics of 
the purchasing households, including (1) household size (number in the 
household), (2) household income, (3) age of the person primarily respon-
sible for food preparation and meal planning, (4) employment status of the 
person primarily responsible for food preparation and meal planning, (5) 
education level of the person primarily responsible for food preparation 
and meal planning, (6) race, and (7) region where the household is located. 
The salient conclusions flowing from their analysis for the six years of 1998 
through 2003 are the following:
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Lamb Market Penetration

•	 An average of about 9.7 percent of all households purchased lamb 
each year over the period;

•	 Market penetration jumped from an average of 9.2 percent in the 
3 years prior to the implementation of the lamb checkoff program to an 
average of about 10.5 percent in the two years of the dataset when the ALB 
began promoting lamb demand with checkoff dollars;

•	 Market penetration is highest among households with the follow-
ing characteristics: (1) smaller household size, (2) higher income levels, (3) 
more mature (older) food preparers, (4) more educated food preparers, (5) 
unemployed (outside the home) food preparers, (6) household race classified 
as “black”, and (7) located in the East region of the United States.

Household Lamb Purchases

•	 Lamb purchases per household tend to be higher for households with 
the following characteristics: (1) smaller household size, (2) more mature 
(older) food preparers, (3) unemployed (outside the home) food preparer, 
(4) food preparer with some college education or a high school education, 
(5) household race classified as “black”, and (7) located in the East or West 
regions. 

•	 Household income level is not strictly correlated with the quantity 
of lamb purchased per household. 

Prices Paid by Households Purchasing Lamb

•	 The price per kilogram paid for lamb tends to higher among house-
holds with the following characteristics: (1) large household size, (2) higher 
income, (3) lower education level, (4) age of the food preparer between 25 
and 65, (5) full-time employed food preparer, (6) household race classified 
as “white”, and (7) located in the South or West regions.

Lamb Demand Index

One potential way to attempt to determine if the demand for a particu-
lar commodity like lamb is changing over time is to compute what is known 
as a demand index. Popularized by Purcell (1998), the demand index is a 
function of retail prices, per capita consumption of lamb, and the own-price 
elasticity of demand. While beef and pork demand indices have been calcu-
lated and available for some time (see, e.g., Kansas State University, 2007), 
Shiflett et al. (2007) provided the first effort to calculate a demand index 
for lamb. A demand index is calculated by first choosing an arbitrary base 
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year and then calculating the percentage change in per capita consumption 
from the base period to the current period using the real retail price of lamb 
and a measure of the own-price elasticity for lamb. Then, using the assumed 
own-price elasticity and the calculated percentage change in per capita 
consumption, the corresponding percentage change in price is calculated. 
This percentage change in price then is used to calculate the change in price 
from the base period that would have occurred if the demand curve did 
not change between the base period and the period of interest. This price is 
called the demand constant price (DCP). Finally, the observed price for the 
period of interest is compared to the DCP. If the observed price is greater 
than the DCP, then demand is concluded to have increased by the percentage 
difference in the prices between the base period and the period of interest. 
If the observed price is less than the DCP, then demand is assumed to have 
decreased. The demand index for the period of interest, therefore, is taken 
to be the observed price in the period divided by the DCP.

The lamb demand index with a 1980 base year as calculated by Shiflett 
et al. (2007) for 1980 through 2005 under alternative lamb demand own-
price elasticities is presented in Table 4-8. Although the lamb demand index 
is not invariant with respect to the own-price elasticity assumed, the dif-
ferences in the calculated indices for the different assumed elasticities are 
not large. As calculated by Shiflett et al. (2007), the lamb demand indices 
indicate that lamb demand trended downward by almost 40 percentage 
points between 1980 and 1996 and then stabilized before recovering about 
6–7 percentage points through 2005.

Although the common understanding is that lamb demand has dropped 
precipitously over the years, a comparison of the lamb demand index from 
Shiflett et al. (2007) and the beef demand index published by Mintert (2007) 
using the same 1980 base year actually shows that beef demand has dropped 
even more precipitously than lamb demand, nearly 50 percentage points, 
between 1980 and 1998 (Figure 4-7). Even though the Mintert beef demand 
index indicates that beef demand has since recovered by some 10–14 per-
centage points, beef demand is still lower compared to the 1980 base period 
level than is the case for lamb. 

Several structural changes in the early 1990s likely gave lamb demand 
a boost. First, the lamb processing industry updated its technology and 
improved its product offerings, as discussed earlier. Technology enhance-
ments included spray washing of carcasses and gas-flush packaging, which 
has resulted in longer shelf life and improved meat color. At the same time, 
the United States, as well as Australia and New Zealand, began producing 
more consumer-ready, fresh products to fit better into modern consumer 
diets and schedules. Also, the sharp contraction of the U.S. sheep industry 
in the mid-1990s due to the repeal of the National Wool Act in November 
1993 had bottomed out by the early part of the current decade, allowing 
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TABLE 4-8  Lamb Demand Index with Alternative Elasticities,  
1980 = 100 (Base)

Assumed Own-Price Elasticity

Years –0.66 –0.56 –0.76

1980 100.0 100.0 100.0
1981 96.5 97.3 95.9
1982 95.7 98.1 94.0
1983 90.3 92.5 88.7
1984 90.8 93.7 88.8
1985 82.6 83.9 81.6
1986 78.8 79.3 78.4
1987 75.6 75.1 75.9
1988 82.5 83.2 81.9
1989 80.3 80.8 79.9
1990 81.9 82.8 81.3
1991 78.8 79.2 78.4 
1992 73.5 73.2 73.8
1993 71.5 70.6 72.1
1994 62.9 60.9 64.4
1995 62.9 60.8 64.5
1996 61.8 59.4 63.7
1997 61.8 59.3 63.8
1998 66.5 64.4 68.1
1999 62.7 60.6 64.4
2000 62.0 59.7 63.8
2001 63.6 61.4 65.3
2002 69.8 67.7 71.5
2003 68.7 66.2 70.6
2004 68.9 66.4 70.8
2005 65.8 63.0 68.1

Source: Shiflett et al. (2007). Copyright 2007 by American Lamb Board. Used with 
permission.

greater availability of lamb for consumption and lessened upward pressure 
on retail price. Finally, as mentioned earlier, the ALB began promoting lamb 
consumption in mid-2002.

The various demand indices do not describe why lamb demand is chang-
ing; they are merely measurement tools. Also, the demand index is often 
calculated using a single estimate of the own-price elasticity for a given time 
period. Estimates of own-price elasticities, however, can range rather widely 
and can be quite different for different time periods. No research has been 
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FIGURE 4-7  Comparing beef and lamb demand indices, 1980–2006.
Sources: Lamb Demand Index, Shiflett et al. �����������������������������������    (2007); Beef Demand Index, Mintert 
(2007). Copyright 2007 by American Lamb Board and AgManager.Info (Dr. James 
Mintert, Department of Agricultural Economics, Kansas State University). Used with 
permission.

done to investigate the sensitivity of the various meat demand indices to 
changes in the own-price elasticity measures used.

LAMB AND MUTTON TRADE

International trade issues have and continue to be a fundamental com-
ponent of the overall health of the U.S. sheep industry. The competitiveness 
of the U.S. sheep industry in a global market is important because relatively 
few trade restrictions are associated with sheep products imported into the 
United States. Also, at least on a global scale, the United States is also not 
a major sheep‑producing country and is not among the top 25 countries in 
terms of sheep numbers. In particular, the comparative advantage in pro-
duction affords Australian and New Zealand lamb producers a competitive 
advantage over domestic producers. As a consequence, foreign competitors 
from Australia and New Zealand pose significant risks to the U.S. sheep and 
lamb industry. Despite the decline in U.S. lamb production since the 1940s, 
however, only recently have imports become a notable force in the industry. 
In the 1960s and early 1970s, imports grew to 20 percent to 30 percent of 
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the level of domestic production. During this period, the decline in domestic 
production outpaced the decline in consumption (see Figure 4-6). The rate 
of decline in domestic consumption eventually caught up to that of produc-
tion, however, so that imports again disappeared. The elimination of the 
Wool Act in the mid-1990s precipitated another sharp decline in U.S. sheep 
inventories and lamb production that has not yet abated. Consumption, 
however, has not followed suit, leading to growing imports. Between 1990 
and 2005, imports increased from roughly 18 million kilograms in 1990 on 
a carcass weight basis to approximately 81.6 million kilograms (see Figure 
4-6). By 2005, lamb imports were almost equal to domestic production, 
making up half of the total domestic consumption of lamb. 

Over the period from January 2005 to January 2007, lamb imports var-
ied from roughly 2.7 million kilograms per month to 8.2 million kilograms 
per month (Figure 4-8). Australia and New Zealand supply the majority of 
lamb imported to the United States. Relative to 2005, lamb imports were up 
2 percent in 2006 to 66.8 million kilograms. Imports from Australia were up 
4 percent in 2006 and imports from New Zealand were down 1 percent in 
2006 (Figure 4-9). Over the quarterly period from January 2003 to January 
2007, imports from Australia ranged from 1.81 million kilograms to nearly 
6.35 million kilograms. Imports from New Zealand ranged from 0.91 mil-
lion kilograms to 3.63 million kilograms over the same period. The import 
share of the U.S. lamb supply increased from about 35 percent in January 
2002 to about 50 percent in January 2007 (Figure 4-10).
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FIGURE 4-9  Lamb imports from Australia and New Zealand, January 2003–January 
2007. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2007f). 
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FIGURE 4-10  Imported lamb as a share of total lamb availability, January 2002–
January 2007 (data line and trend line are shown).
Source: USDA (2007f).

Countervailing Duty on Lamb Imports

During the 1985 to 1990 period, the U.S. Department of Commerce 
imposed a countervailing duty on imports of New Zealand lamb meat. The 
U.S. government determined that New Zealand lamb industry subsidies 
were at least partially responsible for increasing import market shares. Ba-
bula (1997) investigated the effects of this countervailing duty on U.S. lamb 
supply, demand, and price at the meat packing-wholesale level. This econo-
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metric investigation used monthly data from January 1981 to May 1994. 
The econometric results indicated that the countervailing duty increased 
domestic wholesale lamb prices by 10 percent; reduced domestic quantity 
demanded for lamb by 3.5 percent; decreased imports from New Zealand 
by 11 percent; and increased imports from Australia by 92 percent.

Testimony by foreign producer interests, as reported by Babula (1996), 
maintained imported lamb is sufficiently different from U.S. domestic lamb 
so as not to displace U.S. quantities or to suppress the price of domestic 
lamb. On the other hand, testimony by domestic producers, as reported by 
Babula (1996), suggested domestic and imported lamb are close substitutes 
so that imports displace U.S. production and suppress prices of domesti-
cally produced lamb. The questions that are begged, then, are (1) whether 
and to what degree lamb imports suppress price and displace quantities of 
U.S.‑produced lamb and (2) whether and to what degree U.S. consumers 
consider fresh domestic and frozen imported lamb as substitutes. 

Using a six-equation vector autoregression model based on annual data 
from 1961 to 1994, Babula (1996) found lamb imports had mild adverse 
effects of less than 1 percent on U.S. lamb meat output, price, and revenue. 
The implication is that imports during that period had little effect on the 
U.S. sheep and lamb industry. Consequently, import limits were an ineffec-
tive means of bolstering domestic lamb production and price. Babula (1996) 
also found increases in domestic lamb production displace imports to a 
far greater extent than increased imports displace domestically produced 
lamb. Given this finding, it follows then that successful promotion efforts 
of the ALB could be effective in deterring imports. This situation could be 
the case if U.S. consumers prefer primarily fresh, larger-cut, and primarily 
grain-fed lamb over the primarily frozen, smaller-cut, and primarily range-
fed imported product. Babula (1996) also found domestic and imported 
products are substitutes to a degree but are neither perfect substitutes nor 
independent products.

A correlation analysis of lamb price and imports conducted by Babula 
(1996) provided some support for the conclusion that imports have a small 
negative effect on lamb price. Based on monthly data for January 2005 
through January 2007 (Figure 4-11), the correlation coefficient between 
lamb imports and gross carcass value was found to be –0.07, implying a 
slight negative effect of imports on the U.S. wholesale price of lamb. 

Factors Affecting Recent Import Growth

U.S. imports of lamb and mutton have increased rather substantially 
since the mid‑1980s, with very sharp increases after 1994. Imports, which 
currently account for nearly half of U.S. lamb consumption, are primarily 
from Australia and New Zealand. Imports from Oceania account for more 
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FIGURE 4-11  Relationship between imports and U.S. wholesale values, January 
2005–January 2007. (1 pound (lb) = 0.4536 kg; 1 hundredweight [cwt] = 
45.36 kg.)
Source: USDA (2007f). 

than 98 percent of all U.S. imports (Muhammad et al., 2007). A number of 
factors likely are behind the recent surge in imports, including the continu-
ing, rather stable level of consumption in the face of declining production. 
Also important are prices and exchange rates. The unit values of lamb im-
ports have declined since early 2005 (Figure 4-12), providing some stimulus 

FIGURE 4-12  Quarterly nominal unit values of lamb imports, January 2005–January 
2007. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2007f). 
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FIGURE 4-13  Wholesale prices of domestic and imported loins and legs, January 
2005–January 2007. (1 pound (lb) = 0.4536 kg.)
Source: USDA (2007f). 
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to imports. U.S. wholesale prices of domestic loins and legs typically move 
together with the prices of imported legs and loins (Figure 4-13). 

Imported lamb is differentiated by source of country of production 
(Australia or New Zealand) and by quality (frozen or chilled). In the early 
1990s, chilled lamb imports accounted for about 25 percent of total lamb 
imports from Australia and New Zealand. Since that time, the share of 
chilled imports has been on the rise; currently, chilled lamb imports ac-
count for roughly 45 percent of total imports. To be sure, the growth in 
chilled imports can be attributed in part to the improvement in distribution 
infrastructures (Boal, 2001). Own-price elasticities for New Zealand frozen, 
New Zealand chilled, Australian frozen, and Australian chilled lamb have 
been recently estimated to be in the neighborhood of –0.24, –1.21, –1.01, 
and –1.24, respectively (Muhammad et al., 2007). Given these recent es-
timates, the demand for chilled imports tends to be relatively more elastic 
than the demand for frozen imports. Own-price elasticities associated with 
chilled imports suggest that Australia and New Zealand exporters of chilled 
products have the ability to increase their revenues with price reductions, 
all other factors invariant. The cross-price elasticities among Australia and 
New Zealand frozen and chilled imports are relatively small. As well, the 
signs of the respective cross-price elasticities suggest that frozen and chilled 
lamb imports from both countries can be either substitutes or complements. 
Consequently, this recent evidence on cross-price sensitivities suggests that 
increasing the price of one type/source of imported lamb has relatively little 
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impact on the demand for other types/sources of lamb. However, when rela-
tive prices change, frozen lamb is more likely to be replaced with chilled 
lamb than the other way around (Muhammad et al., 2007). This finding 
underscores the preference of domestic consumers for the chilled product. 

The exchange rate—the number of units of a foreign currency that can 
be exchanged for one unit of domestic currency—is one of the most impor-
tant factors affecting the level and the destination of agricultural exports. 
For those involved in making the decision of where to buy and where to sell 
in the global marketplace, the process is one of converting one currency to 
another at the prevailing rate of exchange and comparing the ensuing prices. 
In this light, trade economists unequivocally suggest the exchange rate be-
tween the U.S., Australian, and New Zealand currencies is a potentially key 
determinant of the level of imports between the United States and Oceania. 
On the basis of Section 201 of the Trade Act of 1974, a tariff rate quota 
(TRQ) was imposed on lamb imported from Australia and New Zealand 
between 1999 and 2001. But despite the TRQ, currency exchange rates still 
made the U.S. market profitable for foreign exporters (US ITC, 1999). Over 
the period 1999 to 2001, the U.S. dollar appreciated against Australian 
and New Zealand currencies by roughly 20 and 25 percent, respectively. In 
situations where the U.S. dollar appreciates in value, Australian and New 
Zealand currencies decline in value. The cost of foreign exchange to U.S. 
importers subsequently decreases, thereby lowering imported lamb prices 
and increasing the quantity demanded of imported lamb in the domestic 
market. The appreciation of the U.S. dollar allowed Australia and New 
Zealand to effectively manage the TRQ even at tariff rates of 40 percent in 
1999 and 32 percent in 2000 (Muhammad et al., 2007).

Recently, the exchange rate between the U.S. dollar and Australian and 
New Zealand currencies has fallen. The exchange rate between the U.S. dol-
lar and the Australian dollar (USD/AUD) fell from 0.762 USD/AUD in 2005 
to 0.753 USD/AUD in 2006, a drop of about 1 percent over that period 
(Figure 4-14). Over the same period, the exchange rate between the U.S. 
dollar and the New Zealand dollar (USD/NZD) fell from 0.704 USD/NZD 
in 2005 to 0.648 USD/NZD in 2006, a drop of about 8 percent. In essence 
then, Australian and New Zealand currencies have risen in value relative to 
the U.S. dollar. Hence the foreign currency cost to U.S. importers also has 
increased, resulting in higher imported prices and a subsequent decline in 
quantity demanded of imported lamb, all other factors invariant. Relative 
to 2005, imports from Australia were up 4 percent in 2006 and imports 
from New Zealand were down 1 percent in 2006. 

Given that a sizable share of domestic lamb consumption comes from 
foreign sources, it is important to consider the exchange rate between the 
U.S. dollar and Australian and New Zealand currencies. Without question, 
changes in the aforementioned exchange rates can affect the quantity of 
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imported lamb from Australia and New Zealand. Currently, the exchange 
rate is favorable to domestic lamb producers, given the decline in the value 
of the U.S. dollar relative to Australian and New Zealand currencies. 

Lamb and Mutton Exports

The volume of U.S. lamb exports over the period 1990 to 2004 pales in 
comparison to the volume of imports. Exports typically consist of mutton or 
lower-valued cuts that are not desired by domestic consumers. The majority 
of exports (about 75 percent) historically have gone to Mexico. Japan is the 
other main importer of U.S. lamb. Lamb and mutton exports increased 97 
percent in 2006 to 8.3 million kilograms (Figure 4-15). 

Competitive Advantage in Global Sheep and Lamb Markets

Models of competitive advantage suggest that factor conditions or en-
dowments, demand conditions, firm strategy and rivalry, related industries, 
government, and chance or uncertainty determine the competitive advantage 
a firm or country possesses in the global marketplace. In reference to inter-
national trade, the “principle (or law) of comparative advantage” suggests 
that countries gain by producing those commodities in which they have 
the greatest comparative advantage or those in which they have the least 
comparative disadvantage. 

The following is a brief discussion of various points as they relate to the 
competitive position of U.S. sheep products. Factor conditions are related 
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FIGURE 4-14  Exchanges rates between the United States and Oceania over the period 
January 2004–March 2007.
Source: Antweiler (2007). Copyright 2007 by Werner Antweiler. Used with 
permission. 
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FIGURE 4-15  U.S. lamb and mutton exports from 1981 to January 2007. (1 pound 
(lb) = 0.4536 kg.)
Source: ASI (2007). Copyright 2007 by ASI. Used with permission.

to costs of production related to factors such as human resources, physical 
resources, knowledge resources, capital resources, and infrastructure. The 
United States has a large land base with rangeland located primarily in the 
West that is well suited for sheep production. Given that Australia and New 
Zealand are the primary global competitors with the U.S. sheep industry, 
then clearly those large competitors are also well suited to sheep production. 
This is especially true for New Zealand with its temperate climate and ac-
cess to 12-month grazing. Australia has temperate as well as dry locations 
with large populations of sheep. Specialized labor related to sheep produc-
tion is more abundant in New Zealand and Australia than in the United 
States because of the size and importance of the sheep industry in these two 
countries relative to the United States. The capital structure associated with 
sheep production is larger in Australia and New Zealand than in the United 
States with approximately 95 million and 40 million head of sheep existing 
in Australia and New Zealand, respectively, compared to just over 6 million 
head of sheep in the United States.

Infrastructure related to logistics favors the United States in the domes-
tic American market because of the vast distances lamb carcasses must travel 
from New Zealand and Australia to reach the American market. However, 
New Zealand is an island nation with all locations relatively close to the 
availability of relatively cheap ocean transportation. Australia’s logistics are 
complicated by the sometimes long distances that sheep and/or meat must 
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travel to reach ocean ports. Ocean freight is a relatively cheap method for 
shipping commodities and the proximity of New Zealand and Australia 
to Asian markets have made them dominate in those markets. All three 
countries have a relatively highly educated workforce that can support the 
sheep industry.

Although domestic demand for sheep products is strong in New Zea-
land and Australia, compared to the United States, both countries have 
relatively small populations (about 20 million in Australia and more than 
4 million in New Zealand, compared to slightly more than 300 million in 
the United States). Domestic annual per capita consumption of sheep and 
goat meat in the United States is about 0.51 kg compared to 14.05 kg and 
22.14 kg in Australia and New Zealand, respectively (FAO, 2007). This 
observation suggests a much stronger domestic market for sheep meat in 
Australia and New Zealand. This continuing strong domestic market as well 
as the importance of exports translate into a greater influence of the sheep 
and lamb industry on the overall agricultural economies and agricultural 
policy making of these countries relative to the United States. The presence 
of related industries is an important component of competitive advantage. 
Related domestic firms allow for easier communication and cooperation 
in developing products and services that can support industry. Although 
all three countries have large capital investments in livestock systems (e.g., 
beef, dairy, and poultry), the U.S. system is by far the largest of the three. 
Other supporting industries include input providers such as veterinary 
services, livestock feed companies, and public and private sector research. 
Consequently, all three countries appear to have a strong set of supporting 
industries. However, the United States is the home base for many important 
technology and input providers. Along with the relative size of the U.S. 
livestock sector, the supporting infrastructure provides some advantage to 
the U.S. sheep industry over its global rivals.

Issues related to firm strategy and rivalries appear to favor the Australian 
and New Zealand sheep industries over the United States. Both Australia 
and New Zealand have well‑organized and dedicated export infrastructures. 
They are also both export dependent in terms of their sheep industries and 
are aggressive exporters. Although recent growth in the dairy industry in 
New Zealand has reduced sheep numbers somewhat, New Zealand has a 
well-organized marketing plan for its livestock products (see Meat New 
Zealand, 2007). Both Australia and New Zealand are actively marketing 
their products as being natural from animals that are allowed to graze freely 
throughout their lives. They are also large producers of Halal products with 
large amounts of live animals and carcasses being transported to the Middle 
East. The U.S. lamb industry historically has had a much less well-funded 
campaign to promote its products, although the ALB has made progress in 
this regard in recent years, as discussed elsewhere in this chapter.
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Thus, the American sheep industry has some advantages in producing 
sheep in terms of a natural resource base and a strong cadre of supporting 
industries. However, it faces strong international competition from countries 
that are at least as well suited for producing sheep, have much stronger 
domestic market bases for their sheep industries, and have well-organized 
marketing efforts. Consequently, successfully competing with New Zealand 
and Australia will require the U.S. lamb industry to focus on differentiat-
ing American lamb from imported lamb, either by quality or some other 
characteristic in the minds of American consumers.

LAMB BYPRODUCT MARKETS

In addition to lamb carcasses and cuts, packers sell a number of byprod-
ucts that are used in many commercial applications (Table 4-9). Most lambs 
dress from 48 percent to 52 percent, meaning that 48 percent to 52 percent 
of the live weight is the hanging carcass after removal of the pelt, viscera, 
organs, and other parts. Williams et al. (1991) indicated margins tend to be 
thin in the lamb packing industry so that the profit in lamb packing is often 
in the sale of the byproducts. Such tends to be the case across all livestock 
meat‑packing operations. Consequently, the meat industry and specifically 
the lamb industry actively work to develop ways to market byproducts and 
rendered products.

The primary byproducts of lamb slaughtering include pelts and/or wool, 
fats and fatty acids, viscera (especially the intestines), manure, and bones, 
horns, and hooves. Wool as a byproduct is a relatively frequent phenom-
enon. As discussed in more detail in Chapter 5, the declining fortunes of 
the U.S. sheep industry over the years resulted in a corresponding decline in 
the relative return to wool production so that lamb and mutton production 
eventually became the primary product of sheep production. Besides wool, 
which is discussed extensively in Chapter 5, some of the major byproducts 
are the following: (1) edible byproducts, (2) rendered byproducts, (2) pet-
food products, (3) pelts, and (4) lanolin.

Edible Byproducts

A number of lamb byproducts are considered to be edible, depending on 
the ethnic background of buyers, including blood, blood plasma, bone, in-
testines (large and small), cheek trimmings, fat, hearts, liver, kidney, spleen, 
sweetbreads, tail, testicles, tongue, and tripe (stomach). This list may differ 
depending on the region of the United States or the ethnicity of buyers. 
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TABLE 4-9  Uses for Sheep and Lamb Byproducts

Pelt and Wool

•	 Lanolin
•	 Clothing
•	 Drum heads
•	 Yarns
•	 Artists’ brushes
•	 Sports equipment
•	 Fabrics
•	 Pelt products

•	 Rouge base
•	 Insulation
•	 Rug pads
•	 Asphalt binder
•	 Textiles
•	 Ointment base
•	 Tennis balls
•	 Worsted fabric 

•	 Felt, carpet
•	 Footwear
•	 Woolen goods
•	 Baseballs
•	 Upholstery
•	 Pelt glue
•	 Paint and plaster binder

Fats and Fatty Acids

•	 Explosives 
•	 Solvents
•	 Chewing gum
•	 Paints
•	 Makeup
•	 Ceramics
•	 Medicines
•	 Shoe crème
•	 Dish soap
•	 Tires
•	 Paraffin
•	 Chicken feed
•	 Biodegradable detergents

•	 Rennet for cheese
•	 Industrial oils 
•	 Industrial lubricants
•	 Stearic acid
•	 Cosmetics
•	 Antifreeze
•	 Crayons
•	 Floor wax
•	 Tallow for tanning
•	 Chemicals
•	 Rubber product
•	 Insecticides
•	 Candles

•	 Dog food
•	 Protein dog food 
•	 Mink oil
•	 Oleo
•	 Margarine
•	 Oleo shortening
•	 Herbicides
•	 Shaving cream
•	 Protein hair conditioner
•	 Protein hair shampoo
•	 Creams and lotion

Intestines

•	 Sausage casings
•	 Instrument strings 

•	 Surgical sutures •	 Tennis racquet strings

Manure

•	 Nitrogen fertilizer
•	 Potash 

•	 Phosphorus •	 Minor minerals

Bones, Horns, and Hooves

•	 Syringes
•	 Gelatin desserts
•	 Rose food
•	 Piano keys
•	 Marshmallows
•	 Potted meats
•	 Pet food ingredients
•	 Bandage strips
•	 Bone charcoal pencils
•	 Gelatin capsules
•	 Adhesives/adhesive tape 
•	 Phonograph records
•	 Combs and toothbrushes
•	 Buttons

•	 Bone jewelry
•	 Bone meal
•	 Emery boards and cloth
•	 Ice cream
•	 Laminated wood products
•	 Horn and bone handles
•	 Collagen/bone for plastic 

surgery
•	 Bone china
•	 Wallpaper/wallpaper paste
•	 Dog biscuits
•	 Steel ball bearings
•	 Malts and shakes

•	 Bone charcoal for high- 
grade steel

•	 Plywood and paneling
•	 Shampoo and conditioner
•	 Dice
•	 Collagen cold cream
•	 Crochet needles
•	 Cellophane wrap and tape
•	 Glycerin
•	 Photographic film
•	 Fertilizer
•	 Neatsfoot oil
•	 Abrasives
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Rendered Byproducts

Over time, the rendering industry has developed to dispose of nonedible 
portions of the slaughtered animal. One-third to one-half of each animal 
produced for meat, milk, eggs, and fiber is not consumed by humans (Meek-
er and Hamilton, 2006). The most valuable use of most animal byproducts 
is as feed ingredients for livestock, poultry, aquaculture, and companion 
animals (Meeker and Hamilton, 2006). The Food and Drug Administration 
(FDA) regulates the use of animal wastes in animal feeds. Currently, the FDA 
bans the use of ruminant-derived MBM in feeds intended for ruminants as a 
precaution against the spread of transmissible spongiform encephalopathy 
(TSE). The restriction has limited the opportunities for the use of beef and 
lamb byproducts in the ruminant feeds. Taylor et al. (1995) reported that 
while rendering lowers the infectivity of the prion protein associated with 
TSEs, the infectivity is not totally inactivated. 

Rendering is the process of cooking that inactivates bacteria, viruses, 
protozoa, and parasites, usually by the introduction of steam at tempera-
tures of 115.5o to 143.3oC (Meeker and Hamilton, 2006). In general, ren-
dering separates the fat from the protein and solid materials associated with 
bone. With further processing, a large portion of the moisture is released 
in the rendered product. Meeker and Hamilton (2006) also reported that 
the rendering industry in the United States produces approximately 5.08 
billion kilograms of animal-derived proteins and 4.94 billion kilograms of 
rendered fats yearly. Further, they reported that about 85 percent of this 
production is utilized as animal feed ingredients and that the use of rendered 
animal fats in the chemical, rubber, and oleochemical industries make up the 
second‑largest market. Not all of the rendered lamb byproduct used in the 
United States is produced domestically. In fact, a fair amount of rendered 
products are imported from Australia and New Zealand to meet the domes-
tic demand for lamb- and sheep‑derived rendered byproducts.

Pet Food 

The global pet food and products industry is growing rapidly and 
expected to continue growing. Aldrich (2006) estimated pet food is a $53 
billion industry globally. Dog and cat food sales in the United States have 
reached a combined total of $14.5 billion with exports of nearly $1 billion. 
Aldrich (2006) also indicated lamb meal has been a popular ingredient for 
the better part of the last 15 years. The popularity of lamb meal as a pet 
food ingredient escalated over the last decade with increasing concerns 
about animal nutrition, health, and well‑being. Lamb meal is thought to be 
easier for most animals to digest and results in a lower level of hypersen-
sitivity (food-related allergies). The demand for lamb‑derived byproducts 
initially outstripped the supply due to the novelty of designer pet foods. 
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“Lamb meal analogs,” made of other protein meals, were rumored to have 
entered the market but tight controls due to BSE and scrapie issues and new 
DNA‑typing technology (see Kremar and Rencova, 2003) have eliminated 
this potential competition (Aldrich, 2006). 

There is limited information about lamb meal and the analytical compo-
sition that it offers to pet diets. The protein quality of lamb meal is reported 
to be comparable to MBM and about 75 percent of chicken byproduct meal 
(Johnson and Parsons, 1997; Johnson et al., 1998). Johnson et al. (1998) 
also reported the digestibility of the essential amino acid lysine and threo-
nine and the nonessential sulfur amino acid cystine were low in lamb meal 
diets, possibly as a result of a high concentration of wool contamination in 
the lamb meal. Cystine, a sulfur‑based amino acid, is elevated in keratin-
based products, such as wool, and is not highly digestible. Aldrich (2006) 
reported that the effects of lamb meal in dog or cat diets on palatability, 
shelf life, aroma, or appearance are lacking in the literature. Nevertheless, 
the pet food aisle of most supermarkets suggests that lamb meal is a popular 
ingredient in pet foods. 

Pelts

Sheep pelts are one of the more common, and most lucrative, byprod-
ucts of the lamb packing industry. Pelt prices have been positively associ-
ated with slaughter lambs prices because pelt sales represent the largest 
component of byproduct income for lamb packing operations (Greer and 
Ward, 2000). Variations in average pelt prices across the grading scale have 
been extreme over the last 15 years (Figure 4-16). With the introduction 
of hair sheep into the United States and the increase in small producers on 
the eastern seaboard that are favoring these type of sheep (considered to be 
easy-care sheep because there is no need to shear), high-quality wool pelts 
are harder to secure in the packing industry. Using hair‑type sheep in a cross-
breeding program with wool-type sheep may result in wool pelts, but with 
a lower fiber quality and in some cases with kemp fibers (hair type). The 
differences in pelt prices are not as great as they used to be in the industry. 
However, they do play a role in the price determination of harvest-ready 
lambs. Much of the tanning industry is outside the United States. Many of 
the pelts are initially processed and shipped to tanneries outside the United 
States and then returned as finished products. According to ASI (2006), 
there is only one raw skin processor in the United States that has a tannery 
processing approximately 5,500 lambskins a day (4,500 to 6,000) from do-
mestic lamb production. In addition, this facility processes approximately 1 
million Australian skins and 200,000 Irish/English skins that move through 
the plant annually. 
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Fig 4-16.eps
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FIGURE 4-16  Pelt prices, average of fall clips (No. 1, No. 2, No. 3, and No. 4).
Source: USDA (2007g). 

Lanolin

Lanolin, sometimes referred to as wool wax, wool fat, or grease, is 
a substance that is secreted from the sebaceous gland that is associated 
with the fiber follicle under the surface of the skin. This type of greasy 
substance can be used as a skin ointment, a waterproofing agent, and an 
ingredient of shoe polish. The benefits that lanolin gives to the sheep, as 
viewed by humans, are seen as potential benefits to humans. For example, 
the ability of greased (lanolin) wool to wick moisture allows its use as a 
waterproofing agent. During the scouring process, raw wool is stripped of 
the natural grease that is associated with the fleece. This waxy substance, 
known commercially as lanolin, is most commonly used in the cosmetic 
and pharmaceutical industries. Lanolin must be refined and purified to be 
used for these purposes. Further, lanolin can be used in some industrial ap-
plications in the lubrication industry (such as motor oil, auto lubrication, 
ink, and adhesives). 

Pharmaceutical and Research Uses

According to the USDA, more than 24,000 sheep are used each year in 
research in the United States and even more worldwide as research institu-
tions and government agencies look for ways to improve various aspects 
of the human existence. For example, Protherics is an Australian company 
using 4,500 Merino × Border Leicester wethers to produce antibodies used 
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in medical research (Adelaide Bio News, 2005). Also, sheep blood, which 
is used in some cases in the production of biomedical supplies, tradition-
ally has been collected at slaughter facilities. Transgenic animals are being 
developed that have a gene replacement or alteration in their genetic code 
for a specific purpose. Dr. Esmail Zanjani, for example, has been working 
with transgenic sheep in the area of stem cell research in the hope that sheep 
will be able to incubate organs that one day will be transplanted into hu-
man recipients (Reno Gazette Journal, 2005). The use of sheep and lambs 
in research related to orthopedics (BBC News, 2001) and artificial organ 
technology (MC3, 2006) has also been reported. 

Miscellaneous Uses

Sheep have been shown to be able to make contributions to waste 
management both as consumers and producers (Glenn, 1994). Wool has 
been identified as a sorbent for oil spills. With its high tensile durability 
and ability to retard flame, wool has been identified as an excellent choice 
for oil spill contamination cleanup (Millsaps Sorbent and Environmental 
Laboratory, 1993). Glenn (1994) reported that wool mats, for use in the 
landscaping industry as an alternative to mulch, have become commercially 
available. In addition to other properties that mulch provides, the wool 
mats biodegrade in 2 to 5 years and provide nitrogen, potassium, sulfur, 
and other trace minerals, aiding in both plant and environmental health. 
The wool mats provide an outlet for low‑grade, pigmented wools and serve 
as an environmentally friendly alternative to herbicides and plastic sheet-
ing often used in the landscape industry. Pilot studies over 11‑week periods 
have been conducted using sheep manure to treat and successfully reduce 
petroleum contaminates (Kamnikar, 1992). The Department of Energy has 
investigated the use of water-soluble coal compounds in conjunction with 
rumen fluid to produce industrial and liquid fuels. Organisms isolated from 
the sheep rumen have been found to biodegrade pyrolizidine alkaloid toxins 
that have been found in tansy ragwort plants (Glenn, 1994). A probiotic 
is being developed as a result of this finding to protect cattle, saving the 
industry close to $20 million annually in Oregon, northern California, and 
Washington (Wachenheim et al., 1992a,b).

POLICIES AND REGULATIONS RELATED TO  
THE LAMB INDUSTRY

A number of policies directly impacting the sheep industry were dis-
cussed in Chapter 2. In this section of Chapter 4, policies and regulations 
related to the lamb industry are discussed. In general, the U.S. livestock 
meat industry is faced with a wide array of governmental regulations. These 
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governmental regulations typically affect either directly or indirectly various 
aspects of the marketing system (McCoy, 1981). The justification for such 
regulations is the enhancement of the general welfare, a broad term con-
strued to include health concerns, economic well-being, food safety, social 
conditions, and other factors. 

Meat Inspection 

Meat inspection is concerned with the wholesomeness, cleanliness, and 
truthfulness in labeling of meat and meat products. The purpose of meat 
inspection is to safeguard health by (1) eliminating diseased and otherwise 
unwholesome meat from human consumption, (2) maintaining sanitary 
conditions during slaughtering and processing, (3) preventing the addition 
or use of harmful ingredients, and (4) preventing false or misleading label-
ing of meat and meat products. Historically, prominent pieces of legislation 
in this regard include the Meat Inspection Act of 1906 and the Wholesome 
Meat Act of 1967. The cost of federal meat inspection is about $0.55/kg of 
red meat (McCoy, 1981). 

Packers and Stockyards Act

The Packers and Stockyards Act was enacted in 1921 to provide re-
lief for livestock producers from anticompetitive practices of packers and 
market agencies. The act originally was administered by the Packers and 
Stockyards Administration but now is administered by the Agricultural 
Marketing Service of the USDA. In general, the act is designed to regulate 
the business practices of those who engage in the buying and selling of 
livestock and meat that enter interstate and international trade. Given the 
oligopsonistic/oligopolistic nature particularly of packers in the marketing 
channel for lamb, this act is important to the lamb industry.

Barriers to Trade—Import Quotas and Tariffs

Congress enacted the Meat Import Law (P.L. 88-482) in August 1964, 
which allows import quotas for fresh, chilled, and frozen beef, veal, mutton, 
and goat meat. The purpose of the law was to limit annual imports of speci-
fied meats, including carcass and boneless meat. Importantly, this bill does 
not pertain to pork or lamb products. However, as discussed previously, 
during the 1985–1990 period, the U.S. Department of Commerce imposed 
a countervailing duty on imports of New Zealand meat. Additionally, on the 
basis of Section 201 of the Trade Act of 1974, a tariff rate quota (TRQ) was 
imposed on lamb imported from Australia and New Zealand between 1999 
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and 2001. Currently, no U.S. import quotas or tariffs on lamb are in effect. 
Most countries with exportable surpluses are actively engaged in efforts to 
stimulate trade. With regard to the lamb industry, key promotional agencies 
are the Australian Meat Board and the New Zealand Meat Board.

Mandatory Price Reporting

Before 2001, information on livestock and meat market transactions 
reported by USDA was based on data voluntarily submitted by market 
participants. However, an increasing number of livestock transactions were 
being made under long-term marketing arrangements (LMAs) that set sales 
terms well before delivery of the animals for slaughter (Perry et al., 2005). 
Because the terms of LMAs were not reported during that period, USDA 
livestock price and volume data were increasingly based on a declining 
number of transactions. Concerns emerged that the cash market prices re-
ported by USDA did not reflect an increasing share of livestock sales. Along 
with growing concentration in the meat packing industry at the time, the 
increasing lack of transparency in livestock transactions fueled concerns of 
packer manipulation of markets.

The Livestock Mandatory Reporting (LMR) Act of 1999 (P.L. 106-78) 
was the legislative response to these concerns. The LMR Act required major 
meatpackers to report all transactions covering hog, cattle, and lamb pur-
chases and commitments to USDA. The act also required packers to report 
the details of fresh wholesale beef and lamb transactions. In implementing 
LMR, the intent was to facilitate price discovery in the industry. Initial 
producer response to the LMR Act was negative primarily because of imple-
mentation problems that severely reduced the amount of price and volume 
data reported. At the same time, the data did not show that contract prices 
were higher than cash prices, as many in the industry expected. A recent 
study by RTI (2007) found that the primary effect of the LMR Act for the 
lamb industry has been to reduce price risk rather than to influence the level 
of the price paid for slaughter lambs. The study found that implementation 
of the LMR Act in 2001 increased the slaughter lamb price by only 0.129 
percent. Further, the study concluded that LMAs have had only a small ef-
fect on slaughter lamb prices. The study found that a 10 percent increase in 
slaughter lamb purchases through formula pricing increases the slaughter 
lamb price by an estimated 2.54 percent. In contrast, a 10 percent increase 
in slaughter lamb purchases through cash markets increases slaughter prices 
by an estimated 2.68 percent. On the other hand, a 10 percent increase in 
packer ownership was found to reduce slaughter lamb prices by only an 
estimated 0.23 percent.
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Country-of-Origin Labeling (COOL)

In 2002, Congress mandated COOL for beef, lamb, pork, poultry, and 
fish. COOL has been an issue strongly supported by livestock producers 
but generally opposed by meat packers, processors, and retailers. Congress 
amended the Agricultural Marketing Act of 1946 and enacted this legisla-
tive act as part of the Farm Security and Rural Investment Act of 2002. 
The economic impacts of COOL for the beef industry have been examined 
(Anderson and Capps, 2004), but virtually no information exists regarding 
the economic impacts of COOL for the lamb industry. 

Livestock Risk Protection (LRP)-Lamb Insurance Policy

The Livestock Risk Protection (LRP)-Lamb Insurance Policy is a new 
price risk management tool that provides producers and feeders of lambs 
with the opportunity to insure lambs they own against unexpected price 
declines. Implemented in September 2007, lamb producers may select cov-
erage prices for 13-, 26-, or 39-week insurance periods. The LRP policy 
provides coverage to lamb producers in 27 states (Arizona, California, 
Colorado, Idaho, Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, 
Missouri, Montana, Nebraska, New Mexico, Nevada, North Dakota, Ohio, 
Oklahoma, Oregon, Pennsylvania, South Dakota, Texas, Utah, Virginia, 
West Virginia, Wisconsin, and Wyoming). To date, about 300,000 lambs 
have been covered by this insurance policy. For additional details, see the 
USDA Risk Management Agency (RMA) website, http://www2.rma.usda.
gov/livestock. There is currently no other type of price insurance, exchanges 
offering futures contracts, or derivative contracts on lamb prices for lamb 
producers. 

MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES OF THE U.S. LAMB INDUSTRY

This chapter examined the U.S. lamb industry with particular interest 
in the current status of the industry and changes taking place in lamb pro-
duction, marketing, consumption, and trade, as well as the market forces 
and government policies that influence their pattern of change. To close this 
chapter, the major accomplishments, opportunities, and challenges of the 
U.S. lamb industry are discussed.

Major Accomplishments of the U.S. Lamb Industry

Major accomplishments of the U.S. lamb industry may be delineated 
primarily into two broad categories: (1) the development of technological 
innovations designed to more accurately assess the value of carcasses, to 
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improve food safety, to extend shelf life in the retail meat case, and to create 
more convenient products; and (2) the development of ways to stimulate 
demand such as centering attention on new uses of lamb products, product 
promotion and advertising done through the creation of the ALB, direct 
marketing of lamb, and niche marketing of lamb. A third major accomplish-
ment deals with the aforementioned LRP-Lamb Insurance Policy. 

•	 New technologies to accurately assess the value of carcasses. These 
developments will be instrumental in the adoption of some sort of value-
based marketing plan. If the industry can accurately assess the true value of 
a lamb carcass, producers and feeders may have the opportunity to be paid 
for lambs that are superior in carcass conformation. The current pricing 
mechanism generally rewards producers primarily on the basis of weight. 
The level of superiority will be set forth by the minimum criteria of the grid, 
which may change depending on the market requirements and which, in 
turn, are likely to change over time. While there are methods for sorting car-
casses in the commercial lamb industry, there are concerns about consistency 
and accuracy. Both of these criteria need to be met in order to maximize 
production of truly superior products on a consistent basis from production 
run to production run, as well as plant to plant. With the adoption of these 
technologies and the facilitation of value-based marketing systems used by 
some cooperative organizations in the lamb industry, producers and feeders 
can be compensated for superior lamb carcasses. 

•	 Improved safety of lamb products. Modernization and inverted kill 
systems along with intervention programs for bacterial contamination have 
improved the safety of lamb products in the retail sector. Also, the industry 
has achieved a marked increase in product longevity in storage. Food safety 
is one of the major concerns of consumers about meat products. Implement-
ing these aforementioned intervention programs helps to assure consumers 
that lamb is a safe alternative in the retail meat case. The industry will 
need to continue educating consumers about food safety issues in regard to 
lamb. 

•	 Improvements in packaging and shelf life. New technologies in the 
area of packaging have improved shelf life of lamb products. The meat in-
dustry has seen a change in the retail case related to packaging and display 
of red meat products. With the advent of new packaging technologies, meat 
products in general and lamb in particular are experiencing extended shelf 
life, allowing an increase in retail shelf display time. These new package 
systems currently are being used in packing plants, resulting in reduced 
chances for bacterial (pathogenic or spoilage) contamination. Consequently, 
the lamb industry stands to benefit from improvements in packaging and 
extended shelf life.

•	 Improved convenience of lamb products at retail. Meat processing 
companies are producing products that are more convenient, reducing time 
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spent in meal planning and preparation. Partially or fully prepared retail 
meats are on the rise. Catelli Brothers, for example, is striving to develop 
preseasoned products with cooking instructions included to help consumers 
when purchasing and preparing lamb for at-home consumption (A. Catelli, 
personal communication, 2007). Others in the industry are looking at ways 
to assure consumers that they can purchase lamb, successfully prepare it at 
home, and have a positive eating experience. Consumer tastes and prefer-
ences for convenient meat products are not to be ignored. Keeping up with 
consumer signals to the meat industry is both a challenge and an opportu-
nity. Segments of the lamb industry have shown a desire to meet consumer 
tastes and preferences regarding product convenience dimensions. 

•	 Additional uses of lamb and lamb byproducts. The sheep and lamb 
industry has focused on developing additional alternative uses of lamb and 
lamb products. The lamb industry continues to look at ways to utilize the 
post‑production and processing of waste material in the byproducts indus-
try. Products from the lamb industry currently are being used in health and 
beauty supplies, waste management, environmental management, medical 
research, and other places. The continued development of ways to use the 
entire lamb pre- and post-harvest increases the value of the sheep to produc-
ers as well as consumers. 

•	 Creation of the American Lamb Board. The establishment of the 
ALB to promote lamb is one of the most important self-help efforts ever 
undertaken by the lamb industry in an attempt to turn around the long-run 
decline of lamb consumption in the United States. While the funds made 
available for promotion are modest compared to most major checkoff 
commodity organizations, research has shown that the funds are being ef-
fectively invested to maximize the impact of each dollar spent.

•	 Growth of direct marketing. Many lamb producers are taking pro-
active approaches to selling their own products directly to customers and 
foodservice operators and bypassing traditional marketing channels. The 
number of individual sheep and lamb producer websites is rapidly increas-
ing. Freezer market lambs are another growing direct marketing method. 
Lambs are sold live to customers and arrangements are made with a custom 
slaughter facility for processing and packaging. The growth and importance 
of this market is considered in more detail in Chapter 7.

•	 Growth of the organic lamb market. A number of sheep and lamb 
producers are converting to organic production systems. There was rapid 
growth of this part of the industry during the period 1997 to 2002, although 
numbers today have been growing less rapidly. Organic lambs are raised in 
production systems that promote and enhance biodiversity and biological 
cycles and minimize the use of off-farm inputs. Lambs are raised without 
the use of antibiotics and growth hormone stimulants. Lambs intended for 
meat markets must be raised organically from the last third of gestation. 
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Although lamb may be well suited for organic production, limited capacity 
and availability of processors who handle organic lamb products may play 
a role in limiting the growth of the market for certified organic lamb. A 
large portion of the western range lambs would qualify as organic or natural 
lamb products, but no major lamb packer is certified for organic or natural 
production and processing. The growth and importance of the organic lamb 
market is considered in more detail in Chapter 7.

Major Opportunities and Challenges Facing the U.S. Lamb Industry 

Opportunities and challenges are two sides of the same coin. The key 
opportunities and challenges facing the U.S. lamb industry pertain to inter-
national trade issues, emerging ethnic markets, understanding of the com-
petition, improvement of the competitive position of domestic producers, 
adoption of technology, and product promotion.

The primary opportunities for growth, development, and enhanced 
competitiveness of the U.S. lamb industry appear to be the following:

•	 Recent depreciation of the U.S. dollar and use of alternative mar-
keting arrangements. Imported lamb is differentiated by source country of 
production (Australia or New Zealand) and by quality (frozen or chilled). 
As the consumption of lamb in the United States becomes increasingly 
dependent on sources from Oceania, the responsiveness of importers to 
domestic and foreign prices gives insight into the behavior of importers 
in the presence of a declining domestic industry. Without question, lamb 
quality is a key issue for the U.S. market. Chilled imports currently are 
preferred to frozen imports. U.S. producers are in a prime position, from a 
transportation cost standpoint, to capitalize on consumer preferences for 
chilled and fresh lamb. As well, from the standpoint of current exchange 
rates, Australian and New Zealand currencies are appreciating against the 
U.S. dollar, thus making imported lamb relatively more expensive relative 
to domestically produced lamb. Further, the use of AMA, such as forward 
contracts or marketing agreements, as opposed to the use of cash transac-
tions, may enable U.S. operations to more effectively compete with increas-
ing foreign imports. Besides the LRP-Lamb Insurance Policy instituted in 
fall 2007, the use of these AMA is one of the few risk management tools 
available to operations given that no futures market exists for lambs. 

•	 Promotion of lamb as a tasty, healthy, convenient, and safe meat pro-
tein source. As the industry continues to look at ways to develop products 
for consumers to enjoy a palatable eating experience, concerns for a tasty, 
healthy, convenient, and safe product are a priority. Although lamb is not 
much different from other protein sources, relatively speaking, with regard 
to nutritional attributes, finding ways to differentiate lamb and elevate it 
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in the eyes of the consumer indeed presents opportunities to increase the 
demand for lamb. 

•	 Better positioning of lamb in the U.S. meat market. Knowledge of 
cross-price elasticities allows the identification of competitors to lamb, 
namely beef and pork in that order, in the retail meat case. With this in-
formation, opportunities exist to better position lamb vis-à-vis chief com-
petitors. Knowledge of consumer sensitivity to changes in retail prices also 
permits the opportunity to implement pricing strategies designed to increase 
revenue to retailers and packers in the lamb marketing chain.

•	 Large potential market expansion. Opportunities also are evident 
through the ALB to persuade consumers who have not consumed lamb 
previously to consume lamb for the first time. Nearly one-third of all U.S. 
households have never eaten lamb at all. Developing profiles of households 
who have not yet eaten lamb could be useful for targeting these households 
in promotion campaigns with the hopes of improving market penetration 
of lamb. 

•	 Emergence of new lamb markets. The emergence of new markets 
for lamb products presents arguably the best opportunity for growth of 
the lamb industry. The growth in the number of Muslims who reside in the 
United States is one example. According to a recent study conducted by 
JWT, an advertising agency, these Muslims are, on average, wealthier and 
better educated than the general population (The Economist, 2007). At the 
same time, nontraditional markets for lamb serving several ethnic groups 
appear to be growing rapidly as discussed in more detail in Chapter 7.

Several major challenges face the lamb industry from the production 
side, including the following:

•	 Improving the competitive position of domestic producers. The 
elastic demand for chilled lamb imports suggests that Australia and New 
Zealand exporters of chilled products have the ability to increase their 
revenues with price reductions, all other factors held constant, which will 
create additional pressures on domestic producers of chilled/fresh lamb. 
Given the current open U.S. borders to lamb imports, U.S. producers will 
be challenged to increase their production efficiency and lower their costs in 
order to improve their competitive position in the domestic market. 

•	 Adoption of a value-based grading system that accurately sorts 
carcasses based on quality and yield. Developing a system that accurately 
assesses value on which packers and producers/feeders can agree and trust 
will be a major challenge. Whatever system is developed will likely be 
automated and have the capability to uniformly assess carcass value from 
processor to processor and from day to day within a processing plant. Such 
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an automated system will have to fit into current plant designs and must be 
in keeping with current processing plant line speeds. 

A number of challenges also face the U.S. lamb industry from the con-
sumer side that affect not only production and profitability, but also the abil-
ity of researchers to conduct needed analyses of lamb demand to enhance 
decision-making in the sheep and lamb industry, including the following:

•	 Lack of a long-standing retail price series. A major problem for both 
research on lamb demand and decision-making in the lamb industry is the 
absence of a long-standing retail price series. As a consequence, research on 
lamb demand has considered only limited time periods or has used proxy 
data series for retail price, such as wholesale prices (Purcell, 1989) or im-
puted retail prices (Byrne et al., 1993; Schroeder et al., 2001). The USDA 
collected monthly lamb retail prices from 1950 to 1981. The American 
Sheep Industry Association then continued the collection of retail prices on a 
bimonthly basis from January 1986 to June 1992 and again from September 
1993 to December 1995, leaving holes in the price series between 1981 and 
1986 and between June 1992 and December 1993. The USDA commenced 
collecting monthly prices again from January 2001 to August 2005 under 
the umbrella of the MPR program, leaving another hole in the retail price 
data from December 1993 to January 2001. The USDA has once again dis-
continued reporting a retail lamb price, so that the latest data on the retail 
price of lamb are from August 2005. The U.S. Bureau of Labor Statistics 
(U.S. BLS, 2007) reports monthly price indices for lamb and organ meats, 
as well as for lamb and mutton. The former series runs from December 
1977 to the present while the latter series only runs from December 1997 to 
December 2005. Efforts in dealing with gaps in retail prices are a key need 
for conducting effective analyses of lamb consumer behavior.

•	 Measurement and reporting of per capita consumption of lamb. Per 
capita consumption often is thought to be synonymous with demand. Per 
capita consumption, however, is calculated by USDA as cold‑storage lamb 
stocks at the beginning of the year plus production plus imports minus end-
ing stocks divided by the population of the United States. Consequently, this 
measure is more akin to disappearance than to consumption. As Shiflett et 
al. (2007) noted, there is no precision in measurement of the per capita lamb 
demand series. The USDA publishes per capita lamb demand with only one 
significant digit. The result often is a series that shows very little variability. 
Such lack of measurement precision (or variability) complicates any efforts 
to estimate demand models. Shiflett et al. (2007) and Capps and Williams 
(2005, 2007) used quarterly measurements of per capita lamb consumption 
posted on the Livestock Marketing Information Center (LMIC) website, 
which carries a number of significant digits.
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Another problem with the reported data on per capita lamb demand is 
that the data do not differentiate between American lamb and lamb from 
either Australia or New Zealand. The imported share of lamb in the U.S. 
market has risen steadily in recent years, up to 45 percent currently. Break-
ing out and reporting lamb consumption by country of origin is necessary to 
understand changes occurring in consumer lamb‑purchasing behavior. For 
example, ALB promotional activities are intended to enhance the demand 
for domestically produced lamb. Without separate data on the consump-
tion of domestic and imported lamb, however, research cannot determine 
whether the ALB lamb promotion program has a generic impact on lamb 
consumption or primarily impacts the consumption of domestically pro-
duced lamb as intended. These and other issues related to imported lamb, 
such as the extent to which consumers consider domestic and imported lamb 
to be substitutes, cannot be reliably addressed unless separate series on lamb 
demand by country of origin are available.

•	 Consideration of other factors potentially influencing lamb demand. 
Most research on lamb demand has considered the demand effects of re-
tail lamb prices, competing retail meat prices (specifically, beef, pork, and 
chicken), income, seasonality, and advertising. A case can be made that goat 
meat could serve as a substitute for lamb meat, especially in the growing 
ethnic/religious market segment, but not much information exists on goat 
meat consumption and goat meat prices. At present, no research is available 
on cross-price elasticities between lamb and goat meats. 

The effects of diet, health, and nutrition information on lamb consumer 
purchasing behavior also have not been explored to any degree. Addition-
ally, neither away-from-home consumer lamb purchasing behavior nor 
the demographic characteristics of lamb consumers has been explored 
adequately. 

•	 Increasing the presence of lamb in the foodservice/HRI sector. Shiflett 
et al. (2007) suggested that the foodservice sector accounts for an estimated 
37 percent of domestic lamb volume and is growing. Potential opportunities 
may exist for increased lamb demand in the foodservice sector, or hotels, 
restaurants, and other institutions. In the United States, the share of the food 
dollar spent away from home is nearly 50 percent (Jensen, 2006). Increased 
training of chefs and overall increased awareness of American lamb could 
increase lamb offerings in the foodservice sector (Shiflett et al., 2007). Con-
sequently, targeted marketing efforts aimed at the foodservice sector would 
likely prove effective in increasing the demand for U.S. lamb.

•	 Improved understanding of the demographic characteristics of lamb 
consumers. There exists a pressing need to extend beyond the traditional 
price and per capita consumption series to provide improved and more 
detailed socioeconomic profiles of consumers in different market areas 
so that product offerings can be tailored to meet the desires of consum-
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ers. The only published study documenting demographic characteristics 
of lamb consumers used the 1987–1988 Nationwide Food Consumption 
Survey (NFCS) data to build a profile of lamb consumers (Williams et al., 
1991). The demographic characteristics considered included geographic 
location, season of the year, income quartile, race, age, and urbanization. 
The study provided information on average weekly per‑person expenditures 
of households by those demographic characteristics for beef, pork, poultry, 
fish and seafood, and lamb in 1987 and 1988. As well, the study provided 
a definitive picture of the profile of a lamb consumer in the United States. 
Region, race, age, and income were the major demographic factors found 
to influence the probability of consuming lamb in the United States. The 
Williams et al. (1991) analysis, however, needs to be updated with more 
current information. Importantly, ethnic markets need to be considered as 
well in order to better understand the demand for lamb.

•	 Research on the demand for specific cuts of lamb. Most research on 
lamb demand has considered lamb in the aggregate. Little research has been 
done regarding the retail demand for specific cuts of lamb, such as legs, 
chops, shoulder cuts, racks, shanks, ground lamb, and stew meat. Williams 
et al. (1991) examined the demand for selected individual lamb products in 
Houston using weekly retail scanner data. The cuts included various types of 
lamb chops, leg of lamb, lamb shank, and ground lamb. In most cases, the 
demand for each individual cut was found to be quite responsive to changes 
in price with own-price elasticities ranging from –1.66 to –3.17. This finding 
is consistent with demand theory in which the demand for specific compo-
nents of a product (e.g., lamb versus all food and lamb cuts versus lamb 
in the aggregate) is expected to be more price responsive than demand for 
the product itself. The more price elastic response of lamb cuts than lamb 
demand in the aggregate to price changes largely reflects the greater degree 
of substitutability among cuts of lamb than among lamb and other types of 
meat and foods. This type of information is needed to assist retailers and 
foodservice purveyors in pricing and price-based promotion of lamb cuts so 
as to maximize lamb sales revenues. Retail scanner data will be highly useful 
in conducting these types of analyses in support of retail lamb marketing 
efforts.
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5

The U.S. Wool Industry

The United States was the world’s fifth largest wool‑producing nation 
in the 1940s. At the time, wool was considered to be the primary 
product of sheep production with lamb and mutton as byproducts of 

wool production. As the fortunes of the U.S. sheep industry declined over 
the years, so did the relative return to wool production. As a consequence, 
sheep producers and researchers have turned their attention to improving 
lamb and mutton production. Today, the United States accounts for < 1 
percent of the world’s wool production (Anderson et al., 2007). This chap-
ter reviews the current status of the U.S. wool industry, with a particular 
focus on the challenges and future opportunities facing the industry. After 
reviewing the production, marketing, use, pricing, trade, and government 
policies related to wool, the chapter concludes by offering some insight on 
the future course of the industry.

WOOL PRODUCTION

The production of wool is a continuous, year-round process influenced 
by a large number of factors, including genetics, nutritional status, lactation, 
and other stress factors. The majority of U.S. sheep are shorn in the late 
winter and early spring months each year, although some producers shear in 
the fall. In the western range states, producers normally shear prior to the 
onset of the lambing season. Exceptions include many producers that lamb 
on the range in the fall or winter where climate risks result in shearing at or 
close to lamb weaning time in the spring. Some range producers that lamb 
in the winter in sheds shear prior to lambing. Another source of wool is 
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from feeder lambs. Lamb feeders in higher rainfall climates shear lambs to 
be feedlot finished, and also do so in regions with hot summer periods when 
the lambs enter the feedlots. An estimated 70 percent of the lambs finished 
in feedlots are shorn (McDonnell, personal communication, 2007).

In 2006, the 14 western range and intermountain states accounted 
for 72 percent of sheep and lamb inventories but produced 77 percent of 
the U.S. wool clip and received 88 percent of the income from wool sales 
(USDA, 2007). The production cost and return budgets presented in Chap-
ter 2 (Tables 2-3 and 2-4), for example, show that wool provided 14.5 per-
cent of the income in Nevada public land range sheep production systems 
in 2006 and < 2 percent of the income in a 50‑ewe farm flock operation, 
barely covering shearing costs. A frequent debate in the U.S. sheep industry 
is whether wool is a liability or an important economic component of sheep 
production that is often neglected. Wool may be a liability to sheep produc-
ers in one of three situations:

•	 High-rainfall production areas. Wool breeds of sheep are not well 
adapted to high rainfall conditions. For this reason, there is growing inter-
est in the hair breeds of sheep in the subtropical regions of southeastern 
states.

•	 Farm flock production systems that emphasize lamb production. 
These operations generally utilize medium wool breeds or crossbreds that 
produce lower‑quality fleeces that often do not generate enough income to 
pay for shearing costs.

•	 Remoteness of wool markets. In this case, producers often have 
difficulty finding qualified shearers and market outlets for wool, providing 
some incentive to shift to hair breeds.

Wool is an important component of sheep production systems in other 
situations:

•	 Range sheep production systems where arid rangelands limit the po-
tential for increased lamb production. The best adapted range maternal ewe 
breeds all include some Merino genetics in their origin, from 100 percent in 
the Rambouillet and Merino to 75 percent in the Targhee and 50 percent in 
the Columbia. These breeds are all good wool producers.

•	 Marketing of wool versus marketing of meat and milk products. 
Because wool is an easily stored commodity, producers can delay the mar-
keting of wool, but must sell their meat and milk products more quickly. 
Some producers store their wool for a year or more for financial or market 
considerations. 

•	 Remoteness of lamb markets. The distance of their continent from 
major world lamb markets together with the storability of wool are pri-
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mary reasons that Australian sheep producers historically have emphasized 
wool production and have become the dominant suppliers to world wool 
markets.

•	 Availability of niche markets. Some producers, particularly those 
with smaller flocks, have become specialty producers of wools, merchandis-
ing to hand spinners and weavers. These may be longer and coarser wools 
for easier spinning or unique colored wools. With aggressive marketing 
strategies, these producers may earn from $100 to $150 in wool income per 
sheep in the flock.

WOOL MARKETING

Wool producers use one of three primary market preparation methods 
at shearing (original bag, bellies out and the fleeces not tied individually, and 
table skirted and classed), and one of four primary sales mechanisms (wool 
warehouses, wool cooperatives, wool pools, and private treaties). 

Worsted and Woolen Systems

Worsted and woolen are the two basic systems used to process wool 
from the clean, scoured state through to yarn. The wools flowing through 
each system are, thus, determined by their characteristics. The worsted 
system utilizes longer staple and finer grades of wool for higher‑quality 
cloth and finished fabrics. Worsted yarn is spun from fibers that have been 
carded and combed, resulting in relatively parallel fibers and a smooth yarn. 
The woolen system utilizes coarser grades of wool for yarn production that 
ranges in end uses from heavier fabrics for outerwear to drapes, upholstery, 
and carpets. Woolen yarns are spun from fibers that have been carded but 
not combed. As a result, the fibers are randomly arranged, yielding a rela-
tively rough yarn. Other wools may be used for felt, insulation, batting, and 
as adsorbents and filters (ASI, 2002).

The physical characteristics of wool as sold by producers are deter-
mined by several objective measurements determined on full-length staples 
removed from random positions in the bale. These characteristics include 
fiber diameter, variability of fiber diameter, clean wool yield, staple length, 
staple strength, quantity and type of vegetable matter, and number of black 
fibers present. Objective measurements are obtained from core samples of 
bales/sale-lots of wool and determined by internationally approved machine 
and laboratory analyses. Subjective measurements may include color or 
stains, condition of staple tips, crimp, and style or handle.
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Fiber Diameter

All international wool markets describe fiber diameter in microns, with 
superfine wool as low as 14–17 microns up to coarser wool from 27–35 mi-
crons. Staple wools < 26 microns are generally used in the worsted system, 
with quality of fabric increasing in the lower micron ranges. Variability of 
fiber diameter is important both within a fiber and within a fleece. As the 
fiber diameter decreases, market value generally increases. Premiums often 
are paid for wool with low average fiber diameter and low variability of 
fiber diameter.

Yield

Yield is the percentage of clean wool in a grease wool sample, usually 
adjusted to 12 percent moisture, 1.5 percent alcohol extractives (oil), and 
0.5 percent mineral content. The wool trade often refers to this situation as 
“clean wool fibers present” (CWFP). Yield in the U.S. wool clip may vary 
from 40 to 70 percent. Fleece density, or number of fibers per area of skin, 
and staple length are the principal genetic factors influencing yield. Yield 
also can be affected by management practices, such as where the animals 
are managed (pasture, range, croplands, drylot), moisture content of fleece 
at shearing, and cleanliness of shearing area. Clean wool yield can have a 
major influence on grease wool market price. A wool clip with a 60 percent 
yield has 50 percent more clean wool than a clip with a 40 percent yield.

Staple Length

Length is important to both yield and the system in which the fiber will 
be used. For example, finer wools < 22 microns must be ≥ 70-mm staple 
for combing and spinning to yarn in the worsted system. Coarser wools 
from 23 to 26 microns must have a minimum 76-mm staple length. Because 
wool grows in length every day, disease and/or nutritional stress may cause 
weaker (tender) fibers or breaks in the staple length and decrease its use 
and value. Position of the break in the staple is also critical to determining 
staple length. Another concern regarding staple length is second cuts in 
the shearing process. Shearers may miss cutting part of the staple and then 
cut a second time to present a smooth appearance when finished. Second 
cuts, if left in the staple length fleece, are considered a contaminant. Staple 
strength is critical in processing wools to finished yarns and fabrics, and 
measurement of strength is becoming a standard objective measurement for 
international wool marketing. Staple strength is inherited and can also be 
affected by nutrition, animal health, and other management practices.
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Vegetable Matter

Contaminants such as dirt and oils can be washed out of raw wool in 
the scouring process. However, vegetable matter, such as burrs and stems, 
generally cling to the wool fibers and must be removed during mechanical 
processing (carding and combing). Increasing levels of vegetable matter 
reduce clean wool yield and increase the cost of processing. Other contami-
nants of concern include polypropylene twine, usually from hay baler twine 
that is very difficult to remove from the fleece; use of nonscourable branding 
paint (scourable paints are readily available); and black fibers and kemp or 
medullated fibers in a white fleece.

Wool Market Preparation Methods Used by Growers

Wool is generally bagged for market in one of three different methods: 
(1) original bag (OB) method in which bellies, stained wool, and other 
inferior fleece portions are not removed from the fleece and no table skirt-
ing occurs; (2) bellies out and fleeces not tied individually (BOU) method 
in which some producers may do some fleece skirting to remove short and 
more contaminated fleeces but no table skirting occurs; and (3) table skirted 
and classed (TSC) method, which is the recommended method for inter-
national and premium domestic wool markets. In the TSC method, bellies 
typically are removed from the fleece by the shearer and the wool‑handling 
crew removes most of the manure tags and urine‑stained wool as it is shorn. 
The fleece is then thrown open on a slatted table to allow skirting to remove 
any vegetable matter, stained wool, second cuts, and shorter or off-grade 
parts of the fleece—normally around the head and lower parts of the leg 
area of the fleece. A qualified classer then estimates fiber diameter, staple 
length, and strength of the fleece to determine the grade of the fleece to sort 
into separate bins. Short (less than staple) fleeces and tender fleeces generally 
are packaged separately. 

When a sheep is properly shorn, the fleece can be laid out on a table 
or floor and be seen as one piece. Skirting is the process of removing from 
fleeces the stained or inferior wool that grows on the belly and legs of the 
sheep (Lupton et al., 1992). Table skirting is simply placing the fleece on a 
table and finishing the skirting process. Classing is the preliminary sorting 
of the fleece according to its estimated physical properties.

Australia is the largest producer of wool and sets the international stan-
dard in the marketing of wools through preparation and class. In Australia, 
most wool is skirted and then subjectively classed by spinning quality num-
ber (fiber diameter or fineness range), staple length, color, condition, style, 
and soundness. Classers produce as few lines as possible from a wool clip 
while maintaining uniformity within a line and eliminating contamination 
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of the clip with stained, pigmented fibers and all foreign material (Lupton et 
al., 1996). Subsequently, most lots are objectively measured (prior to sale) 
for clean yield, vegetable matter content, average fiber diameter (and vari-
ability), staple length, staple strength, and color (Lupton et al., 1989).

Most wool in the United States continues to be sold as OB wool (bagged 
without any further processing) (Table 5-1). A recent telephone survey of 
major wool‑marketing warehouses in the western states by the authors indi-
cates some trend toward further preparation of wools by producers. The six 
warehouses� surveyed merchandise approximately 50 percent of the wool 
produced in the western states (Table 5-1). The survey suggests that grow-
ers increasingly recognize the importance of wool preparation for market. 
Producers Marketing Cooperative, Inc. (PMCI), a grower‑owned marketing 
cooperative, handles approximately 20 percent of the Texas wool clip, with 
approximately one third of their wool from growers that are owner/mem-
bers of the co-op. All owner/member wool clips are TSC by co-op staff and 
normally sell at a 15 percent to 25 percent premium. Warehouse managers in 
the survey agree that the highest‑selling wool clips are those that have been 
using TSC for several years, establishing predictable reputation clips. With 
the 2007 wool clip selling at near-record prices, TSC has been an important 
method of preparation for growers of better wool clips. 

The warehouse managers also indicate that 20–30 percent of the OB 

�Roswell Wool Co., Roswell, NM; Sonora Wool & Mohair, Co., Sonora, TX; Eden Wool & 
Mohair Co., Eden, TX; Producers Marketing Cooperative, Inc. (PMCI), Mertzon, TX; Utah 
Wool Marketing Cooperative, Tooele, UT; Center of the Nation Wool, Inc., Belle Fourche, 
SD.

TABLE 5-1  Percentage of Wool Prepared by Growers for Sale to Major 
Wool Warehouses Using One of the Three Major Preparation Methods, 
2007 Wool Clip

Market Preparation Method 
(%)

Market OB BOU TSC

Roswell Wool Co., Roswell, NM 5–7 60–65* 30–35
Sonora Wool & Mohair, Co., Sonora, TX 10–15 75* 10–15
Eden Wool & Mohair Co., Eden, TX 15–20 75* 5–10
Producers Marketing Cooperative, Inc. (PMCI), Mertzon, TX 10 60* 30
Utah Wool Marketing Cooperative, Tooele, UT 10 40 50
Center of the Nation Wool, Inc., Belle Fourche, SD 15 45 40

	 *Several warehouses reported that, even though the BOU wool is not TSC, an increasing 
number of producers are doing some sorting of their BOU wool on the basis of grade, staple 
length, level of contaminants, and/or color.
Source: Survey of major warehouses by authors.
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and BOU wool sold through their warehouses is purchased by a major U.S. 
wool buyer and moved to its private warehouse for TSC and then merchan-
dised to major U.S. and international wool market outlets. This observation 
suggests that producers not preparing their wool clip using TSC are selling 
at a substantial discount, since buyers clearly expect a cost‑plus‑profit return 
on investment for the further processing. 

Wool Marketing Mechanisms

In the United States, wool is generally marketed through one of four 
different marketing mechanisms: (1) warehouse system, (2) marketing 
cooperatives, (3) pools, and (4) private treaties. Sales options within each 
mechanism have become fewer with the decline in sheep numbers. The 
primary objective of all four marketing mechanisms is to provide wool 
buyers adequate volumes of wool that can be purchased with confidence 
that their uniformity is accurately represented. All TSC and most BOU wool 
sold in the United States is core tested with the results available to buyers. 
Most buyers know the specifications of their orders for wool and are not 
interested in purchasing wools that do not meet their requirements. The 
importance of meeting international standards to realize potential market 
values has increased as exports of U.S. wool have grown. 

Wool Warehouse System 

Major U.S. wool‑producing regions have access to one or more com-
mercial wool warehouses. Growers consign their wool to the warehouse 
that has the major lines or classes within a clip core tested for the previ-
ously described objective measurements. Warehouses may then sell their 
wool consignments by either (1) sealed bids from and/or direct negotiations 
with buyers or (2) public auctions with adequate volume to attract major 
national and international buyers. Reputation wool clips may be sold sepa-
rately within TSC grades. Smaller wool clips may be combined with other 
clips to achieve adequate volume within grades to attract buyers. Growers 
may instruct warehouse managers to obtain predetermined minimum bids 
as their agents, or they may trust the manager to get the best available price 
for their wool.

Wool Marketing Cooperatives 

Many areas of the United States are too remote from wool warehouses 
and have inadequate volume to attract a commercial warehouse. The larg-
est wool‑marketing cooperative is Mid States Wool Growers Cooperative 
with assembly warehouses at its headquarters in Canal Winchester, Ohio, 
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and in Kansas City, Missouri. Mid States also has assembly stations in sev-
eral locations throughout the Midwest and the East for grower delivery to 
minimize freight costs for smaller clips. Wool delivered from each grower 
to their central warehouses is then sorted into grades and wool types and 
pooled with other clips to obtain adequate volumes in the various grades 
and types to attract buyers. Mid States provides an important service to 
farm flock producers remote from traditional wool markets, and provides 
an assembly service for buyers. Although California Wool Growers Mar-
keting Cooperative is the primary wool market outlet for California grow-
ers, the cooperative has contracted with Roswell Wool to sell its wool to 
obtain greater market access. Producers’ Marketing Coop., Inc. (PMCI) in 
Mertzon, Texas, may be a model for future cooperatives of growers that 
produce higher-quality wool in the major wool producing areas.

Wool Pools

Growers in several regions, particularly in the Northwest and North 
Central states, have used a variation of the cooperative system called wool 
pools. Montana, for example, continues to operate a number of such pools. 
A group of growers that produce similar sheep and wool will combine their 
clips and offer them for sale at a central shipping point. The more progres-
sive wool pools provide objective measurement information on the wool 
offered for sale. The pools provide an opportunity for smaller growers to 
pool with other growers with similar wool in 11,340- to 13,608-kg truck-
load lots. Wool pool members may jointly own a wool baler and may use 
a common shearing crew.

Private Treaty

Direct sales were a traditional method growers utilized to sell their 
wool clip. Growers with larger reputation clips would contact buyers and 
negotiate a sale price. Although some private treaty sales continue in the 
major wool‑producing states, this sale method has declined for at least three 
reasons: (1) the use of objective measurements, (2) recognition by growers 
that buyers were generally more knowledgeable of the wool market than 
growers, and (3) the desire of major buyers to bid on larger quantities 
assembled at a central location with known specifications and objective 
measurements. There continue to be reputable buyers in the North Central 
and eastern states that provide a market outlet for farm flock producers and 
lamb feeders. Producers with small flocks that produce lower‑quality wool 
may give the wool to the shearer as partial payment for shearing costs. Most 
niche market wools are merchandised by growers as individual fleeces or 
smaller amounts or as natural hand‑spun yarns.
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WOOL PROCESSING

Once raw wool is purchased, several steps are required before it is pro-
cessed into end products. As stated previously, most fabrics for clothing are 
produced from finer wools (< 26 microns) in the worsted system. Carpets, 
rugs, heavier blankets, and some upholstery products are generally produced 
from longer staple, coarser wools primarily using the woolen system; how-
ever, an increasing percentage of carpet and blanket yarns are produced on a 
modified or semiworsted system. With the exception of a limited number of 
producers of blankets, the woolen system is almost nonexistent in the United 
States. China, India, Turkey, and, to a lesser extent, some Eastern European 
nations, now dominate carpet, rug, and heavier blanket production from the 
woolen system. Since the worsted system is the primary use of wool in the 
U.S. textile industry, brief description of the steps from raw wool to retail 
products is appropriate. A more detailed description is presented in the SID 
Sheep Production Handbook (ASI, 2002). 

•	 Scouring. Scouring is the removal of impurities from grease wool 
using water, detergent, and sometimes a mild alkali. Lanolin is the primary 
grease base in wool, and it is removed as a merchantable byproduct. Water 
and other materials, such as dirt and vegetable matter, that are removed in 
the scouring process can be treated in conventional sewage processes.

•	 Carbonizing. Wool clips contaminated with excessive and hard-
er‑to‑remove vegetable matter, such as burrs and thorny branch segments, 
are carbonized using an aqueous sulfuric acid treatment to carbonize the 
cellulosic vegetable matter and followed by heating to convert the defec-
tive material into carbon. The carbon is then crushed and shaken from the 
wool. The acid base is then neutralized and the wool rescoured to complete 
the process. Carbonizing is expensive, often resulting in shorter and weaker 
wool fibers. In addition, the wastewater must be treated separately to meet 
environmental quality requirements. No specific data are available, but 
only a minor portion of the U.S. wool clip requires carbonizing. The TSC 
process should remove these types of vegetable matter contaminants from 
the fleece.

•	 Drying. The wet scoured wool is then dried. The wool is first me-
chanically squeezed, then deposited on conveyers at uniform depths to pass 
through continuous flow heated air dryers.

•	 Carding. Carding disentangles and orients the fibers uniformly for 
further processing, and is achieved by passing the wool through cylinders 
and rollers covered with short wires varying from 500 to 2000 wires per 
square centimeter, depending on the type of wool and end-use objectives.

•	 Combing. Combing removes vegetable matter and short and tangled 
fibers and orients the longer fibers in a more or less linear configuration. The 
fibers are combined to form a continuous combed rope or sliver that is then 
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fed into rollers for further combing, and then coiled into cans or bundles 
for delivery.

•	 Top-finishing. Further blending of the combed fibers into a uniform 
weight and thickness per unit of length and winding into a ball known as 
top is accomplished by combining (drafting) several combed slivers that are 
drawn (drafted) together to provide more uniform material. For some yarns 
destined to be woven into multicolored fabric patterns, dyeing may occur 
at the top-finishing stage.

•	 Roving, spinning, winding, and twisting. Roving, a process similar 
to spinning, reduces the top to a more uniform size or thickness prior to 
spinning. Spinning is the final drawing to the desired yarn fiber count or 
thickness and includes a predetermined amount of twist and delivery of the 
yarn to an appropriate package. Wrapping two or more yarns together to 
form a multiply yarn is called twisting or plying. 

•	 Weaving. Weaving interlaces two sets of yarn to form fabric, with 
warp yarns running lengthwise and weft yarns crosswise. A modern loom 
is computerized to control multiple functions to including speed, specific 
weave, and color functions. The woven cloth moves to a roller synchronized 
with warp speed in a continuous operation and holds the cloth to a speci-
fied width.

•	 Knitting. Knitting interlaces yarn in a series of connected loops by 
needles to control a fabric. Specialty yarns may be produced for hand knit-
ting, whereas mechanized commercial knitting machines are very rapid and 
require stronger yarns. Warp knitting machines produce flat fabric similar 
to woven cloth, while specialized machines may knit socks, gloves, and fully 
fashioned garment patterns.

•	 Finishing. Technically, everything that happens to wool fabric after 
leaving the loom until it is ready for the cutter is regarded as finishing. This 
may include inspecting for defects, scouring, dyeing, and other chemical 
treatments to increase flame resistance, reduce shrinkage, improve breath-
ability, and increase comfort. The finished cloth is then ready for textile 
manufacturers to prepare finished products for consumers.

•	 Wool felts. Not covered in the above process is the production of 
wool felt textiles. Felt is characterized by the densely matted fibers of the 
wool used. Felts are produced by the combined actions of mechanical work, 
chemical reactions, moisture, and heat. Although current felt production 
records are not available, U.S. consumption of wool fibers in felts in 1986 
was nearly 4 million kilograms in terms of clean wool.

Current Status of U.S. Wool Processing Industry

The wool processing industry has shrunk significantly in the United 
States in the last 20 years and is discussed in depth in the following section 
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on wool demand. The majority of wool processing in the United States is 
located in North Carolina and South Carolina and other southeastern U.S. 
states along the eastern seaboard, and in the Northeast. The global shift in 
the textile industry is largely attributed to low wages in China, India, and 
other developing nations, but this shift is also due to rapid modernization 
of wool processing plants, particularly in China and India (WOOLNEWS.
net, 2007). The surviving textile mills in the United States have largely 
modernized to utilize new technologies and tailor their products to specific 
consumer needs, such as the U.S. military (ASI, 2007a). Many of the steps 
in wool processing require chemicals and create byproducts that result 
in substantial expense to comply with environmental regulations, while 
environmental regulations are considerably less in China, India, and other 
developing nations. Other issues of concern to the U.S. wool processing 
industry include the removal of textile tariffs and quotas, and the claim that 
China has artificially kept its currency at a low value relative to the U.S. 
dollar. Another concern often mentioned is the decline in U.S. sheep and 
wool production. However, demand for wool apparel goods has increased 
in the United States in the last 10 years, and export of the U.S. wool clip has 
increased from traditional levels of approximately 33 to 70 percent of the 
wool clip in fiscal year 2007. In fact, China now consumes more U.S. raw 
wool than the domestic wool processing industry (ASI, 2007b).

WOOL DEMAND

Clean, graded, scoured wool is used primarily for processing into ap-
parel and carpets. Wool used for carpets is mostly imported and is shorter, 
coarser, and less uniform than wool used for apparel. While some apparel 
wool is produced domestically, the majority (about 88 percent) is imported 
(ASI, 2007a). Apparel wool is used primarily for clothing such as tweeds, 
flannels, and knits for blankets. At the mill level, wool competes with a 
large number of both natural fibers, including cotton, flax, and silk, and 
synthetic fibers, such as nylon, rayon, acrylic, and polyester. However, wool 
can function in a complementary role with other fibers in the production 
of fiber‑blend textile goods. The same is the case at the retail level. While 
wool textiles compete with other fiber textiles for the consumer dollar, 
wool complements the demand for other fiber textiles in many blended 
fiber textiles.

Domestic Mill Demand

The dominant fibers in textile processing are cotton and synthetic fi-
bers. From 1995 through 2005, synthetic fibers accounted for an average 
of 69.9 percent of all fibers used by U.S. mills, with cotton accounting for 
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28.7 percent (USDA, 2006). Wool accounted for an average of only 0.6 
percent, with flax and silk accounting for the remaining 0.8 percent.

Since 2000, the U.S. domestic mill use of all fibers, including wool, has 
been in a general downward trend, reflecting the growing concentration 
of the textile industry in developing countries, where wages are relatively 
low compared to the United States (Figure 5-1). According to the National 
Council of Textile Organizations, more than 350 U.S. textile plants have 
closed since 1997 and the industry has lost nearly 200,000 jobs in the past 
five years (NCTO, 2007). Wool has experienced the largest percentage de-
cline in mill use, falling by an annual average of nearly 11 percent between 
1999 and 2005, compared to the 8 percent average annual decline in the 
mill use of cotton, the 6 percent decline in the use of flax and silk, and the 
2 percent decline in the use of synthetic fibers over the same period (Figure 
5-2). The decline in domestic mill use of wool began after World War II due 
to the reduction in use by military service personnel. Mill use of wool has 
also suffered from the continuing decline in sheep numbers, the marketing 
and promotion programs of the cotton industry designed to increase cotton 
demand at the mill level and at the retail level, and a shift in consumer tastes 
and preferences toward lighter‑weight casual clothing.

In addition, wool has competed with a growing number of other fibers 
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Source: Based on data in USDA (2006).
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FIGURE 5-2  Mill use of cotton, flax and silk, synthetic fibers, and wool, 1995–2005. 
Units are 1,000 lb (1 lb = 0.4536 kg).
Source: USDA (2006). 

in the production of textile goods over time. As of 2003, the most recent 
information reported by the USDA, noncellulosic fibers and cotton ac-
counted for almost 92 percent of world textile fiber production (Capps and 
Williams, 2006). The share accounted for by noncellulosic fibers has risen 
since 1980 while the shares accounted for by wool, cotton, flax, and hemp 
have declined. The share of global textile production on a raw-fiber-equiva-
lent basis accounted for by wool fell from a high of 5.7 percent in 1982 to 
a low of 2.3 percent in 2003. 

Perhaps more important than any other factor in the sharp decline of 
textile manufacturing in the United States, however, was the replacement 
of the Multi-Fiber Arrangement (MFA) with the World Trade Organiza-
tion (WTO) Agreement on Textiles and Clothing (ATC) in 1995. Under 
the MFA, a large portion of textiles and clothing exports from developing 
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countries to the United States and other industrial countries was subject to 
quotas under a special regime outside normal GATT rules. On January 1, 
1995, the international textiles and clothing trade began a process of funda-
mental change under the ATC, as the industrial countries began eliminating 
their import quotas over a 10-year period that ended on January 1, 2005. 
As a consequence, U.S. imports of textile products have grown rapidly as 
raw fiber textile milling has increasingly shifted to China, India, Eastern Eu-
rope, and other countries where labor costs are lower. According to Wilcox 
(2007), labor costs in textile manufacturing in these countries are as low as 
$1–$2 per hour compared to $15–$20 per hour in the major industrial na-
tions. Fewer or less restrictive environmental regulations in these countries 
may also be a factor. Other traditional wool‑processing regions, including 
Western Europe, Great Britain, and Australia, are grappling with similar 
declines in raw wool processing and increasing imports of wool textiles.

There is growing concern in the U.S. textile industry, however, that the 
opening of the U.S. market to textile imports has facilitated extensive gov-
ernment intervention by China and other developing country governments 
in their textile and apparel export sectors to set prices at artificially low lev-
els (ATMI, 2003). Claims of anticompetitive actions by the Chinese include 
currency manipulation to subsidize exports, subsidization of nonprofitable 
state-owned textile and apparel manufacturers, export tax rebates, and 
loans by China’s central banks to achieve a competitive advantage against 
foreign competition. The concern is that over the past 3 years these and 
other subsidies have led to an average 58 percent drop in the prices of 
Chinese textile exports where quotas have been removed. These concerns 
have motivated talks between the U.S. and Chinese governments with a 
resulting agreement in August 2007 to increase import limits for certain 
cotton, wool, synthetic fiber, silk blend, and other vegetable fiber textiles 
and textile products produced or manufactured in the People’s Republic of 
China (USDC, 2007).

The Retail Demand for Wool Textiles

The total U.S. use of wool and all other fibers at the retail level is mea-
sured by USDA as domestic mill use of the fibers plus the raw-fiber-equiva-
lent of imported textiles. As at the mill level, the dominant fibers at the retail 
level are cotton and synthetic fibers. While the use of wool by U.S. mills has 
been declining, imports of wool textiles have been increasing (Figure 5-3). 
The growing imports of wool textiles have more than compensated for the 
decline in the domestic mill use, leading to an increase in the total retail 
consumption of wool in the United States. The growth in retail demand 
for wool textiles has been high enough in recent years to boost per capita 
demand for wool from 0.50 kg in 1999 to 0.63 kg in 2005 on a raw-fiber-
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equivalent basis (USDA, 2006). The trend has been the same for other fibers, 
with growing imports more than compensating for the declining domestic 
production of textiles, leading to increased total and per capita demand (see 
Figure 5-1). Between 1995 and 2005, the per capita usage of synthetic fiber 
textiles increased from 18.5 kg to 22.7 kg, while per capita usage of cotton 
textiles increased from 13.4 kg to 17.1 kg (USDA, 2006). 

Traditional wool apparel goods were heavier, more durable products 
worn primarily in colder climates and winter months and were not re-
sponsive to changes in styles and fashion trends. They included men’s and 
women’s suits, topcoats, and sweaters. The first major challenge to tradition 
came from the advent of synthetic fibers that were lower cost and more re-
sponsive to changing fashion trends and consumer tastes, including “wash 
and wear” convenience. Cotton and other natural fibers responded to this 
challenge more rapidly than wool. Similar shifts to synthetic fibers occurred 
within nonapparel products such as carpets, blankets, and upholstery due 
primarily to lower costs. As a result, wool consumption has become a small 
portion of the textile industry.

Recent trends in the textile industry indicate that wool could develop 
a stronger market position in certain areas. Significantly lower production 
costs in China and India are resulting in retail apparel products including 
wool, wool blends with other natural fibers such as alpaca and cashmere, 
and even wool blends with synthetic fibers that are more cost competitive. 
Lighter-weight, finer wool apparel goods in men’s and women’s wear are 
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increasing slightly in market share (Wilcox, 2007). Wilcox (2007) reported 
that in 2006, China produced 39 percent of the world supply of apparel 
goods, 80 percent from imported wool. It consumed 60 percent of this pro-
duction internally, indicating that its emerging economy now consumes ap-
proximately 24 percent of the world’s apparel goods production. According 
to ASI (2007c), the U.S. military is the largest consumer of U.S. wool, due to 
congressional requirements that domestic products be used when available. 
The military is also a major contributor to wool research.

Raw Wool Trade

In general, the United States exports raw fibers, both natural and 
synthetic, and imports textiles, as well as some raw fibers, including wool. 
Germany was the leading destination for U.S. raw wool exports in 2002, 
a distinction achieved by China beginning in 2004 (Table 5-2). According 
to the American Wool Trust report to the U.S. Congress in January 2007, 
exports of U.S. greasy wool to China have increased from 1,054 metric 
tons (tonnes) in 2003–2004 to 1,446 tonnes in 2004–2005 to 2,713 tonnes 
in 2005–2006, a trend that is expected to continue (ASI, 2007c). German 
imports, on the other hand, dropped by nearly 30 percent over the same 
period. In 2005, the two countries together accounted for over 70 percent 
of U.S. wool exports. Other major U.S. wool export destinations include 
India, Belgium, and Mexico.

China now purchases almost 50 percent of the world market supply of 
raw wool for finishing to textile products, plus utilizing all of its internal 
wool production. China produces 39 percent of the world’s wool apparel 
products, up from approximately 20 percent in 2000, and is the dominant 
producer of machine‑manufactured wool carpet and rug products (Wilcox, 
2007). Internal consumption of wool apparel products sold at retail in 
China is now 60 percent of their total production. As a consequence, the 
emerging Chinese economy is consuming 24 percent of the world wool ap-
parel goods, almost triple the internal wool use duing 2000 (Wilcox, 2007). 
China is now also the largest sheep‑producing country in the world. A recent 
Australian Wool Innovation (AWI) raw wool market research report esti-
mated China’s wool production at 100,000 tonnes and raw wool imports 
at 400,000 tonnes (WOOLNEWS.net, 2007). The AWI also reported that 
major Australian wool buyers and processors are investing in joint ventures 
with Chinese manufacturing companies and that China is investing heavily 
in state‑of‑the‑art new technology to modernize its textile industries. Wilcox 
(2007) suggested that while these transitions may be painful, the lower‑cost, 
higher‑quality products produced in China, India, and other developing 
economies will likely result in wool apparel goods becoming more cost 
competitive with other fibers.
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Raw wool imports to the United States have traditionally been larger 
than U.S. exports, making the country a net raw wool importer. Nearly 80 
percent of coarse U.S. raw wool imports (not-finer-than 46’s) came from 
New Zealand in 2005 (Table 5-3). Australia, on the other hand, accounted 
for 72 percent of the finer wool (48’s-and-finer) in 2005. Other major 
sources of U.S. coarse wool imports in 2005 included the United Kingdom 
(8 percent), Argentina (6 percent), and Australia (4 percent). Other major 
sources of U.S. fine raw wool imports in 2005 included Canada (10 percent), 
New Zealand (7 percent), and South Africa (5 percent).

Research on the Demand for Wool and Competing Fibers

Research on the demand for fibers has focused predominantly on cotton 
and synthetic fibers particularly at the mill level (e.g., Donald et al., 1963; 
Dudley, 1974; Stennis et al., 1983; Dickerson, 1999; Capps and Williams, 
2006). A recent analysis of global cotton and fiber markets used a modified 
version of a multi-equation, econometric simulation model developed by the 
Cotton Economics Research Institute (CERI) at Texas Tech University (Pan 
and Mohanty, 2005) to study the own-price elasticities or price sensitivities 
of cotton and other fiber demands at the mill and retail levels across various 
countries (Capps and Williams, 2006). They found that the mill demand for 
cotton ranged from –0.14 in the United States and India to –0.74 in Egypt 
over the study period of 1976 to 2003. That is to say, given a 10 percent 
change in the price of cotton the quantity demanded of cotton for mill use 
ranges from 1.4 percent to 7.4 percent in the opposite direction. The U.S. 
cotton mill demand price elasticity was close to the elasticity estimate of 
–0.17 previously reported by Capps et al. (1997) but smaller than the –0.40 
mill demand price elasticity reported by Murray et al. (2001) and lower 
than the –0.30 elasticity reported by Lowenstein (1952). Shui et al. (1993) 
reported a much higher U.S. cotton mill demand price elasticity of –0.60. 

In addition, the Capps and Williams (2006) study found that for all 
countries except the United States, the estimated cross-price elasticities 
for polyester in the cotton mill demand equations (i.e., the responsiveness 
of cotton demand to a change in the price of polyester) were positive and 
smaller in magnitude than the corresponding own-price elasticities for cot-
ton. The implication is that polyester and cotton are substitutes in foreign 
cotton mill use. With respect to the U.S. cotton mill demand, however, the 
polyester cross-price elasticity was estimated to be negative and larger in 
magnitude than the own-price elasticity, implying that cotton and polyester 
are complements in U.S. cotton mill use. The finding of complementarity 
between cotton and polyester in U.S. cotton textile milling is consistent with 
the conclusions of a number of other studies, including Capps et al. (1997) 
and Murray et al. (2001). In the latter study, the elasticity of cotton mill 
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demand with respect to polyester price was found to be –0.13, somewhat 
lower than the estimate of –0.21 found by Capps and Williams (2006). 
Capps et al. (1997) estimated the polyester cross-price elasticity to be 
–0.5479. The intuition behind the notion of complementarity rests on the 
development of blended fabrics, at least in the United States, incorporating 
elements of synthetic fibers and cotton.

For U.S. synthetic fiber mill demand, Capps and Williams (2006) found 
that the estimated own-price elasticity was –0.04 and the estimated cross-
price elasticity with regard to cotton was –0.10. Because this study was the 
first to report estimates for U.S. synthetic fiber mill demand, there are no 
results from other studies with which to compare. However, the results are 
consistent with those found for U.S. cotton mill demand, providing some 
confidence that cotton and synthetic fibers are complements in mill use in 
this country. In other words, when prices for either or both cotton or syn-
thetic fibers rise (fall) in the United States, less (more) of both cotton and 
synthetic fiber is demanded by U.S. mills. 

At the retail level of textile fiber markets, Capps and Williams (2006) 
found that demand for textiles across all countries, including the United 
States, is inelastic with respect to both the prices of textiles and income. In 
the United States, the own-price elasticities of cotton fiber textile demand 
and synthetic fiber textile demand were estimated to be –0.41 and –0.61, 
respectively. In foreign countries, the estimated own-price elasticities for all 
textiles ranged from as low as –0.07 in the EU-15 (the original 15 European 
Union countries) to as high as –0.52 in Pakistan. The estimated income 
elasticities ranged in magnitude from 0.02 in Taiwan to over 0.90 in Mexico 
and the United States. For the United States, the Capps and Williams study 
concluded that the demand for synthetic fiber textiles is slightly more in-
come inelastic (0.60) than is the case for cotton fiber textiles (0.92). Given 
that the estimated income elasticities of textiles are positive and less than 
unity in magnitude across all countries, the implication is that consumers 
consider textile goods to be necessities rather than luxury goods regardless 
of where they live.

Clements and Lan (2001) analyzed the pattern of world mill level de-
mand for cotton, wool, and chemical (synthetic) fibers. A distinctive feature 
of their analysis was the use of the systemwide approach to model jointly 
the demand for the three fibers. Much of the previous research had rested on 
the use of single-equation demand functions. The benefit of the systems-wide 
approach is the ability to capture the demand interrelationships among the 
fibers in a theoretically satisfactory way. Using data for various OECD coun-
tries for the periods 1974 and 1992, Clements and Lan (2001) estimated 
the (compensated) own-price elasticities to be –0.136 for cotton, –0.020 for 
wool, and –0.155 for chemical fibers. They found the world demand for 
each of the fibers is quite inelastic at the mill level. They also found the in-
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come elasticities of the mill demand for cotton to be 0.803, 0.532 for wool, 
and 1.304 for chemical fibers. The implication is that consumers consider 
wool and cotton to be necessities, whereas chemical or synthetic fibers are 
viewed as luxuries. Finally, they estimated the cross-price elasticities to be 
in the range of 0.001 and 0.006 between cotton and wool, in the range of 
0.135 and 0.152 between cotton and synthetic fibers, and in the range of 
0.003 and 0.014 between wool and synthetic fibers. Hence, all three fibers 
are viewed as weak substitutes at the mill level. 

Except for the Clements and Lan (2001) study, little other research has 
focused on estimating the own-price, cross-price, and income elasticities for 
wool, either domestically or globally. This information is critical to ensure 
a proper picture of the demand situation for wool in the United States. 
Demand analyses involving wool, cotton, and synthetic fiber are necessary 
both at the mill level and at the retail level. 

Wool Market Prices and Pricing

Wool and lamb meat are the key products of sheep production and 
by and large are complementary products. According to Babula (1996), 
increased domestic lamb quantities historically have led to increased wool 
quantity and lower domestic wool prices as more lambs are shorn. Likewise, 
increased domestic lamb prices historically have led to decreased quanti-
ties of and higher prices for U.S.‑produced wool as fewer ewe lambs are 
slaughtered and shorn. 

Price-Determining Factors 

Wool market pricing is based on the physical characteristics of wool as 
determined by the objective measurements discussed earlier, including fiber 
diameter, variability of fiber diameter, clean wool yield, staple length, staple 
strength, quantity and type of vegetable matter, and number of black fibers 
present. The price for wool received by growers is also affected by the extent 
of grower preparation of wool for market and the method of sale. Wool 
market price quotes are on a clean wool basis, with fiber diameter, staple 
length, and staple strength being the primary factors affecting market price 
of clean wool. Other factors such as vegetable matter content and other 
contaminants can result in price discounts.

World wool market prices are primarily established by Australian mar-
ket prices due to their dominance in world wool markets. Australia produces 
approximately 50 percent of the world’s wool sold at auction. Although 
Australian Wool Exchange (AWEX) weekly wool market price quotes are 
based on AUS cents/kg for clean wool across micron grades, money trans-
fers by wool buyers are usually based on U.S. dollars. The exchange rate 
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of the U.S. and Australian dollars, therefore, can have a major impact on 
world market prices and sales. Wool prices in most countries are based on 
Australian export prices as adjusted for wool type, quality standards for 
preparation and marketing, adequate buyer network and wool supplies for 
a competitive market, and distance (freight costs) to processors and end 
users (Wilcox, 2007).

U.S. wools have historically sold at substantial discounts to Australian 
wools of comparable micron and quality for various reasons, including su-
perior Australian marketing standards, uniformity of larger volumes of wool 
within grades and types, and the fact that Australia is closer to the major 
Asian processors of wool than the United States. The most recent complete 
annual data on comparative wool prices are for 2005 and indicate that U.S. 
wool prices range from a little over 60 percent to nearly 75 percent of im-
ported Australian wool prices depending on the micron grade (Table 5-4).

In addition to those mentioned above, an additional factor contributing 
to the differences in U.S. and Australian wool prices is the difference in the 
marketing windows in the two countries. The largest volume wool sales in 
Australia are normally in the first 3 months of the year, declining in volume 
from mid-April through the end of formal sales in August. Prices tend to 
decline as volume declines and as buyers fill their orders. The peak sale 
months for wool in the United States are from mid-April through mid-June 
when prices normally decline in Australia and some buyers may have filled 
their orders. Market trends in 2007 were an exception to the normal market 
expectations. As the market year progressed in Australia, both number of 
sheep shorn and fleece weights clearly were lower than in previous years and 
the demand for quality wools was solid. As a result, market prices increased 
almost every week from early January through June 1, 2007. Prices in the 
U.S. wool market in mid-2007, with most wool sold from April through 
June, were estimated by U.S. markets to be 25 to 35 percent higher than 
the previous year, suggesting that U.S. market prices were no more than 10 

TABLE 5-4  Average Prices (U.S.$/Kg) of U.S. Wool and Imported 
Australian Wool, Cleaned and Delivered to Charleston, SC, by Micron 
Grade, 2005

Country

Micron Grade

19 21 23 25 Total Clip Ave.

Australia   7.01   5.87   5.60   4.98 5.45
United States   5.03   4.32   3.88   3.11 3.75

U.S. as a % of Australian price   71.6   73.7   69.2   62.3 68.4

Source: Based on data from McDonnell (personal communication).
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to 15 percent lower than Australian prices at that time. World wool market 
analysts predict that wool prices will likely remain at their current near 
record highs for the next 2 to 3 years due to reduced raw wool supplies, 
with the only concern being that continued price increases may encour-
age substitution of other lower-cost fibers for wool in apparel garments 
(WOOLNEWS.net, 2007).

The Effect of Market Preparation Method on Wool Prices

As mentioned earlier, U.S. wool producers have lagged those in other 
major producing countries in both preparing their wools for sale and in 
classing their wool in accordance with international standards. Given that 
Australian wool prices are usually higher than U.S. wool prices (for similar 
types) as shown by Hager (2003) and given that some Australian wool is 
quite similar to some U.S. wool, an important question for U.S. wool pro-
ducers is whether these price differences are due to differences in the extent 
of preparation of wool for marketing. Kott (1997) contended that maximiz-
ing the returns to wool production requires producers not only to grow the 
wool but also to harvest and package the wool properly and then market it 
properly. If that is the case, then the question is how much of a premium, if 
any, is received for skirted and classed wools, as typically sold by Australian 
producers, as compared to OB wools as typically sold by U.S. producers. 

Lupton et al. (1989) conducted some of the earliest research on the 
effects of skirting and classing on wool prices and concluded that skirting 
could be profitable when applied to fine-wool fleeces when prices are at 
high levels. They also concluded that the financial incentive to skirt wool 
fleeces is reduced as wool prices decrease, as skirting costs increase, and 
when wool is most coarse. Lupton et al. (1996) compared clean prices of 
skirted and classed wool to OB wool over a 4-year period ending in 1996 
using Texas Agricultural Experiment Station sheep flocks in San Angelo, 
Texas. They found that skirted and classed wool prices were higher by 
6.6 percent to 26.9 percent per year over OB wool (equivalent to $0.19 to 
$0.42 per kilogram). The potential to add value to wool by skirting and 
classing is attributed to the fact that less sorting of skirted and classed wool 
is required when the wool clip reaches the textile mills. The resulting labor 
cost savings then could be passed back to producers in the form of higher 
prices. Pfeiffer and Lupton (1999), however, found that skirted and classed 
wool may not produce more net income to producers than selling wool in 
OB form. Another factor to be considered is the way wool is presented to 
buyers. One experiment conducted by Lupton et al. (1993) presented buy-
ers with subjective measurements for all wool lots. Objective measurements 
were available on only half the lots. The wool lots that were accompanied 
by objective measurements consistently received higher prices. 
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Hedonic Wool Price Analysis

Given the less than conclusive results of past research and the impor-
tance of the issue to the profitability of wool production, a hedonic price 
model was developed (Hager, 2003; Anderson et al., 2007) to test the 
hypothesis that skirting and classing wool generally produce higher prices 
compared to OB wool. The model measures the premiums/discounts among 
different levels of preparation and wool types, controlling for seasonality, 
year, region, average fiber diameter (AFD), and grease weight (GW, lot size). 
The data for the analysis came from a comprehensive survey sent to wool 
warehouses and pool sales across the United States.� The data included 
8,589 observations on skirted and classed as well as OB wool sales over a 
10-year period starting in January 1993 and ending in January 2002. Clean 
wool prices were gathered, noting region, season (month of year), year, wool 
preparation, wool type, AFD, and GW.

The United States was divided into three regions for the analysis: (1) 
Eastern, (2) Central, and (3) Western. The Eastern region included all states 
east of the Mississippi River. The Central region was separated from the 
Western region by a line that ran west of the Dakotas, Nebraska, Kansas, 
and New Mexico. The regions were chosen on the basis of demographic 
and market attributes. The Eastern market usually consists of smaller vol-
umes of wool. Eastern producers have few market outlets except in niche 
areas. The wool produced in this region typically is variable in quality and 
style. In the Central region, generally more uniform wool in terms of qual-
ity, style, and quantity is produced. In this region, most producers raise 
sheep on privately owned land. Marketing outlets are well established in 
the Central region, and producers, warehouse operators, and buyers have 
well-established relationships.

Nearly 80 percent of the data observations were associated with the 
Central region, about 18 percent with the Western region, and roughly 3 
percent with the Eastern region (Table 5-5). The data were separated into the 
three primary levels of preparation: (1) OB, (2) BOU, and (3) TSC. About 
23 percent of the wool sold was identified as OB, 56 percent as BOU, and 
21 percent as TSC. The data included sales of 17 different types of wool. 
The highest percentage of the wool sold (slightly more than 60 percent) was 
identified as in the Wool Breed, Main Line category. Nearly 9 percent of the 
observations were associated with the Tender category (fiber content not 
strong and easily broken) or the Short Line category (staple length shorter 
than three inches). Wool Breed Bellies and OB Wool Breeds each constituted 
about 7 percent of the wool sales. Bellies are inferior wool sheared from the 
belly of the sheep. 

�The data for those groups surveyed without the resources to respond to the survey were 
collected from them by the research team. 
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TABLE 5-5  Number of Wool Lots Processed by Warehouses and Pools 
Surveyed by Region, Year, Level of Preparation, and Wool Types, January 
1992 to January 2002

Number of Lots Processed %

Region
	 Western
	 Central
	 Eastern

1,555
6,762

281

18.1
78.3

3.3
Year
	 1990
	 1991
	 1992
	 1993
	 1994
	 1995
	 1996
	 1997
	 1998
	 1999
	 2000
	 2001
	 2002

1
7
5

434
426
436
408
537
657
821

1,630
1,447
1,768

0.0
0.1
0.1
5.1
5.0
5.1
4.8
6.3
7.7
9.6

19.0
16.9
20.6

Level of Preparation
	 Original Bag (OB)
	 Bellies Out Untied (BOU)
	 Table Skirted Classed (TSC)

1,941
4,812
1,836

22.6
56.0
21.4

Wool Type
	 Wool breed (wool type from BOU and TSC)
		  Main line
		  Tender or short line
		  Bellies
		  Pieces
		  Stains
		  Locks
		  Clothing
		  Main line lamb
	 Meat breed
		  Main line
		  Bellies
	 Wool types from OB
		  Wool breeds
		  Meat breeds (white face)
		  Meat breeds (black face)
		  Hair or cross bred
		  Wool breed lamb
		  Meat breed lamb
		  Black

5,305
736
606
146

78
446

77
220

133
1

577
100

91
42
18

3
10

61.8
8.6

37.1
1.7
0.9
5.2
0.9
2.6

1.6
0.0

6.7
1.2
1.1
0.5
0.2
0.0
0.1

Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness Market 
Research Center), Texas A&M University. Used with permission.
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Some of the original 8,589 observations were eliminated from further 
consideration in the analysis, including those for operations outside the 
Western, Central, and Eastern regions. Also, those corresponding to the 
years 1990, 1991, and 1992 were eliminated since data for those years 
were not available consistently across all respondents. Missing observations 
pertaining to U.S. clean price, average fiber diameter, and grease weight (lot 
weight) were discarded as well. Thus, the number of useable observations 
for the analysis was 8,533.

The model postulates that premiums and discounts associated with the 
wool price received by growers are determined by the level of preparation 
method and the wool type, controlling for region, year, season, AFD, and 
GW (lot size).� Past research considered prices only to be a function of wool 
preparation. The hedonic wool price model accounts for the three most 
prevalent levels of preparation (OB, BOU, and TSC) and various wool types, 
including wool from wool breeds (main line, tender or short line, bellies, 
pieces, stains, locks, clothing, and main line lamb); wool from meat breeds 
(main line and bellies); and wool from OB (white-face and black-face meat 
breeds, hair or cross bred, wool breed lamb, meat breed lamb, and black). 
The model explains about 83 percent of the variation in U.S. wool prices. 
The detailed estimation results, including the estimated coefficients and 
their associated p-values, are provided in the Appendix (Table 5A-1). The 
following is a summary of the key results.

Seasonal Effects

The months of April, May, July, and August were not significantly dif-
ferent from the base month of September. The month corresponding to the 
highest U.S. clean prices was June, roughly 8 percent higher and statistically 
different than those of September (Figure 5-4). Wool prices received by 
producers also were higher in May and July relative to September but not 
significantly so. In accordance with prior expectations, wool prices received 
by producers from January to March as well as from October to December 
were significantly lower than those in September. The range of differences 
was from 5.9 percent lower in March to 17.4 percent lower in January. 
Unequivocally, seasonality in U.S. clean prices for wool is evident. 

Yearly Effects

Consistent with prior expectations, U.S. clean wool prices were highest 
in 1995 and 1997 (Figure 5-5). Controlling for other factors, prices in 1995 

�Details on the model specification and estimation results are provided in the appendix to 
this chapter.
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were significantly higher by 17.7 percent relative to the base year of 1997. 
Prices in all remaining years from 1993 to 2002 were significantly lower 
relative to the base year of 1997. Annual price differences ranged from 11.8 
percent lower in 1996 to 52.2 percent lower in 2000.

Regional Effects

As expected, U.S. clean wool prices received by producers were dis-
counted by 7.9 percent and 9.8 percent, respectively, in the Eastern and 
Western regions relative to those in the Central region (Figure 5-6). Clearly, 
regional price differences were evident.

Effects of Level of Preparation

In line with most prior research studies, prices of TSC wool were sig-
nificantly higher than OB wool by slightly more than 8 percent (Figure 5-7). 
Although prices of BOU wool were higher by about 2 percent relative to OB 
wool, this difference was not statistically different from zero. Importantly, as 
the level of preparation of wool increases, U.S. clean wool prices increase. 

Fig 5-04.eps
bitmap image

FIGURE 5-4  Percentage difference in U.S. clean wool price by month relative to the 
base month of September.
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission.
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Fig 5-05.eps
bitmap image

FIGURE 5-5  Percentage difference in U.S. clean wool price by year relative to the 
base year of 1997.
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission.

Fig 5-06.eps
bitmap image

FIGURE 5-6  Percentage difference in U.S. clean wool prices by U.S. region relative 
to the base region of the Central United States.
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission.
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Effects of Wool Type

As expected, U.S. clean prices of TSC and BOU Main Line wool were 
higher by 23.5 percent over the base category of OB wool breed (Figure 
5-8). U.S. clean prices of TSC and BOU clothing and main line lamb also 
were higher by 22.0 percent and 15.4 percent, respectively, over OB wool 
breed. Wool prices of TSC and BOU bellies, pieces, stains, and locks, all 
lower‑quality types, were discounted from slightly more than 25 percent 
for bellies to slightly more than 6 percent for locks relative to prices of OB 
wool breeds, the reference category.

Significant differences in wool types from OB were evident as well. Rela-
tive to prices associated with the base wool type (wool breeds from OB), 
prices of other wool types from OB were significantly lower, ranging from 
roughly 16 percent lower for wool breed lamb to nearly 70 percent lower 
for black wool (Figure 5-9). Prices of OB wool breed and those from meat 
breeds, either main line or bellies, were not statistically different. Clearly, 
U.S. clean prices differ significantly among wool types with relatively large 
premiums and discounts among wool types relative to OB wool breed 
types.

Fig 5-07.eps
bitmap image

FIGURE 5-7  Percentage difference in U.S. clean wool price by level of preparation 
relative to the base preparation of original bag (OB).
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission. 

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


276	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES
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FIGURE 5-9  Percentage difference in U.S. clean wool price by wool breed types relative 
to the base OB-wool breed.
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness Market 
Research Center), Texas A&M University. Used with permission. 

FIGURE 5-8  Percentage difference in U.S. clean wool price by wool types relative 
to the base OB-wool breed.
Source: Anderson et al. (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission.
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Effects of Average Fiber Diameter

As hypothesized, U.S. clean prices and AFD were negatively related 
(Figure 5-10). The elasticity of clean price to AFD was estimated to be 
–1.416, meaning that, controlling for all other influences on clean prices, 
a 10 percent change in AFD (e.g., a change from the sample mean of 22 
microns to either 20 microns or 24 microns) leads to nearly a 14.2 percent 
change in price in the opposite direction (e.g., a change from the sample 
mean of $2.98/kg to either $2.56/kg or $3.40/kg). Thus, U.S. clean wool 
prices are highly sensitive to changes in AFD.

Lot Size Effects

Again, as hypothesized, clean wool price and lot size, as measured by 
GW, were positively related (Figure 5-11). The elasticity of clean price to 

Fig 5-10.eps
bitmap image

FIGURE 5-10  Relationship between U.S. clean wool price and average fiber diameter 
based on the sample of 8,533 observations �������������������    (1 lb = 0.4536 kg).
Source: Anderson et al. ����������������������������������������������������      (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission. 
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GW was estimated to be 0.0162. Hence, a 10 percent change in lot size (e.g., 
a change from the sample mean of 3,851 kg to either 3,465 kg or 4,237 kg) 
leads to a 0.16 percent change in clean wool price. Although, this elasticity 
is statistically significant, practically speaking, U.S. clean wool prices were 
not heavily influenced by lot size.

These results provide a basis for determining premiums or discounts 
relative to the current practice of marketing OB wool. Clearly, producers 
who do minimal preparation of their wool prior to sale are losing substantial 
premiums paid for wool that has been more prepared for sale. Certainly, 
the type of wool sold also makes a difference in the price received for wool 
by producers. The TSC and BOU clothing and main line lamb receive sub-
stantial premiums over OB wool breed.

Unfortunately, the U.S. wool industry has no consistent means of 
recording lot descriptions and sales to provide a consistent dataset for 

Fig 5-11.eps
bitmap image

FIGURE 5-11  Relationship between lot size as measured by grease weight and U.S. 
clean wool price based on the sample of 8,533 observations �������������������    (1 lb = 0.4536 kg).
Source: Anderson et al. ����������������������������������������������������      (2007). Copyright 2007 by TAMRC (Texas Agribusiness 
Market Research Center), Texas A&M University. Used with permission.

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


THE U.S. WOOL INDUSTRY	 279

calculating premiums and discounts available for wool of differing charac-
teristics. Some warehouses and pools only keep subjective descriptions of 
wool characteristics while others maintain records on objective measure-
ments of wool. Additionally, historical records are not always kept, or, if 
kept, they are not maintained efficiently with a consistent database system 
across warehouses and pools. Moreover, disclosure concerns keep some 
warehouses and pools from being willing to share information pertaining to 
sales. Additional information on factors for which records are generally not 
maintained, such as vegetable matter content, staple length, staple strength, 
and fiber color, are likely also to be important in determining the premiums 
paid and discounts deducted from U.S. wool prices. 

WOOL POLICIES AND REGULATIONS

The first effort by the government to support the domestic wool industry 
was included in the provisions of the Buy American Act of 1933. That act 
required manufacturers of worsted goods for the U.S. Army to use domestic 
wools if available in grades needed and not unreasonably higher in price 
than foreign wools (Hyson, 1947). In 1940, as World War II loomed closer, 
the army began placing large orders for military fabrics containing wool. 
When domestic supplies proved insufficient to meet military needs in late 
1940, the government began allowing the use of some imported wool.

The principal government policy in support of the U.S. wool industry, 
however, came as the result of intense lobbying by wool producers, market-
ers, and manufacturers in the 1950s, which spurred the U.S. Congress to 
commission various studies of the U.S. wool industry. A primary conclu-
sion of the studies was that imports of low‑cost wool yarns, fabrics, and 
apparel goods were causing significant damage to domestic wool processing 
and manufacturing industries (National Wool Growers Association, 1965). 
The studies precipitated the passing of the National Wool Act in 1954 (P.L. 
102-130), which was signed into law by President Eisenhower. The rationale 
for the support of wool production rested on the premise that wool was 
“an essential and strategic commodity” that was not produced in sufficient 
quantities to meet domestic needs.

The National Wool Act increased tariffs on all wool and woolen prod-
ucts from $0.116/kg to $0.19/kg clean wool and established an incentive 
payment program for growers to be paid out of wool tariff revenues (USDA, 
1999). The incentive portion included the establishment of a target price 
for raw wool and a payment to producers on the basis of the percentage 
difference between the national average market price and the target price. 
As a result, producers of better wool clips that earned higher market prices 
than inferior clips received larger incentive payments.

In 1955, Congress authorized a “self-help” program to permit growers 
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to check-off funds from their incentive payments to be used to improve the 
production of lamb and wool and promote improved marketing of lamb 
and wool products to consumers. The authorization required that a sheep 
producer referendum be conducted that had to be approved by at least 
two-thirds of the sheep producers who owned at least two-thirds of the 
sheep in the United States. The referendum passed in 1956, resulting in 
the development of the American Sheep Producers Council with funding 
and management oversight through the USDA (National Wool Growers 
Association, 1965).

Despite the incentive payments to growers, U.S. sheep numbers contin-
ued to decline from the highs achieved in the 1940s, as noted in Chapter 
1. In the early 1990s, President Clinton requested that Congress repeal 
the National Wool Act. In response, Congress approved a phaseout of 
the program over a 2-year period beginning in 1992, ending 42 years of 
federal support to the U.S. wool industry (USDA, 1999). Wool production 
declined markedly after incentive payments were terminated in 1994. The 
wool share of total revenues from sheep production fell to only about 10 
percent after the termination of the Wool Act compared to 20–25 percent 
in years when the Wool Act was in force. Over the life of the Wool Act, the 
incentive payments to growers were less than imported wool tariff revenues. 
Because the tariffs on imported wool were not repealed when the Wool Act 
was terminated in 1994, the wool tariff revenues were diverted to the U.S. 
Treasury general fund.

To investigate the market implications of the Wool Act, Whipple and 
Menkhaus (1990) developed an econometric simulation model that ac-
counted for the jointness of lamb meat and wool production. They found 
that between 1960 and 1985, the wool incentive program had a number of 
positive effects on wool and lamb markets over what would have been the 
case in the absence of the program, including (1) 26 percent more sheep in 
the national breeding flock, (2) 29 percent more production of wool, (3) 17 
percent more lamb production, (4) 30 percent more producer revenue from 
lamb and wool, (5) 23 percent lower lamb imports, (6) 6 percent lower 
wool imports, (7) 14 percent more lamb consumption, and (8) slightly more 
(about 1 percent) wool consumption.

On the negative side for producers but on the positive side for consum-
ers, Whipple and Menkhaus (1990) found that that as a result of the pro-
gram, the retail price of lamb was 7 percent lower and the wholesale price of 
wool 3 percent lower than would have been the case without the program. 
The lower prices led to several other effects on the demand side of the wool 
market, including (1) 8 percent lower consumer lamb expenditures, (2) 9 
percent lower consumer wool expenditures, (3) nearly 10 percent lower rev-
enue accruing to lamb exporters, and (4) 5 percent lower revenue accruing 
to wool exporters. Importantly, government costs associated with the Wool 
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Act were in excess of $100 million. The Whipple and Menkhaus (1990) 
analysis concluded that the Wool Act had positive net benefits for lamb and 
wool consumers as well as sheep and lamb producers. Interestingly, they also 
concluded that the gains to lamb and wool consumers exceeded the gains 
to sheep and lamb producers as a result of the program. Lamb and wool 
exporters, on the other hand, suffered losses. Because of the rather sizeable 
increase in government costs associated with the incentive program, they 
estimated that the net national welfare effect of the Wool Act was a loss of 
between $25.7 million and $43.4 million. 

In 1974, the United States entered into the MFA with other developed 
textile‑importing countries and developing textile‑exporting countries. 
Beginning in the 1930s, the United States and other developed textile‑im-
porting countries established a growing number of quotas and other re-
strictions on textile imports from Japan, Hong Kong, Pakistan, India, and 
other developing countries. The MFA pulled together all these restrictions 
into one multilateral agreement and established import quotas for specific 
countries and products when imports threatened to disrupt domestic fiber 
markets (MacDonald and Vollrath, 2005). Under the MFA, quotas were 
set to increase annually at a target of 6 percent, although lower rates were 
often negotiated with major textile exporters. As discussed earlier, the MFA 
was replaced by the WTO ATC in 1995, which established a schedule for 
eliminating the MFA quotas and lowered textile and clothing tariffs. 

According to MacDonald and Vollrath (2005), the MFA increased 
textile and clothing production, reduced prices for clothing, and lowered 
textile consumption in the United States, the European Union (EU), and 
other developed textile‑importing countries. They indicate that the MFA 
quotas added 5 to 10 percent to clothing prices paid by U.S. consumers. The 
phased elimination of the MFA quotas under the ATC has had the opposite 
effect, allowing greater imports of wool and other fiber textile imports and 
leading to lower prices and production along the fiber and textile supply 
chains in the United States and other textile‑importing countries. China and 
other textile‑exporting countries have benefited from the elimination of the 
MFA with increasing textile production and prices. 

Established by the U.S. Congress in 2000, the American Wool Trust 
has provided $9 million in funding through 2006 for activities aimed at 
increasing the competitiveness of American wool. The trust is administered 
by the ASI Wool Council, which includes representatives from the produc-
tion, research, marketing, processing, manufacturing, and merchandising 
sectors of the wool industry. The trust supports producer communications, 
raw wool quality improvement, introduction of new raw wool measurement 
technologies to improve quality assurance for U.S. wools, product develop-
ment and new uses for wool, research to develop improved wool process-
ing technologies, improved market and price information, and improving 
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international marketing opportunities for U.S. wool. It also works closely on 
needs and new products for the U.S. military, which is the largest domestic 
user of American wool.

The Farm Security and Rural Investment Act of 2002 reinstated wool 
price supports through marketing assistance loans (MALs) and loan defi-
ciency payments (LDPs) for the 2002 to 2007 crop years (USDA, 2004). 
Commodity loan programs in general allow producers to receive a loan from 
the government at a commodity-specific loan rate per unit of production 
by pledging production as loan collateral. Wool and mohair nonrecourse 
MALs are 9-month loans that provide production financing to wool produc-
ers and facilitate the orderly marketing of wool throughout the year. The 
loan rates for 2002–2007 are $2.20/kg for graded wool and $0.88/kg for 
nongraded wool.

Instead of selling the wool and mohair immediately after shearing, a 
nonrecourse loan allows a producer to store the production, pledging the 
wool as collateral. The producer can then redeem the loan and sell the 
commodity when market conditions are more favorable in order to secure 
a higher market price. If the producer is unable to repay the loan, he or 
she can deliver the quantity of wool or mohair pledged as collateral to the 
USDA Commodity Credit Corporation (CCC) as full payment for the loan 
at maturity regardless of the market value of the wool at the time. In this 
way, marketing loans are repaid at less than principal plus accrued interest 
and other charges, with repayment of some portion of the relevant interest 
and principal being waived (USDA, 2004). Producers may also purchase 
commodity certificates and exchange a commodity certificate with outstand-
ing loan collateral in repayment of marketing assistance loans. Commodity 
certificates are negotiable certificates that the CCC can exchange for a com-
modity owned or controlled by the CCC. 

Instead of obtaining a loan on graded or ungraded wool, producers may 
request LDPs that are payable at the loan rate that would have been received 
for the lot of wool, less the announced repayment amount for wool of that 
quality (USDA, 2004). Loan deficiency payment rates for nongraded wool 
have ranged from $0.29/kg to $0.41/kg in 2007, with only wool finer than 
20 microns eligible for the higher-graded wool rate. Unshorn pelts also are 
also eligible to receive a loan deficiency payment of $0.88/kg.

The United States is not the only wool‑producing country to provide 
price support for producers. Price support programs in Australia, New 
Zealand, and South Africa set wool prices well above market levels, lead-
ing to growing world stockpiles in the 1980s and early 1990s. During the 
1990s, however, these stockpiles were gradually placed on the world mar-
ket. Along with the collapse of the former Soviet Union in the early 1990s, 
which contributed to a notable decline in wool demand, and the repeal of 
the U.S. National Wool Act, the release particularly of Australian wool from 
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government stockpiles by the Australian Wool Council (AWC) depressed 
world wool prices from about 1995 through 2000. With the liquidation 
of the Australian stockpiles in August 2001, wool prices began to rebound 
(Figure 5-12).

MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES OF THE U.S. WOOL INDUSTRY

With the major transitions that have occurred in the sheep industry over 
time, the reductions in domestic wool manufacturing, changing consumer 
tastes and preferences, and the shift of textile manufacturing to China, India, 
and the developing economies in Eastern Europe, the U.S. wool industry 
has been under siege and in an almost constant state of adjustment. The 
industry has made some progress, however, in responding to these pressures 
and faces a number of opportunities. The industry still faces many chal-
lenges as noted by several industry representatives in response to a survey 
requesting their input on the key opportunities and challenges facing the 
U.S. wool industry.

Fig 5-12.eps
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FIGURE 5-12  U.S. farm price of wool, 1965–2005.
Note: 1 lb = 0.4536 kg.
Source: Based on data in USDA (2006). 
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Major Accomplishments of the U.S. Wool Industry

•	 Increases in wool preparation to international standards. The An-
derson et al. (2007) hedonic wool price analysis reported that from 1992 to 
2002, an average of 26 percent of the wool was marketed as OB, 56 percent 
as BOU, and 21 percent as TSC. The 2007 survey of major wool warehouses 
as presented in Table 5-1 reported that most warehouses received < 15 per-
cent of their wool from growers as OB, 40 to 75 percent as BOU, and 30 to 
50 percent as TSC. Several of the warehouses also reported that a significant 
portion of the wool in the BOU category had some of the tags, skirts, and 
vegetable matter removed even though it was not TSC. These data clearly 
indicate grower response to market premiums for improved preparation 
and from producer education programs sponsored by the American Wool 
Trust.

•	 New research and product developments. Industry support for 
collaborative research with funding from the American Wool Trust, U.S. 
military research laboratories, other federal research grants, and private 
industry have resulted in fabrics and garments that are machine washable, 
more breathable, and less prickly when worn against the skin; shrinkproof; 
and flame resistant. Research has also demonstrated the value of wool 
blends with cotton and certain synthetic fabrics (ASI, 2007c). 

Major Opportunities and Challenges Facing the U.S. Wool Industry

To get a sense of the opportunities and challenges facing the wool in-
dustry from an industry perspective, a questionnaire was sent to several key 
leaders in the wool industry, including market analysts, wool warehouse 
and wool pool managers, major wool buyers for domestic and international 
markets, key wool research scientists and extension specialists, and key pro-
ducers. While the sample was by no means representative of all participants 
in the wool industry at all levels in terms of demographics or other charac-
teristics, those who responded to the survey are among the most knowledge-
able in the wool industry about how the industry functions and where it is 
headed.� According to the survey respondents, the following are among the 
most important opportunities currently facing the U.S. wool industry:

�The following 10 people responded to a questionnaire on challenges and opportunities for 
the future of the wool industry: (1) Ronald L. Cole, USDA AMS Livestock & Grain Market 
News, Greely, CO; (2) Mike Corn, manager and co-owner, Roswell Wool, Roswell, NM; (3) 
Glen Fisher, wool warehouseman (Ret.) and industry leader, Sonora, TX; (4) Dr. Rodney Kott, 
extension sheep and wool specialist, Montana State University, Bozeman, MT; (5) Dr. Chris 
Lupton, wool research scientist, San Angelo Research and Extension Center, Texas A&M Uni-
versity; (6) Tom McDonnel, McDonnel & Associates, Douglas, WY; (7) Ron Pope, manager, 
PMCI Wool Marketing, Mertzon, TX; (8) Larry Prager, Manager, Center of the Nation Wool, 
Belle Fouche, SD; (9) Dr. Robert Stobart, sheep and wool scientist, University of Wyoming, 
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•	 International demand growth. Growth in the wool textile industries 
in China and other developing countries is also helping spur growth in 
income and purchasing power in these countries and a growing internal 
demand for wool apparel goods. International market development activi-
ties could help widen the market for U.S. wool textiles in these growing 
markets. As incomes increase in these countries, the demand for apparel 
and other wool textiles could well outstrip their ability to both export and 
fill their growing internal demand. Market development activities could ef-
fectively introduce a broader array of consumers in those markets to U.S. 
wool textiles through the efforts of the American Wool Trust with funding 
through the USDA Foreign Agriculture Service, along with the efforts of 
other groups to attract additional foreign buyers and provide technical as-
sistance and training to U.S. wool producers, marketing organizations, and 
textile manufacturers.

•	 Grower price premiums from improved wool clip preparation. Al-
though the percentage of U.S. wool that is prepared for market according 
to international market standards has increased, a tremendous opportunity 
exists for producers to significantly enhance their returns to wool produc-
tion by dedicating more time and effort to further preparing their wool. 
Research presented here suggests that producers can receive an 8 percent or 
higher price premium by table skirting and classing their wool, rather than 
marketing it as OB wool. Some reputation clips that have been using TSC 
for ≥ 5 years are receiving 25 percent or higher premiums for their wool.

•	 New research developments. A number of new research develop-
ments provide some promise of greater competitiveness and profitability 
in the wool industry, including the Kroy superwash process and enzyme 
research, which has produced machine‑washable wool fabrics that are 
shrinkproof and more user friendly and can encapsulate wool with resins 
to develop breathable, waterproof, stain‑repellant, machine‑washable gar-
ments for the U.S. military. Other promising research results include refined 
wool‑carded battings for use as sound absorption in automobiles and new 
wool products for the U.S. military in collaboration with U.S. military re-
search laboratories.

•	 Retail wool advertising. Important opportunities may exist for ad-
ditional advertising of wool at the retail level that emphasizes that wool is 
a natural product and renewable resource from sheep that can be used to 
enhance the environment through targeted or prescribed grazing practices 
to control invasive nonnative plant species. Other strengths of wool fabrics, 
such as their flame resistance and their use in blends to enhance synthetic 
fiber products, could be effective as well.

•	 Niche market growth. Although not potentially as great as emerging 

Laramie, WY; and (10) Don Van Nostran, general manager, Mid States Wool Growers Coop-
erative, Canal Winchester, OH.

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


286	 CHANGES IN THE SHEEP INDUSTRY IN THE UNITED STATES

ethnic lamb markets, specialty wools for hand spinners, yarn for weav-
ers and knitters, and other wools such as naturally colored wools have a 
small but growing market. Emphasis in this market is on natural products 
with increasing interest in organically grown wools. Wool may be sold as 
individual fleeces, yarn, fabric, or finished products. Mini-mills, ranging in 
one-time capacity of 20 to 100 tonnes clean wool, with products from yarn 
to fabric or finished products such as sweaters, blankets, and other apparel 
goods, represent a growing new market for wool (see Chapter 7).

The industry also faces many challenges for the future, among which 
are the following suggested by the survey respondents:

•	 Re-invigorating the industry. The decline in sheep numbers over the 
last several decades has been accompanied by reductions in wool marketing 
entities and related infrastructure. The result has been fragmented selling 
systems, fewer domestic wool buyers, distance-to-market challenges for 
producers, reduced numbers of buyers, and greater concentration of the 
wool processing industry. If the industry is to avoid further downsizing and 
to achieve some growth, either new market opportunities will need to be 
found or effective means of enticing current consumers to purchase more 
lamb and wool (or some of both) will be necessary.

•	 Easing the shortage of qualified sheep shearers and wool classers. 
A worldwide shortage of qualified sheep shearers is becoming a limiting 
factor for many producers wishing to implement or expand their sheep 
enterprises. Proper shearing and wool classing by trained professionals is 
critical to achieving maximum value from a wool fleece. The sharp decline 
in U.S. sheep numbers, however, has also drastically reduced the number of 
shearers and discouraged many from learning the trade. The industry has 
compensated over the years by bringing in qualified shearers from Austra-
lia and elsewhere in their off-season to harvest the wool from U.S. sheep. 
However, this practice has become less common in recent years because of a 
growing shortage of shearers in those countries and the difficulty of obtain-
ing the necessary work visas in a timely manner for foreign sheep shearers 
in the post-9/11 era. New requirements and delays in obtaining work visas 
for sheep shearers and H2A visas for sheep herders are a major challenge for 
producers and shearing crew operators. Australia and New Zealand have 
developed coordinated training and certification programs for shearers to 
improve or maintain the quality and value of the wool fiber harvested from 
their sheep. For example, AWI is spending about $13 million over 3 years 
to improve the training of shearers and develop better shearing technology 
in a bid to stop a massive shearer shortage in that country. While various 
shearer training programs are also available in this country, a major chal-
lenge is enticing people to become wool harvesting professionals through 
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enhanced promotion and training of sheep shearing and wool classing as 
occupations with financial support to trainees and producer hosts of training 
programs. 

•	 Encouraging growers to prepare their wool to international market 
standards. The income earned from wool by sheep producers currently 
ranges from < 5 percent to 30 percent of their gross income from sheep 
production. Although many progressive producers are committed to pro-
ducing a quality wool clip, most generally view wool as a byproduct and 
are more committed to increasing lamb production since this is their major 
income source. Increasingly in the future, competing in international mar-
kets and obtaining competitive prices for wool will require U.S. growers to 
produce, harvest, prepare, and market their wool to international standards. 
Encouraging growers in this direction is one of the primary educational chal-
lenges for the industry leadership and organizations. Effective educational 
programs would emphasize the price determinant factors most critical to 
wool clip value and the ASI Code of Practices for Wool Clip Preparation.

•	 Reducing the contamination from hair sheep breeds. As some grow-
ers turn from wool breeds to hair breeds, a continuing challenge for the 
wool clip is contamination with hair, kemp, and colored fibers in the process 
of grading up from traditional breeds to hair sheep breeds through mating 
hair breed males to traditional wool breed females, which normally requires 
three to four generations (e.g., ½, ¾, etc.).

•	 Increasing support for wool research and development. As national 
sheep inventories have declined, research support for the industry has de-
clined and focused increasingly on lamb rather than wool production and 
marketing. Additional research support is critically needed in a number of 
areas in the wool industry, including (1) genetic improvement of the range 
maternal breeds for increased production of both wool and lamb; (2) im-
provements in marketing standards to enhance the competitiveness of U.S. 
wools with those of Australia and other major wool producing countries; 
(3) new wool product development to meet changing consumer needs and 
growing challenges from competing fibers; (4) collaboration with military 
research and product development programs; (5) the use of bioclip chemical 
defleecing as an alternative to shearing in the United States; and (6) research 
focusing on own-price, cross-price, and income elasticities for wool both 
domestically and internationally to support pricing, promotion, policy, and 
other strategic decision making in the industry. Demand analyses involving 
wool, cotton, and synthetic fibers are necessary at both the mill and retail 
levels.

Survey respondents also suggested that several other issues will continue 
to challenge the future growth and development of the U.S. wool industry, 
including changing practices and regulations relative to public land sheep 
grazing permits, the impact of increasing private land market prices on sheep 
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production, and the decline in support for sheep research, education, and 
extension programs at the land‑grant universities and federal agencies. 
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APPENDIX

The Hedonic Wool Price Model

The statistical model employed in the analysis is given by the following 
equation:

log U.S. Clean Price it = α0 + α1January + α2February + α3March  
+ α4April + α5May + α6June + α7July + α8August + α9October  
+ α10November + α11December + α12YR1993 + α13YR1994  
+ α14YR1995 + α15YR1996 + α16YR1998 + α17YR1999 + α18YR2000  
+ α19YR2001 + α20YR2002 + α21WESTERN + α22EASTERN  
+ α23log AFDit + α24log GWit + α25OU + α26TSC + α27WT MAINLINE  
+ α28WTTENDERORSHORT LINE + α29WTBELLIES + α30WTPIECES  
+ α31WTSTAINS + α32WTLOCKS + α33WTCLOTHING  
+ α34WTMAINLINELAMB + α35WTMBMAINLINE  
+ α36WTMBBELLIES + α37WTOBMBWHITEFACE  
+ α38WTOBMBBLACK FACE + α39WTOBHAIRORCROSS BRED  
+ α40WTOBWOOLBREEDLAMB + α41WTOBMEATBREEDLAMB  
+ α42 WTOBBLACK + ei

where the variables in the model include the following:

January, February, etc.	 Seasonal dummy or indicator variables
YRyyyy	 Dummy variables corresponding to year yyyy
WESTERN, EASTERN	 Regional indicator variables
BOU, TSC	 Level of preparation indicator variables
AFD	 Average fiber diameter (microns)
GW	 Grease weight of the lot (pounds)

Wool-type indicator variables (wool breed (types from BOU and TSC), 
namely Main Line; Tender or Short Line; Bellies; Pieces; Stains; Locks; 
Clothing; and Main Line Lamb; Meat Breed, namely Main Line and Bellies; 
and Wool types from OB, namely Meat Breeds (White Face); Meat Breeds 
(Black Face); Hair or Cross Bred; Wool Bred Lamb; Meat Breed Lamb; and 
Black).

The base year and month for the analysis were chosen to be 1997 and 
September, respectively. The Central region was chosen to be the base re-
gion. The reference categories for level of preparation and wool type were 
Original Bag and Original Bag Wool Breeds. Original Bag corresponds to 
the lowest level of preparation and the Original Bag Wool Breed corresponds 
to the highest quality wool for the OB level of preparation. 

U.S. clean prices are hypothesized to be the highest in the third quarter 
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of the year when wool supply is less abundant. The majority of the world 
wool production is clipped and sold during the first and fourth quarters of 
the year. A large proportion of U.S. wool is clipped in April and May. U.S. 
wool prices are expected to be higher in 1995 and 1997 relative to other 
years. Prices in the Eastern and Western regions of the United States are 
expected to be lower compared to prices in the Central region. Marketing 
outlets for wool in the Central region have been well established relative to 
those of other regions. Also, more uniform wool in terms of quality, style, 
and quantity generally is produced in the Central region relative to other 
regions.

Importantly, BOU and TSC prepared wools are expected, a priori, to 
command a premium to OB wool. As well, BOU and TSC Main Line wool 
and BOU and TSC Tender or Short Line wool are expected to command a 
premium over wool types from OB. Further, average fiber diameter (AFD) 
is hypothesized to be inversely related to U.S. clean price. Finally, the lot 
size as measured by grease weight is expected to be positively related to U.S. 
clean price. The closer a lot is to a truckload, the less money buyers spend 
on transportation per kilogram.

The model was used to examine price differences for U.S. wools by 
preparation and by type using data collected from warehouses and pool 
sales across the United States over the period 1993 to 2002. The goal was 
to determine premiums/discounts in wool prices by preparation and type, 
controlling for season, year, region, average fiber diameter, and lot size. 
The hedonic price model explains about 83 percent of the variation in U.S. 
wool prices (Table 5A-1). The estimated coefficients and their associated p-
values are provided in Table 5A-1). The level of significance chosen for this 
analysis to conduct statistical tests is 0.01, given the rather sizeable sample 
of 8,533 observations. Given that the dependent variable is the logarithm 
of U.S. clean price, the interpretation of the estimated coefficients for each 
of the qualitative variables (season, year, region, level of preparation, and 
wool type) is in terms of percentage changes. To calculate the premium/dis-
count or the percentage difference relative to the base or reference category 
for each of the qualitative variables, the transformation exp(> i-1)*100% 
can be used, where > i is the estimated coefficient associated with the ith 
indicator variable.

Also, note that the U.S. clean price, AFD, and grease weight (GW) of 
the lot size are expressed in terms of logarithms. Consequently, the estimated 
coefficient of AFD and of GW in the hedonic price model represent elas-
ticities, the percentage change in U.S. clean price due to a unit percentage 
change in AFD and GW, respectively.

The model explained about 83 percent of the variation in U.S. wool 
prices over the study period. Seasonality in U.S. clean wool prices was 
evident. Wool prices received by producers from January to March as well 
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TABLE 5A-1  Estimated Coefficients and P-Values in the Hedonic Price 
Model

Estimated 
Coefficients

Premium/Discount 
Relative to Base P-value

Month January
February
March
April
May
June
July
August
September
October
November
December

–0.1913
–0.0789
–0.0608
–0.0156
0.0065
0.0779
0.0039

–0.0240
Base
–0.0624
–0.1154
–0.1267

–17.4
–7.6
–5.9
–1.5
0.6
8.1
0.5

–2.4
Base

–6.0
–10.9
–11.9

<0.001
<0.001
<0.001

0.212
0.532

<0.001
0.756
0.081

Base
<0.001
<0.001
<0.001

Year 1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

–0.4947
–0.1922
0.1629

–0.1260
Base
–0.2702
–0.7013
–0.7379
–0.6249
–0.2921

–39.0
–17.5
17.7

–11.8
Base
–23.7
–50.4
–52.2
–46.5
–25.3

<0.001
<0.001
<0.001
<0.001
Base
<0.001
<0.001
<0.001
<0.001
<0.001

Level of  
  Preparation

Original Bag
Bellies Out Untied
Table Skirted Classed

Base
0.0209
0.0811

Base
2.1
8.4

Base
0.270

<0.001
Region Central

Western
Eastern

Base
–0.1036
–0.0823

Base
–9.8
–7.9

Base
<0.001
<0.001

Wool Breed  
  (Wool Types 
  from BOU  
  and TSC)

Main Line
Tender/Short Line
Bellies
Pieces
Stains
Locks
Clothing
Main Line Lamb

0.2114
0.0551

–0.2903
–0.4179
–0.6808
–0.9894
0.1986
0.1432

23.5
5.7

–25.2
–34.2
–49.4
–62.8
22.0
15.4

<0.001
0.013

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

Meat Breed Main Line 0.0394 4.0 0.174
Bellies –0.1288 –12.1 0.545

Wool Types 
  from OB

Wool Breed Base Base Base
Meat Breed (White Face) –0.2325 –20.7 <0.001
Meat Breeds (Black Face) –0.3826 –31.8 <0.001
Hair or Cross Bred –0.3226 –27.6 <0.001
Wool Breed Lamb –0.1790 –16.4 <0.001
Meat Breed Lamb –0.6988 –50.3 <0.00l
Black –1.1606 –68.7 <0.001

Log of Average  
  Fiber Diameter

–1.4160 <0.001

Log of Grease  
  Weight

0.0162 <0.001

Constant 4.8090 <0.001
RP

2
P = 0.8303
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as from October to December were significantly lower from 5.9 percent to 
17.4 percent than prices in September. Wool prices in June were roughly 8 
percent higher than those of September. As expected, U.S. clean wool prices 
were highest in 1995 and 1997. Prices in remaining years from 1993 to 2002 
were significantly lower, from 11.8 percent to 52.2 percent relative to the 
base year of 1997. Further, U.S. clean wool prices were discounted by 7.9 
percent and 9.8 percent, respectively, in the Eastern and Western regions of 
the United States relative to the Central region. 

In line with prior research, prices of TSC wool were significantly higher 
than OB wool by slightly more than 8 percent. Significant differences among 
wool types also were evident. In particular, U.S. clean prices of TSC and 
BOU Main Line Wool were higher by 23.5 percent over the OB wool breed. 
Significant differences were noted as well among wool types from OB. 
Among wool types, the premiums/discounts relative to OB wool breed type 
were quite large in magnitude.

U.S. clean wool prices were found to be highly sensitive to changes 
in AFD. The elasticity of the clean wool price with respect to AFD was 
estimated to be about –1.42. Lot size, as measured by GW, also positively 
affected U.S. clean prices. The elasticity of clean price with respect to lot 
size was estimated at 0.16. 
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6

The U.S. Dairy Sheep Industry�

Dairy sheep production is a new agricultural venture in the early 
stages of becoming an economically important agricultural indus-
try in the United States. The first U.S. dairy sheep flocks and the 

first commercial dairy sheep farms were established in the mid-1980s with 
nondairy breeds of sheep because true dairy sheep were not present in 
North America until the early 1990s. European dairy sheep genetics of the 
East Friesian (EF) and Lacaune (LA) breeds were first imported into North 
America by Canada in 1992 and 1996, respectively (Thomas et al., 2001) 
and subsequently into the United States from Canada. Initial research in 
the United States showed that EF-crossbred ewes produced almost twice 
as much milk as domestic nondairy ewes (Thomas et al., 1999, 2000). The 
majority of dairy sheep farms in North America now milk crossbred ewes 
containing ≥ 50 percent EF and/or LA breeding. The proportion of dairy 
sheep genetics in flocks is increasing.

The largest concentrations of dairy sheep farms in the United States 
are found in two regions: (1) the Upper Midwest, specifically northwestern 
Wisconsin and east-central Minnesota and (2) New York and New England, 
specifically Vermont, New Hampshire, and Maine. There is excellent inter-
action between U.S. and Canadian dairy sheep producers. Most Canadian 
dairy sheep farms are located in southern Ontario and southern Quebec 
near the U.S. border (Figure 6‑1).

�Much of the information in this chapter is based on the report by Thomas (2004), which 
summarizes the results of a survey of dairy sheep producers in the United States and Canada 
conducted in 2003–2004.
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Fig 6-1.eps
bitmap image

DAIRY SHEEP MILK PRODUCTION

Few official records are kept at the state or national level on the popu-
lation of dairy sheep or their production. The Dairy Sheep Association of 
North America (DSANA) and the University of Wisconsin–Madison sur-
veyed dairy sheep producers in the United States and Canada in 2003–2004 
(Thomas, 2004; Thomas and Haenlein, 2005). The Wisconsin Agricultural 
Statistics Service surveyed Wisconsin producers in 2005 (Wisconsin Agri-
cultural Statistics Service, 2006). Thomas (2004) estimated that 44 farms 
milked ewes in the United States in 2003. The greatest numbers of producers 
were in Wisconsin (14) and Vermont (10).

Table 6-1 presents the estimated number of dairy sheep producers in 
the eastern and western regions in the United States. According to Thomas 
(2004), the average U.S. flock size in 2003 was 145 milking ewes with little 
difference between the East and West (Table 6-1). However, there were large 
differences between regions in the variation in flock size. Flocks in the East 

FIGURE 6-1  Location of dairy sheep farms in the United States and Canada in 
2003.
Source: D. L. Thomas, personal communication (2004). Copyright 2004 by David 
L. Thomas. Used with permission.
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TABLE 6-1  Estimated Number of U.S. Dairy Sheep Producers and 
Number of Milking Ewes per Flock, 2003

U.S. 
Region State

Estimated Number of 
Producers

Milking Ewes Per Flock (number)

      Ave. Median       Range

East Maine 2 — — —
New Jersey 1 — — —
New York 5 — — —
Pennsylvania 1 — — —
South Carolina 1 — — —
Virginia 1 — — —
Vermont 10 — — —
Total East 21 138.1 54 5–850

—
West California 1 — — —

Colorado 1 — — —
Iowa 1 — — —
Minnesota 3 — — —
Missouri 2 — — —
Nebraska 1 — — —
Wisconsin 14 — — —
Total West 23 149.4 145 80–305

Total United States 44 145.4 100 5–850

Source: Adapted from Thomas (2004).

region were more variable in size than flocks in the West region as indicated 
by the range in flock size. The median values presented in Table 6-1 are the 
flock sizes that are in the middle of the range. In the East region, half of 
the flocks were smaller than 54 ewes; in the West region, half of the flocks 
were smaller than 145 ewes. Overall, half of the flocks in the United States 
milked fewer than 100 ewes in 2003.

Milk production per ewe in the flocks of producers in the two regions 
surveyed by Thomas (2004) is presented in Table 6-2. He reported large 
differences between the two regions. Respondents in the East region re-
ported milk production per ewe at 212 kg whereas those in the West region 
reported per‑ewe production at 140 kg. Production per ewe was much more 
variable among flocks in the East region than among flocks in the West re-
gion. The median milk production among all flocks was 146 kg milk/ewe, 
with an average production of 174 kg/ewe. In the 2005 Wisconsin survey, 
the 11 licensed dairy sheep producers in Wisconsin reported average milk 
production per ewe of 168 kg, higher than the 140 kg/ewe production re-
ported for the West region in the Thomas (2004) survey. 

Table 6-3 presents the Thomas (2004) estimate of the total number of 
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ewes milked and the total amount of sheep milk produced in the United 
States in 2003. Each of the 27 flocks that did not respond to the survey 
were estimated to have the same average number of ewes (145.4) and aver-
age milk production per ewe (178.0 kg) as the respondent flocks for a total 
estimated milk production of each nonrespondent flock of 25,881 kg. Based 
on this assumption, 6,478 ewes in the United States produced an estimated 
1,148,682 kg of milk in 2003.

DAIRY SHEEP MANAGEMENT SYSTEMS

Types of sheep management and milking systems in use are quite vari-
able among dairy sheep operations. Presented in Figure 6-2 is the annual 
cycle for a dairy sheep operation lambing in the late winter or early spring. 
Some dairy sheep flocks receive only pasture during the grazing season. 
Others are grazed on pasture but supplemented with concentrates. Still oth-
ers are fed harvested roughage and concentrates in confinement. Starting 
to milk ewes after weaning the lambs at 30 to 60 days postpartum (DY30 
system) was quite common in the early 1990s. An increasing number of 

TABLE 6-2  Milk Production per Ewe in Flocks of Survey Respondents, 
2003

U.S. Region
Flocks 
(number)

Total Milk 
(kg)

Total Ewes 
(number)

Milk Per Ewe (kg)

Average Median Range

East 9 282,674 1,332 212.2 142 5–600
West 8 167,216 1,195 139.9 94 54–222

Total U.S. 17 449,890 2,527 178.0 146 5–600

Source: Adapted from Thomas (2004).

TABLE 6-3  Estimated Number of Ewes Milked and Milk Production in 
the United States, 2003

U.S. Region
Flocks  
(number)

Total Milking Ewes 
(number)

Total Milk Production 
(kg)

East 21 3,088 593,248
West 23 3,390 555,434

Total U.S. 44 6,478 1,148,682

Source: Adapted from Thomas (2004).

Changes in the Sheep Industry in the United States: Making the Transition from Tradition

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/12245


THE U.S. DAIRY SHEEP INDUSTRY	 299

producers, however, milk the ewes from shortly after parturition. Ewes 
may be milked only once per day during early lactation while the lambs 
are nursing and then switched to twice-per-day milking after the lambs are 
weaned at 30 days of age (MIX system). Alternatively, the ewes may be 
milked twice-per-day from shortly after parturition with the lambs reared 
on milk replacer (DY1 system). Research in the United States has shown that 
the MIX system results in the greatest net returns if milk is sold on weight 
or volume (McKusick et al., 2001). However, milk from MIX ewes during 
the 30 days when they are nursing their lambs has a significantly lower fat 
percentage than milk from DY1 or DY30 ewes and would receive a price 
discount if sold on the basis of fat content.

Almost all farms use machine milking. Milking systems vary from el-
evated platforms, with cascading yoke stanchions and milking into buckets, 
to double-24 milking parlors with a pit for the milkers and several milking 
units attached to a pipeline, to a carousel milking parlor.

DAIRY SHEEP MILK QUALITY

The U.S. Grade “A” Pasteurized Milk Ordinance (PMO) requires sheep 
milk at the farm to have a bacterial count of not more than 100,000/ml 
of milk and a somatic cell count of not more than 750,000/ml of milk 

Fig 6-2.eps
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Ewes milked starting as early as 48 to 72 hours after lambing or 
as late as 30 days after lambing

Fresh milk processed immediately into cheese, yogurt, etc.
milk frozen for later processing

Frozen Milk ProcessingFrozen Milk
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Lambs fed milk replacer until 30 days of age and then finished on grain 
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Milk Fed and Finished Lambs
 for Slaughter

Ewes Bred for 
Spring Lamb Crop
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FIGURE 6-2  Annual dairy sheep and lamb cycle.
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(USDHHS, 2002). Unlike goat milk that has a naturally high somatic cell 
count (Thomas and Haenlein, 2005), sheep milk produced under sanitary 
conditions does not have difficulty meeting these minimum standards. Mea-
sures of milk composition and quality from 355,000 liters of sheep milk 
marketed cooperatively in the United States in 2002 and 2003 were 453,000 
somatic cells/ml, 41,000 bacteria/ml, 6.2 percent fat, 4.9 percent protein, 
and 17.1 percent total solids (Thomas, 2004).

DAIRY SHEEP MILK MARKETING,  
TRANSPORTATION, AND PRICING

The biggest concern for someone considering entry into dairy sheep 
production is the marketing end of the business. The problem generally 
is not a lack of demand for sheep milk but rather the production of small 
amounts of sheep milk on individual farms that are great distances from a 
milk processor willing to process sheep milk. One solution to this problem 
is for dairy sheep producers to pool their milk and ship larger quantities of 
milk periodically to processors. The Wisconsin Sheep Dairy Cooperative 
(WSDC) is the only U.S. dairy sheep milk marketing cooperative. The co-
operative collects milk from its members and markets it to processors. The 
cooperative is increasing the amount of its milk that is custom-made into 
cheese with the cheese marketed by the cooperative as well. This adds value 
to the producers’ milk and results in greater net returns. 

Cooperatives require a tremendous commitment of volunteer time on 
the part of members, especially in the initial years of the organization. The 
effort to establish the WSDC occurred at the same time that producers were 
establishing their own dairy sheep farms and is now paying dividends. For 
example, the WSDC has seen over a 20-fold increase in the amount of milk 
sold in 2007 compared to 1996 when it was established (Figure 6-3). De-
mand for its milk continues to grow. Without the WSDC, the dairy sheep 
industry in the Upper Midwest of the United States would not be as viable 
as it is today.

Much of the milk sold from farms is first frozen in plastic bags in large 
commercial freezers on the farm. Bags of frozen milk are accumulated on 
the farm and shipped in large quantities in refrigerated trucks to proces-
sors. Research has shown that this milk can be frozen at –27ºC for at least 
12 months with no detrimental effects on processing characteristics (Wen-
dorff, 2001). The ability to freeze milk and make a quality product from 
the thawed milk has allowed small producers who are great distances from 
processors to enter the industry. A small producer can accumulate the milk 
produced from his flock in a freezer during the milking season and send the 
milk individually or along with that of other producers to a processor in a 
large shipment only once or a few times per year. Since sheep are seasonal 
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FIGURE 6-3  Milk sales by the Wisconsin Sheep Dairy Cooperative (WSDC), 
1996–2007.
Sources: Sales through 2003 from Thomas (2004). Sales for 2004 through 2007 from 
WSDC Board of Directors (personal communication). Copyright 2004 and 2007 by 
David L. Thomas. Used with permission.

breeders and most sheep milk is produced during the spring and summer, a 
frozen stockpile of milk also allows processors access to milk year-round.

Frozen milk, however, is not without its problems. The costs of installa-
tion and maintenance of a large commercial freezer and of freezer bags are 
large expenses for dairy sheep producers. Processors experience increased 
costs in storage of frozen milk and in the amount of time required to thaw 
milk prior to processing compared to fluid milk (Clark, 2004; Cook, 2004). 
Some frozen-thawed milk separates and has a large amount of sediment that 
does not allow its use in all sheep milk products. Failure to keep the milk 
cold enough while frozen on the farm or partial thawing during transporta-
tion to the processor may be the cause (Clark, 2004). In areas where there 
is a large concentration of dairy sheep farms in close proximity to a major 
processor, the accumulation of large quantities of fresh milk during peak 
lactation periods is possible for shipping directly to processors in bulk tank 
trucks. This is greatly preferred by processors (Cook, 2004). As the industry 
grows and more milk becomes available, fluid shipments of milk will in-
crease. For example, the WSDC shipped 63 percent of its milk to processors 
in fluid rather than frozen form in 2007 (WSDC, personal communication, 
2007). However, there will still be a need for some frozen milk to sustain 
processors during times of the year when sheep milk is not produced and 
processors are large distances from producers.

According to the Thomas (2004) survey, the price for dairy sheep milk 
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sold to processors ranged from $1.20 to $1.65 per kg in 2003. Producers in 
Wisconsin received an average price of $1.22 per kg for sheep milk in 2005 
(Wisconsin Agricultural Statistics Service, 2006). The vast majority of the 
milk is sold by weight with no premiums or discounts for milk composition 
or quality. Value-based pricing of sheep milk could become a reality in the 
future as the supply of milk increases. Of course, milk cannot be sold if it 
does not meet the minimum quality standards for bacterial and somatic cell 
counts established by the federal government.

DAIRY SHEEP MILK PROCESSING

The few sheep milk processors in North America appear to be pleased 
to have sheep milk available. Most have increased the amount of sheep 
milk they process each year as the supply slowly increases. The largest 
commercial U.S. sheep milk processor produced 115,000 kg of cheese and 
4,500 kg of yogurt in 2003 (Thomas, 2004). A sheep milk cheese was the 
champion specialty cheese from more than 725 cow, goat, and sheep milk 
cheeses entered in the American Cheese Society’s 2004 annual competition. 
The maker of the champion cheese runs a commercial processing plant and 
purchases dairy sheep milk from the WSDC. Several other U.S. sheep milk 
cheeses have received major honors at national and international cheese 
competitions in the last few years.

Farms that are not members of a marketing cooperative have a number 
of marketing options, including selling their milk directly to a commercial 
processor, processing their milk into cheese or other products on their farms, 
having their milk custom processed into cheese by a commercial processor, 
or selling their milk to another dairy sheep producer who processes their 
own milk plus purchased milk. 

The lack of local commercial processing factories for sheep milk in most 
areas has led many sheep producers to make cheese on their farms in small 
batches and market it directly to individuals, food stores, and restaurants. 
Of the 24 respondents to the Thomas (2004) survey who had milked sheep 
between 2000 and 2003, 11 (46 percent) processed milk on their farms into 
value-added products (Table 6-4). The percentage of producers in the East 
region that processed milk on their farms (71 percent) was much higher 
than the percentage that processed milk on their farms in the West region 
(10 percent). This difference in the percentage of farms processing their own 
milk in the two regions may be because the WSDC was formed in 1995, giv-
ing producers in the West region a marketing outlet for fluid milk. In other 
areas, there were no options except to process the milk produced. Also, 
the northeast United States may have had more of a tradition of producing 
farmstead cheeses than the West region. Wisconsin requires all cheese mak-
ers to be licensed. Passing an examination and a one-year apprenticeship 
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are required to obtain a license to make cheese in Wisconsin. These require-
ments do not encourage producers to become farmstead cheese makers.

Of the 13 producers in the Thomas (2004) survey that did not process 
milk on their farms, almost half expressed a desire to process milk in the 
future. However, there were large differences among regions in the desire 
to enter into processing of milk. About 75 percent of the nonprocessing 
farms in the East region wished to process in the future, whereas only 33 
percent of the nonprocessing farms in the West region wished to process in 
the future (Table 6-4). This result again seems to indicate the satisfaction 
that West region producers have with their milk marketing alternatives and, 
perhaps, the lack of good outlets for fluid sheep milk in the East region at 
the present time.

DOMESTIC AND IMPORTED DAIRY SHEEP MILK SUPPLY

The United States is the largest importer of sheep milk cheese in the 
world. Approximately half the world exports of sheep milk cheese in 2005 
came to the United States (FAO, 2007). Sheep milk cheese imports to the 
United States have increased from 14,476 metric tons (tonnes) in 1985 to 
33,359.5 tonnes in 2005, a 30 percent increase in 20 years (FAO, 2007). 
The five European countries of Italy, France, Bulgaria, Greece, and Spain 
accounted for 93.4 percent of the sheep cheese exports to the United States 
in 2005 with Italy alone accounting for 56.7 percent of those exports (Table 
6-5).

The total U.S. sheep milk production was estimated at 1,149 tonnes in 
2003. If total production increased at the same rate as the volume of milk 
marketed by the WSDC from 2003 to 2005 (+ 81 percent), total U.S. sheep 

TABLE 6-4  Proportion of Survey Respondents That Process Milk on 
Farm, Purchase Milk from Other Producers for Processing, or Wish to 
Start Processing Milk, 2003

 ----------------------------------------- Number (%) ---------------------------------------

U.S. Region

Process Milk on the Farm
Do Not Now Process Milk on the 
Farm but Wish to in the Future

Yes No Yes No

East 10 (71)   4 (29) 3 (75) 1 (25)
West   1 (10)   9 (90) 3 (33) 6 (67)

Total U.S. 11 (46) 13 (54) 6 (46) 7 (54)

Source: Adapted from Thomas (2004).
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milk production in 2005 may have been 2,080 tonnes. This amount of 
sheep milk could produce approximately 416 tonnes of sheep milk cheese 
(5 kg of sheep milk per kilogram of sheep milk cheese). Therefore, domestic 
production of sheep milk cheese in 2005 was probably less than 1.3 percent 
of the total supply available to U.S. consumers, suggesting considerable 
potential for a large increase in domestic production to displace some of 
the imported product.

Imported dairy sheep products present some pricing challenges for do-
mestic products. The average landed value of imported sheep milk cheese in 
the United States was $5.55 per kg in 2005 (Table 6-5). At current values of 
U.S. sheep milk ($1.20/kg to $1.65/kg) and 5.0 kg of sheep milk required 
to produce 1 kg of sheep milk cheese, the milk alone in 1 kg of domestic 
sheep milk cheese costs between $6.00/kg and $8.25/kg. Obviously, domes-
tic sheep milk cheeses cannot compete with imported sheep milk cheeses on 
price in the current economic environment. Continued growth in produc-
tion of domestic sheep milk cheese will depend on the ability of U.S. cheese 
makers to continue to produce high-quality specialty sheep milk cheeses that 
command a higher price than imported products.

MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES OF THE U.S. DAIRY SHEEP INDUSTRY

Major Accomplishments of the U.S. Dairy Sheep Industry

•	 Developing industry. The dairy sheep industry has developed from 
nothing in the early 1980s to a small but growing industry with potential 
for continued growth. As with all new industries, the U.S. dairy sheep in-

TABLE 6-5  U.S. Sheep Milk Cheese Imports by Exporting Country, 
Quantity, and Value, 2005

Volume Value

Tonnes % $1,000 Per kg

Italy 18,910.0 56.7 $101,227 $5.35
France 4,660.0 14.0 $27,855 $5.98
Bulgaria 3,553.0 10.7 $11,348 $3.19
Greece 2,245.0 6.7 $15,085 $6.72
Spain 1,803.0 5.4 $18,552 $10.29
All other countries 2,188.5 6.6 $11,156 $5.10

Total 33,359.5 100.0 $185,223 $5.55

Source: FAO (2007).
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dustry owes its existence to the hard work of a few pioneer producers and 
processors. 

•	 Domestic sheep milk cheeses now available. Prior to the early 1980s, 
there were no domestic sheep milk cheeses available to U.S. consumers. 
Now, cheese cases in many specialty cheese stores and even stores of national 
grocery chains contain domestic sheep milk cheeses. This is due to the pro-
duction of high‑quality milk by producers, the manufacture of high‑quality 
cheeses by processors, and the promotion of these cheeses by both national 
(e.g., The American Cheese Society, http://www.cheesesociety.org/) and state 
(e.g., Vermont Cheese Council, http://www.vtcheese.com) organizations. 

•	 Formation of milk marketing cooperative. The Wisconsin Sheep 
Dairy Cooperative (http://www.sheepmilk.biz/), a sheep milk marketing co-
operative for producers in the Upper Midwest and the only such marketing 
cooperative in the United States has served as a catalyst for the continued 
growth of the industry in that region.

•	 Dairy sheep producer organization established. The Dairy Sheep 
Association of North America (DSANA) was established in 2002 to foster 
the North American dairy sheep industry (http://www.dsana.org/index.
php). The association publishes a quarterly newsletter and has taken over 
the organization of the annual Great Lakes Dairy Sheep Symposium started 
by the University of Wisconsin–Madison and the Wisconsin Sheep Breeders 
Cooperative in 1995. The symposium now rotates each year among sites 
in Wisconsin, the northeastern United States, and southern Ontario and 
Quebec, Canada. Speakers include North American scientists, producers, 
and processors, as well as international experts. The proceedings of these 
symposia contain the most up-to-date information available to the North 
American dairy sheep industry. Past proceedings can be viewed at http://
www.uwex.edu/ces/animalscience/sheep/.

Major Opportunities of the U.S. Dairy Sheep Industry

•	 Large domestic market for sheep milk cheeses. The greatest oppor-
tunity for the dairy sheep industry is the increasing consumption of sheep 
milk cheese by U.S. consumers. The consumption of sheep milk cheeses in 
the United States, as measured by imports, has increased by 30 percent in 
the 20-year period from 1985 to 2005. In 2005, it was estimated that < 1.3 
percent of total sheep milk cheese availability was domestically produced. 

•	 Demand for locally raised food. The growing movement among 
consumers to eat locally raised and produced products should also be good 
news for the domestic sheep milk industry.

•	 Viable option for small farms. Dairy sheep production is an agricul-
tural enterprise that requires a relatively small amount of land, and sheep 
are small enough to be handled safely by most members of the family. The 
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enterprise is a viable alternative for small-scale farmers. Returns to labor 
and management per year, including capital costs, are estimated to be be-
tween $51/ewe (high debt load) and $110/ewe (low debt load) for a 300-ewe 
flock producing and marketing milk, lambs, and cull sheep (Berger, 2002).

Major Challenges of the U.S. Dairy Sheep Industry

•	 No genetic improvement program. There are no regional or national 
genetic improvement programs for dairy sheep traits in the United States. 
Annual increases in production that have been noted in most flocks over 
time have been a result of improved management and an increase in the 
percentage of dairy breeding in the ewe flock. However, as the industry 
matures, there will be a desperate need for proven sires with high estimates 
of genetic value for economically important traits. The industry should 
establish a national genetic improvement program for dairy sheep. The 
two logical organizations to carry out these genetic evaluations are either 
the Animal Improvement Laboratory of USDA, which conducts the genetic 
evaluations for dairy cattle and dairy goats, or the National Sheep Improve-
ment Program, which conducts the genetic evaluations for meat and wool 
sheep. 

•	 Limited research and extension support. There is limited research and 
extension support for dairy sheep production, sheep milk processing, and 
sheep milk product marketing. The only dairy sheep research flock in North 
America was established in 1995 at the University of Wisconsin–Madison 
at the Spooner Agricultural Research Station. This flock is composed of 
approximately 300 milking ewes of various percentages and combinations 
of East Friesian and Lacaune breeding. The University of Vermont has an 
Extension Small Ruminant Dairy Specialist to work with producers of dairy 
goats and sheep in Vermont. In addition, the University of Guelph, Cornell 
University, the University of Vermont, and the University of Wisconsin–
Madison have research and/or extension programs in sheep milk processing 
and/or dairy sheep production. Potential producers or processors in states 
other than those listed above are very limited in the information and as-
sistance they can obtain to enter the industry.

•	 Few marketing options for sheep milk. There is a lack of marketing 
options for most U.S. sheep dairy producers. The Wisconsin Sheep Dairy 
Cooperative serves the milk marketing needs of the majority of the produc-
ers in Wisconsin and Minnesota. Potential producers in other areas of the 
United States are at a great disadvantage because there is no ready market 
for the milk they would like to produce. Their only option is to become a 
sheep milk producer and a farmstead cheesemaker and marketer, but these 
skills may not be present among the personnel (generally the family mem-
bers) to be a farmer, processor, and marketer. While there appears to be a 
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demand for more sheep milk, the infrastructure is not in place throughout 
the United States to get milk from the producers to the processors.

•	 Lower-priced imported sheep milk cheeses. The lower price of 
imported sheep milk cheeses relative to domestic sheep milk cheeses will 
remain a continual challenge. The domestic industry must compete with im-
ported product by continuing to develop cheeses that are unique compared 
to imported cheeses, by producing higher‑quality cheeses or the perception 
of higher‑quality cheeses, and by capitalizing on the movement among con-
sumers to eat more locally produced foods.
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7

Alternative and Emerging Markets

The U.S. sheep industry is in the process of transformation forced by 
economic necessity following years of decline, growing competition 
from the sheep and textile industries of other countries, and a number 

of other factors as documented in the preceding chapters. Although the full 
extent of the changes taking place in the industry is difficult to determine, 
sheep and lamb inventories indicate growth in eastern and mid-Atlantic 
states and in the Midwest, where alternative and emerging markets are 
particularly important (see Chapters 1 and 2). These alternative or “niche” 
markets represent a growth area for the industry. New and expanded in-
dustries include sheep for dairy, purebred flocks used in shows, club lambs, 
specialty wools, and hair sheep. The growth of these markets is supported 
through active producer organizations, local marketing systems, statewide 
fairs, and new technologies, such as the Internet, that have reduced the 
costs of exchanging information in the market and facilitate identification 
of buyers and sellers of the products. In addition, the consumer base now 
includes new ethnic demand for lamb and other meat products, and a grow-
ing consumer market for locally produced and organic products.

Although not well documented, alternative and emerging markets are 
increasing within the sheep and wool industry, as evidenced by an increasing 
share of lightweight (23–40 kg) feeder lambs and hair sheep now being pur-
chased for slaughter to meet demand from ethnic groups for lighter‑weight 
and younger lamb carcasses. Producers in areas remote from traditional 
markets but with access to inspected slaughter plants are venturing into 
direct marketing. Customers may be local friends and neighbors or local 
buyers that have interests in “local” products (including restaurant and 
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local retail outlets). Organic or specialty products may also be marketed via 
the Internet or other direct mail‑order approaches that meet demand in a 
broader market. Individual producers have cultivated retail and restaurant 
outlets for their lamb. Although the alternative and emerging markets are 
small relative to the traditional industry, they are sectors that are experienc-
ing growth and are creating new markets for lamb.

Ethnic Markets

U.S. lamb consumption has remained steady at about 0.5 kilograms 
per capita since the mid-1990s, falling from about 3.0 kilograms per capita 
since the mid-1940s to its present level. However, the average per capita 
consumption conceals considerable variation by region of the country. 
For much of the central United States, lamb is rarely considered in the red 
meat purchase decisions for home consumption and infrequently found in 
restaurants. The largest U.S. markets for lamb appear to be the East and 
West coasts, both as household consumption and as food away from home 
(see Chapter 4). Even in those regions, however, the consumption of lamb 
is skewed toward religious and ethnic groups in society and away from that 
part of the population with origins in northern Europe.

For the U.S. population of North European descent, lamb has declined 
in popularity since World War II (see Chapters 1 and 4). Regaining interest 
in lamb as an integral part of the diet among this population has proven 
difficult. Certainly, lamb is slowly entering the restaurant trade, particularly 
higher‑end restaurants. In consumer surveys, restaurants are the primary 
exposure to lamb for much of this population (ALB, 2007). Nonetheless, 
the ethnically and culturally diverse character of the East and West coasts 
appears to be ahead of the American heartland in breaking down this long 
standing barrier to lamb consumption.

For some religious groups, lamb is a major consumption item on a 
regular basis and for several significant holidays or holy days. In the Jewish 
faith, lamb (kosher) is a regular item in the diet. Similarly, lamb is a regular 
dietary item for Greek and Eastern Orthodox groups and the preferred 
meat for the celebration of Easter, with the Orthodox Easter occurring at 
the same time as the Jewish Passover. In the Muslim faith, lamb (halal) is 
the preferred meat during Ramadan and the Eidu al-fitr holiday at the end 
of Ramadan. As well, lamb is a preferred meat for the Eidu al-adha holiday. 
Several ethnic groups within the United States regularly consume lamb, 
particularly those of Middle Eastern, North African, Caribbean, southern 
European, and South Asian origins. Within these groups, lamb consumption 
on a regular basis seems to persist from generation to generation, following 
the first-generation immigration to the United States (see, e.g., Larson and 
Thompson, Undated; USDA, 2006a). Hair sheep lambs are well suited to 
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the ethnic markets because of their smaller carcass size, presence of a tail, 
and lower likelihood of feedlot finishing. The changing ethnic backgrounds 
of major U.S. cities away from the New York and California coasts are 
expanding the populations from these ethnic groups and their associated 
ethnic markets into areas such as Chicago, Detroit, and Houston.

Seasonal Consumption and Religious/Ethnic Effects

For many U.S. ethnic groups, lamb is consumed on a regular basis 
throughout the year. In other words, for these groups there is no particular 
seasonal pattern to their lamb consumption. Although lamb is consumed 
throughout the year by various religious groups (which often overlap the 
ethnic groups noted above), lamb is the preferred meat for specific religious 
holidays. Muslim, Greek, and Eastern Orthodox populations are the only 
significant ethnic groups that, because of religion, consume lamb during 
specific periods of the year. 

In the Muslim calendar (Alnaseej, 2007), two major periods are as-
sociated with lamb consumption. The first is the month of Ramadan (the 
ninth month of the Hijri calendar). Then, Eidu al-fitr is celebrated on the 
first day of the month immediately following Ramadan. The second period 
is the Eidu al-adha, which occurs on the 10th day of Dhul Hijjah, the last 
month of the Islamic calendar, celebrating the end of the annual Hajj. Eidu 
al-adha is the most important Moslem holy period for the consumption of 
lamb. Because the Hijri calendar does not contain the same number of days 
as the Gregorian calendar, the holy periods for Muslims change each year, 
advancing 9 to 12 days annually, taking 31 to 33 years to return to the same 
month in the Gregorian calendar. For Muslims, the consumption is mostly 
lamb, although some older ovine animals also enter this market. Because of 
the Eastern and Greek Orthodox population, as well as a large and growing 
U.S. Muslim population, the question is whether these holy periods affect 
the seasonal consumption or disappearance of lamb in the United States.

The U.S. Census is prevented by law from collecting information regard-
ing religious affiliation. As a result, little information on religious affiliation 
is available on a consistent annual basis. One source is a study of religious 
affiliation in the adult population comparing 1990 and 2001 (USCB, 2007). 
By telephone survey, adults were asked to indicate their religion, without 
prompt or verification, or membership in a religious group. The results for 
the Jewish population indicated 3.1 million adults for 1990 and 2.8 mil-
lion adults for 2001 (1.8 percent and 1.4 percent, respectively, of the adult 
population). For Muslims, there were 527,000 adults in 1990 and 1.1 mil-
lion adults in 2001 (0.3 percent and 0.5 percent of the adult population, 
respectively). Although Eastern Orthodox groups made up only 0.3 percent 
of the U.S. population in 1990, their growth rate was about 2.7 percent an-
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nually. Whereas the total Jewish population is declining both as a percentage 
of the U.S. population and in absolute numbers, the Muslim population is 
growing in numbers as well as a percentage of the total U.S. population.

While kosher foods have been widely available in North America for 
several years, the availability of halal foods has increased substantially over 
the past two or three decades. As a result, it is much easier today for Mus-
lims to find or access the products they want than in earlier years. For this 
reason, a trend toward greater use of lamb in Muslim holy periods today 
than earlier should be apparent. As well, generally in North America, Mus-
lims have become more conscious of their own religious rites and stricter 
in eating habits over the past several years. For both these reasons, as well 
as the growth in the Muslim population, a trend toward greater consump-
tion of lamb during Muslim holy periods over time should be evident in the 
published data.

Because there is relatively little information on the importance of the 
ethnic lamb market, an analysis of the effects of ethnic markets on aggregate 
(national level) U.S. lamb demand was conducted as a part of this study. The 
methodology used for the analysis, including the econometric models and 
data, are presented in the appendix to this chapter. For the analysis, monthly 
data over the 1970–2006 period were assembled to explore the impact of 
Orthodox and Muslim holy periods on lamb slaughter. The data represented 
head (thousands) of lambs and yearlings slaughtered each month, including 
both federally inspected slaughter and non-federally inspected slaughter. 
One feature of the slaughter data is the strong, downward trend over the 
years. U.S. domestic lamb and yearling slaughter stood at nearly 10 million 
head in 1970 and at 2.6 million head in 2006. Because of the religious nature 
of lamb demand, particularly in certain periods of the year, price is likely to 
be far less of a factor affecting demand during those periods than would be 
the case generally for lamb. Also, the substitution of lamb for other meats 
is likely to have little effect on demand during the religious periods.

The data were used to evaluate long‑term average seasonal trends (by 
month) that are presumed to occur because of the religious holy days. The 
Orthodox Easter holiday and Muslim holy days of Ramadan and Eidu al-fitr 
occur at varying times (though specific dates) during the year. A question 
of primary interest was whether the impact of Muslim and Christian/Or-
thodox religious events has grown stronger over time. The analysis of the 
monthly data supports the premise that religious holy days, both Christian 
and Orthodox Easter and Muslim religious events, affect the national lamb 
market. These holidays lead to additional slaughter of lambs and yearlings. 
The same was the case for the Eidu al-adha holiday. The effect of both the 
Muslim religious events and Christian/Orthodox Easter periods is consid-
erably larger after the 1990 period than before. Purchases of lamb were 
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found to be sensitive to price, even during the holiday periods for the ethnic 
periods examined. 

The primary conclusions of the analysis of the slaughter data, therefore, 
are that Muslim holiday periods and Christian and Orthodox Easter affect 
slaughter levels of lamb and yearlings and that the impact of these holidays 
appears to be increasing with time. The increases estimated are on the order 
of 7 to 8 percent of the monthly lamb slaughter and 1.6 to 1.7 percent of 
annual disappearance. To the extent that some lamb is purchased directly 
from farms and not recorded in official tallies of slaughter, these results 
could underestimate the impact of these religious periods. 

Other ethnic markets of growing importance in some regions of the 
country include Hispanic, Italian, and Greek communities. A survey con-
ducted in the Reno, Nevada area, found 25 percent of Asian and Hispanic 
households purchased lamb during a one‑month period, compared to 1 
percent of white, Caucasian households (Lotterman, 1993). Another recent 
study of consumer preferences in the southern U.S. market for goat meat 
found that Hispanic consumers and those buying lamb are more likely to 
purchase goat meat (Knight et al., 2006).

Supply and Marketing Channels 

While virtually all major food retail chains offer lamb cuts on a con-
tinuous basis at the meat counter, purchases of lamb in many ethnic and 
religious market segments are largely from individually owned, local butcher 
shops, operated in most cases by families from the ethnic or religious popu-
lation these stores serve. Family, friendship, and community relationships 
are a significant part of the rationale for purchases from these stores. These 
operations typically purchase whole lamb carcasses for breaking into retail 
portions for sale to meet the expectations of the local market they serve. 
The lamb carcasses often come from small, local, single-site packing plants, 
specifically serving these market outlets. With the growth of the ethnic and 
specialty markets, verification of marketing claims and traceability systems 
in marketing channels are becoming increasingly important in the market 
for lamb and lamb products (e.g., organic production, halal slaughter, or 
“naturally raised” claims).

In general, the ranges in live weight of lambs preferred in the ethnic 
markets may vary both by regional and ethnic markets. The differences in 
preferred weights influence the retail price. Kosher markets in the Northeast 
favor 45–57 kg lambs, while the Muslim market favors 27–40 kg lambs 
(O’dell et al., 2003). A study conducted on the market for West Virginia 
lamb found the price spread in lighter‑weight lambs (32–39 kg feeder lambs) 
compared to heavier‑weight slaughter lambs (45–57 kg) to have increased 
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over the 1996 to 2001 period, from 1 percent higher to 16 percent higher 
at the end of the period (O’dell et al., 2003).

A detailed study of pricing and market attributes in eastern states in-
dicates the importance of period of time and type of lamb in markets with 
growing ethnic populations (Singh-Knights et al., 2005). The study used 
sales transaction data from auction markets in Virginia, Pennsylvania, and 
West Virginia for the period 1994–2003 in combination with hedonic pric-
ing estimation methods. Their results showed a significant break in pricing 
relationships across the period. The study also concluded that lighter‑weight 
slaughter lambs and all weight classes of feeder lambs were sold at signifi-
cant price discounts during the earlier part of the study period (1994–1997). 
For the later period of the analysis (1998–2003), the study found that 
premiums were paid for the lighter‑weight lambs and lower premiums for 
heavier‑weight lambs. The period of year was also important, with premi-
ums paid for sales during the first two quarters of the year.

Lamb and other sheep products, such as sheep milk cheese and yogurt, 
can also be found in farmers’ markets within large metropolitan areas. In-
terestingly, the large packing plants for lamb appear to serve the large chain 
retail outlets almost exclusively with little or no penetration into the single 
family meat outlets. As well, the sheep cheese and yogurt industry products 
are rarely supplied through the large retail chains, with most sales through 
on-site stores, farmers’ markets, and small individually owned outlets.

Another source of lamb and mutton for ethnic and religious markets is 
direct purchases of live animals for immediate slaughter on the farm where 
they are purchased in many instances. Unlike meat derived from livestock 
and sold to consumers, which must be inspected and passed at a state or 
federally inspected facility, animals for direct purchase and on-farm slaugh-
ter are sold as live animals to consumers and, therefore, do not require state 
or federal inspection. Animals are selected live and killed on-site by the 
purchasers to meet specific religious or ethnic requirements. This practice 
appears common in the areas surrounding large urban centers. Long-term 
relationships in these markets are often established between buyer and seller, 
with the initial contact for the seller identified through family and friends 
within the ethnic or religious grouping. 

Even though lamb is available from foreign as well as domestic sources, 
there is no tariff line specifically identifying kosher or halal lamb and lamb 
product imports. As a result, there is no information on the proportion of 
imported lamb that meets halal or kosher requirements, even though lamb 
is imported and labeled for these markets. For many in the Jewish and 
Muslim communities, freshly killed lamb under kosher and halal conditions, 
respectively, is the product of choice for the religious periods. As a result, 
the expectation is that the demand for lamb during these religious periods 
is expressed predominantly for domestically sourced product. However, it 
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should be noted that slaughter plants in Australia and New Zealand that 
cater to the export trade meet halal requirements. Effective market trade in 
halal products, as is the case for other process claims, requires certification 
systems or verification of product claims. As an example for halal products, 
Islamic Food and Nutrition Council of America (IFANCA) is a globally 
recognized halal certification program that currently certifies a wide range 
of food products including meat products (IFANCA, 2008). Certification 
programs such as this are important to both domestic and internationally 
traded products and are of growing importance in some ethnic and niche 
markets.

As evidence of the growing importance of the ethnic and religious mar-
kets and the associated practice of on-farm slaughter, a number of sites and 
sources provide instructions for humane (halal) on-farm slaughter methods 
(e.g., Grandin, 2007; Schoenian et al., 2007). In this, practice, the animals 
are harvested in the name of Allah (God) without being stunned. 

ADDITIONAL Alternative Markets

A number of other alternative markets for the sheep and lamb industry 
have emerged, especially in the last 10 years. These product markets offer 
the opportunity for higher prices and profit to producers through special-
ized value‑added products, such as organic production, specialty cheeses, 
fine wool, and specialty products valued by consumers as locally produced, 
organic, gourmet, or having other unique qualities. 

The availability of web-based resources has expanded information on 
marketing sheep and goat products for both producers and consumers. One 
major effort, for example, is SheepGoatMarketing.info, a joint project of 
the University of Maryland and Cornell University (Schoenian et al., 2007). 
The web project originated from the Northeast Sheep and Goat Market-
ing Project, a USDA-funded effort to improve the marketing infrastructure 
for sheep and goat producers in the 12 northeastern states. Although the 
website identifies sellers for wool products (fleece, roving, yarn, and pelts), 
cheese, milk, and animals for vegetation control, the major market target of 
the website is ethnic and religious markets for sheep and goat meat. A review 
of the processors listed as handling lamb and goats on the website shows 
more than 150 livestock processors who buy live animals (sheep, lambs, and 
goats) and process them for resale to wholesale and retail businesses. Many 
advertise that they buy in small quantity and do custom slaughter. The firms 
listed are primarily in the Northeast and mid-Atlantic states. 
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Organic Lamb Market 

The rate of growth for certified organic sheep and lambs has out-
paced that of other livestock, growing nearly six‑fold during the period of 
1997–2002 according to USDA (2007a). Nevertheless, the total number of 
certified organic livestock is still relatively small, although different sources 
report different numbers. The USDA (2007a) reported that there were 4,471 
certified sheep and lambs in 2005, just over 2 percent of all total certified 
organic livestock. Geisler (2007) reported that there were 5,347 organically 
certified sheep and lambs in 2005, up from 4,561 in 2003. Although the 
industry grew rapidly in the period 1997–2002, USDA data indicate little 
growth in the number of animals being raised in certified organic production 
systems in recent years (Figure 7-1). Today, most of the organic sheep and 
lamb livestock are located in the West and Midwest (USDA, 2007a). 

As required by USDA standards for organic food implemented in 2002 
and administered through the USDA Agricultural Marketing Service (AMS), 
lamb product sold, labeled, or represented as organic must be under contin-
uous organic management from the last third of gestation forward (USDA, 
2007b). Except for approved feed supplements and additives, the total feed 
ration for the animals must be composed of agricultural products, including 
pasture and forage that are organically produced. The organic production 
methods require minimal use of off-farm inputs. Lambs are raised without 

Fig 7-1.eps

1,000

2,000

3,000

4,000

5,000

6,000

1992 1993 1994 1995 1997 2000 2001 2002 2003 2004 2005

Year

N
um

be
r

FIGURE 7-1  Inventory of certified organic sheep and lambs in the United States, 
1992–2005.
Source: USDA (2007a).
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the use of antibiotics or drugs or hormones to promote growth and in 
production systems that maintain conditions that provide for freedom of 
movement, reduce stress, and promote animal welfare. These conditions are 
well suited to lamb production.

Lambs certified as organic must be harvested and processed without ar-
tificial ingredients or preservatives, and by processors who maintain systems 
that prevent contact of product with any substance that is not approved. 
In practice, this requires that the processors are able to keep harvest and 
processing of organic animals separate from production lines for conven-
tional product, and limits processing to plants certified as organic. In some 
areas of the country, including California and other western states, there 
is sufficient volume of organic lamb so that companies with product under 
contract may own their own harvest and processing facilities, or operate 
them under contract. However, in many areas of the country, the volume is 
not sufficient and organic lambs are custom processed. 

Effective in 2005, producers and marketers that operate under a Na-
tional Organic Program‑approved organic system plan and that produce 
and market only commodities eligible for a “100 percent organic” label are 
exempt from the assessment for market research and promotion (USDA, 
2005). 

Although the rules and regulation of organic product claims fall clearly 
under USDA organic standards, other production or processing claims are 
less well understood or verified in the market. Marketing claims for “lo-
cally grown” or “naturally raised” may well compete directly with organic 
market claims for some consumers. However, such claims are less well 
documented and would also require some voluntary certification or audit 
programs to verify the accuracy and meaning of such claims. The USDA 
AMS is currently considering a voluntary standard for naturally raised 
livestock and meat (USDA, 2007c).

Direct Marketing 

Many individual lamb producers are taking proactive approaches to 
sell their own products directly to customers and foodservice operators 
and bypass traditional marketing channels. The number of individual sheep 
and lamb producer websites on the Internet has expanded sharply and is 
evidence of the growing sales through suppliers identified through Internet 
listings. Lamb sold directly from producer to retail consumers is especially 
important in some markets, including some large urban markets.

Although the specific number of animals sold through direct, private 
negotiations is not available, evidence based on the growing number of 
lamb and sheep inventories in some areas of the country where there are 
few large processors that handle lamb attest to the growing (though poorly 
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documented) importance of the lamb trade through direct, private party 
sales. In direct marketing, lambs may be sold as live animals directly to con-
sumers, to custom processors who may custom process the animals for the 
owners, or to retail grocery or foodservice outlets through state or federally 
inspected processing facilities.

Lamb sold directly to the freezer market is another growing direct 
marketing method. In this market, lambs are sold live to customers and 
arrangements made with a custom slaughter facility for processing and 
packaging.

Exhibition Animals and Specialty Lamb and Wool Production 

Sheep exhibitions and livestock shows were originally designed for pro-
ducers to exhibit prize animals. Today, the exhibitions and shows continue, 
and have developed into a segment of the industry that caters to the public 
partly as a form of entertainment. Many segments of the population see 
more sheep through exhibitions and livestock shows than they do on the 
open range or on the farm flocks in rural America. Some producers who 
participate in these events fit the classic definition of purebred breeders for 
the development of superior seedstock in the sheep industry. Others are 
hobbyists who produce and exhibit sheep as a form of recreation. Prices for 
animals in this arena are high relative to the national norm of commercial 
lamb and sheep prices and may be inflated by the belief that superior breed-
ing stock should command a premium. 

An area that has progressively increased in size and scope and is also in 
the public eye as a form of entertainment is the Junior Club lamb (market 
lambs) shows and exhibitions. As with other niche areas, exact numbers are 
difficult to obtain. W. S. Ramsey (personal communication, 2007) estimated 
that 4-H and Future Farmers of America (FFA) sheep projects in Texas 
involve over 40,000 sheep and lambs. Youth who belong to organizations 
catering to those interested in animal agriculture, such as 4-H and FFA, 
are allowed to exhibit livestock at county fairs and at regional, state, and 
national exhibitions. Like the purebred breeders mentioned earlier, sales of 
lambs and sheep to these markets offer opportunities for producers to cater 
to a specialty clientele that intend to exhibit their animals in a public arena. 
Purebred producers, club lamb producers, and breeders who cater to the 
specialty wool market all have an established niche in the sheep, lamb, and 
wool industry. Although the size of this market is not a main driver in the 
sheep, lamb, and wool industry, the availability of specialized marketing 
opportunities for these animals adds value (significant in some cases) to 
producers and is available to small- and large-scale producers. 
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Specialty Wool Markets

Small wool mills, often called mini-mills, produce wool yarn for spe-
cialty markets and, in some cases, produce wool fabrics and finished 
products. A mini-mill may process from 20 to 100 tonnes of scoured wool. 
One mill purchased approximately 2.3 tonnes of finer raw wool from a 
western producer at a 40 percent premium over current market price and 
spun the wool into high‑quality fine wool yarn that sold for over $45/kg. 
Some producers sell their raw wool, often naturally colored wools, to hand 
spinners that may result in sales of as much as $50–$100 of wool per ewe 
per year. The number of small retail outlets and hand spinners listed on 
the Internet is rapidly increasing. Internet-based resources, targeted to cot-
tage industries, offer opportunities to small, niche producers. This includes 
naturally colored wool and spinning fibers. Although the specialty wool 
market continues to be an important one for select buyers and sellers, the 
size of the market is difficult to measure because of the use of Internet and 
private party sales. 

MAJOR ACCOMPLISHMENTS, OPPORTUNITIES, AND 
CHALLENGES OF ALTERNATIVE AND EMERGING MARKETS

The production of alternative lamb and sheep products represents 
growing value to the U.S. sheep and lamb industry. The exact value of the 
various segments is difficult to measure, but its worth is larger than that 
captured by sales at the auction markets. For example, an addition to the 
value of lamb sales in live animal markets would be the value of animals 
sold through direct, private negotiations arranged through Internet, local 
marketing areas, and neighbor transactions. 

Major Accomplishments in Alternative and Emerging Markets

The ability to raise sheep on relatively small farms and the availability 
of marketing opportunities through the Internet support the growth of 
these types of informal markets. At the same time and to a limited extent, 
producer groups and processors handling animals on a larger scale are look-
ing at opportunities to dedicate plant capacity to processing animals for 
ethnic (e.g., halal) and specialized (e.g., organic) markets. The growth and 
success of alternative and emerging markets, including specialized trade for 
ethnic markets, organic markets, dairy, wool, and club lambs, indicate how 
resourceful the industry has become in adjusting to changes taking place in 
the traditional markets. However, without better data on the numbers of 
animals in various segments of the industry, it is difficult to monitor and 
assess the full scope of industry value. 
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More specifically, the major accomplishments in alternative and emerg-
ing markets include the following:

•	 Development and growth of ethnic markets. The nontraditional 
markets serving several ethnic groups seem to be growing rapidly, sourcing 
live lambs across the United States, for direct sale to custom abattoirs or to 
consumers. Initially found primarily in East Coast and California markets, 
these markets are becoming established in other metropolitan areas as ethnic 
groups become larger in these centers and create the sustained demand for 
such products as halal and kosher meats.

•	 Development of specialty and high-end markets. Some high-end res-
taurants and specialty meat retailers have begun sourcing whole carcasses, 
sometimes specifically sourcing quality live animals for custom slaughter, 
for animals meeting such conditions as sustainable production, “locally 
grown,” organic, and related characteristics relevant to their own custom-
ers. They price cuts to meet the local demand and in a way that sells the 
entire carcass. One restaurant chef the committee interviewed was sourcing 
live animals, custom slaughtering and moving the entire carcass through 
the menu of the restaurant, priced in a way to ensure all cuts were used in 
proportion to the whole carcass. 

•	 An emerging market for sheep milk products. A dynamic and grow-
ing market for sheep milk products is emerging, particularly in New England 
and the north central United States. This industry is in its infancy and re-
mains a very small element in the overall sheep and lamb industry. However, 
with the growth in high-end, exotic retail products, it has already begun to 
serve as an alternative to imported sheep milk products.

•	 A growing market for specialized wool. The specialized wool markets 
have been emerging through clubs, fairs, exhibitions, and the Internet for 
the production of specialty wools, including naturally colored wools. The 
demand for these wools comes primarily from the cottage industry level, 
offering quality, hand‑made wool products appealing to higher‑income 
families.

•	 Introduction and development of new breeds for specialty markets. 
New breeds are being introduced into the United States with specific char-
acteristics for the farm operation or to meet specialty product markets. Hair 
sheep remove the need to shear annually; naturally colored wool sheep offer 
opportunities in the hand‑weaving industry; selected breeds offer higher 
sustained milk production for the sheep milk industry. Hair sheep, with 
smaller carcass size, are also well suited to ethnic and other local markets 
for fresh, whole lamb products.

•	 Continued support of club lambs. Club lambs continue to be popular 
through 4-H and similar organizations, enabling youth to experience rais-
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ing and caring for animals, and competitive presentation at local fairs and 
exhibitions.

Major Opportunities and Challenges Facing  
Alternative and Emerging Markets

The traditional ranched and farmed sheep and lamb production systems 
have been contracting for a long period, whereas the alternative value chains 
and product pathways represent the growth components of the industry in 
very recent years. While the traditional value chains for lamb may continue 
to contract, there are real opportunities for considerable growth in the 
nontraditional, emerging, and alternative markets for both lamb meat and 
specialty wools as well as sheep milk products.

The major opportunities for alternative and emerging markets include 
the following:

•	 Sheep milk production and marketing. Continued growth and devel-
opment of the sheep milk products market offers both high-quality product 
and high return in specialized markets. Over time, this emerging market 
can displace imports of similar products coming principally from Europe. 
To support this growth, improved breeds for milk production, improved 
technology for handling sheep milk throughout the year, and expansion of 
sheep milk dairies and transportation systems can contribute to the rate of 
growth in this market.

•	 Growing cottage industry in hand spinning and weaving. The cottage 
industry in hand spinning and weaving offers a very small but growing mar-
ket for further development. It will require improved and expanded herds 
of specialty wool sheep, and further development of market infrastructure  
beyond the local cottage industry character today.

•	 Developing access to emerging and alternative markets for the tra-
ditional sectors of the industry. The traditional ranched and farmed sheep 
industry has had very limited entry into the ethnic and religious markets, 
markets that seem to be expanding rapidly in the major U.S. metropolitan 
areas. The major packers have concentrated their efforts on meeting the 
competition with other meats in the large-footprint food chains. Gaining 
access to and serving the emerging and alternative markets for ethnic and 
religious groups, as well as organic meats, could represent an expansion 
of demand for lamb products for these traditional lamb value chains. 
Also, lamb is well suited to growing market channels for locally produced 
meats. 

Expanding the alternative and emerging markets offers considerable 
challenge to the industry and to government. The limited information on 
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these markets, the value chains, and product pathways make it quite difficult 
to determine market opportunity, size, and characteristics required for con-
siderable growth. Regulatory systems, either by government or as industry-
established standards, could prove very useful in market development.

The major challenges facing alternative and emerging markets include 
the following:

•	 Measuring the size of the market. Anecdotal evidence, marketing 
information (listed on various Internet-based websites such as SheepGoat-
Marketing.info), and presentations to the committee as part of this study 
all suggest that a small but significant amount of lamb marketed in the 
United States, and especially during religious holidays, is sourced directly 
from farms or small abattoirs. Lamb marketed in this way is not necessarily 
inspected through federally or state‑inspected facilities, nor recorded in the 
official USDA slaughter data. As a result, using the USDA‑published data 
on number of head slaughtered may not accurately portray the full extent 
of meat consumed or the demand occasioned by these religious periods. 
One implication is that estimates of changes in seasonal demand attributed 
to religious holidays may be understated. To the extent this segment of the 
industry continues to grow, the official data will continue to register an 
industry in decline rather than an industry in transition.

•	 Potential barriers to growth of the certified organic market. Devel-
opment of the organic market for lamb is spread throughout the United 
States. Because sheep production often occurs in forage and field locations, 
the production of animals is well suited to transition to organic production, 
although some parasite control may become a larger issue as more lambs are 
finished on grass and producers seek to fill the growing demand for natural, 
grass-fed, and organic food. The leveling‑off of growth in certified organic 
sheep numbers suggests that there may be barriers to growth of this market. 
One possibility is that the lack of processing facilities certified to process 
organic sheep has hampered the growth of organic production. Without use 
of certified processing methods, the final product cannot be sold as certified 
organic and fully capture the premium associated with organic production 
methods. 

Another possibility is that increasing consumer interest in locally pro-
duced meats or meats produced by “family-owned” farms may have allowed 
producers to take advantage of higher premiums for local production or 
“sustainably produced” attributes without needing to fully transition their 
production practices to organic methods. Consumers have expressed strong 
interest in “natural” products, and it is easier to meet the natural require-
ments than to be certified organic. Lamb is well suited for natural production 
because lambs usually do not receive growth promotants or antibiotics. One 
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major distributor of quality, “high-end” meats (Niman Ranch) for specialty 
stores and for freezer‑ready and restaurant sales, for example, promotes 
the lamb served as raised on “environmentally sustainable” ranches with 
no antibiotics or added growth hormones. However, the distributor makes 
no specific claims of “certified organic” production methods. Measures of 
the high-end market producing “environmentally sustainable,” “naturally 
raised” lamb product may capture much of the potential organic market. 
Documenting the size of this segment of the industry is difficult. Some, 
though not all, transactions take place in direct marketing, and the total 
number of producers and distributors is small. Voluntary industry standards 
will help producers distinguish their products in the marketplace and cap-
ture added value from some of the production (and processing) practices 
preferred by some consumers (USDA, 2007c). 

•	 Marketing challenges for specialty products. A major challenge for 
the development of alternative markets is managing growth and size. Pro-
viding product to restaurants, national distributors, or even successful local 
distribution channels requires the ability to meet the demand for product 
that may, at times, exceed existing capacity. Newly emerging areas of the 
industry—including producers catering to local or ethnic markets, organic 
producers, and dairy producers—involve different participants than the 
traditional industry players. Dairy sheep cheese may require input from 
imported product or frozen stocks; delivery to restaurant buyers may require 
the capacity to deliver minimum level of supply; supplies of halal‑processed 
meat have seasonal demands that require delivery of lamb to market. New 
information technology has been very useful to the development of alterna-
tive and emerging markets for the lamb and sheep industry. The ability to 
identify buyers and sellers through Internet-based resources allows access 
to local and national markets for specialty products. This new technology 
widens market access. Successful efforts are often started through public 
support (federal grants or state extension). Without some university or 
public support, it may be difficult to sustain the information base and 
infrastructure. Good data on the size of the market are critical to better 
understand the emerging industries related to the production of sheep and 
lamb and to promote its development.

•	 Identifying the effects of ethnic change on future demand. Although 
based on a simple model of the U.S. demand for lamb in selected periods 
of the year, the analysis of ethnic demand for lamb reported in this chapter 
suggests that the U.S. lamb market is clearly undergoing considerably more 
change in recent years than the persistent decline in sheep and lamb inven-
tories would suggest. Based on the consistency of the findings, the results 
point to an identified need for substantially more research using more pow-
erful methodologies to explore the reshaping of lamb demand in the United 
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States. However, in addition to use of more sophisticated model structure, 
a key component to better understanding the changes in lamb demand rests 
on having better data. Although some part of the ethnic market may shift to 
more tractable market channels (processing and retail) as the sector matures, 
the omission of many direct sales and transactions that may characterize 
the lamb market proportionately more than other meats indicates the need 
to look closely at methods for collecting better data on the segment of the 
industry that serves growing ethnic markets.

•	 An integrated approach to addressing research needs. Research in-
volving all industry segments from production through live animal market-
ing, processing, distribution, and merchandising to meet consumer needs 
for these niche markets for lamb should be given priority. An integrated 
approach to including nontraditional segments of the industry, and value-
added production and processing opportunities should be included in re-
search on production and marketing of lamb products.
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Appendix 

This appendix describes an initial analysis conducted to examine the 
effects of ethnic markets on U.S. lamb demand, specifically, the impact of 
Christian, Orthodox, and Muslim holy periods on lamb slaughter. The 
slaughter data for commercial lamb and yearlings by month were assembled 
for the period 1970–2004. The data represented head (thousands) of lambs 
and yearlings slaughtered each month, including both federally inspected 
slaughter and non-federally inspected slaughter. 

Data Issues

An immediate difficulty is that U.S. domestic lamb and yearling slaugh-
ter stood at nearly 10 million head in 1970 with a strong downward trend 
to 2.6 million head in 2004. To remove the time trend effect in lamb and 
yearling slaughter, a monthly index of slaughter was calculated for each 
month for each year so that the sum of the 12 monthly indexes in each year 
summed to 1200. These indexes were then used to calculate the slaughter 
level in each month as a prediction, based on the average seasonality by 
month in the data for the entire period. The difference between the actual 
and predicted slaughter levels was then used as the dependent variable in 
the regressions. Effectively, the dependent variable displays any variation 
from the long-term average seasonal trends by month in the data, presumed 
to occur because of the religious holy days.

Because the data on slaughter are available for the Gregorian calendar 
months, the dates for Orthodox and the Muslim holy days needed to be 
converted to Gregorian dates. The Hijri calendar commonly used within 
North America was used for the Muslim date conversions. Similarly, the 
dates for Orthodox Easter were calculated by converting the Hebrew cal-
endar dates to Gregorian dates.� For the Orthodox and Christian Easter, a 
dummy variable was constructed with a value of 1 for the month in which 
the 9 days prior to the two Easter dates occurred, and 0 otherwise. When 
the two 9‑day periods stretched over 2 months, the dummy variable was 
assigned the proportion of days falling in each of the 2 months. In all cases, 
the dummy variable summed to 1 for the 2 months. Several lead times other 
than 9 days were examined, ranging from 4 to 15 days. Based on R2 and F-
values for the regressions, 9 days was selected, giving nearly identical results 
with an 8‑day lead time. Little difference in the coefficients was found over 
the various lead times although the R2, F-values, and t-tests were highest 
using a 9-day lead.

�Orthodox Easter follows the Hebrew calendar, falling on the same day as Jewish Passover. 
For date conversion from Hijri to Gregorian calendars, see Alnaseej (2007). For Gregorian and 
Hebrew date conversions, see Radwin (2007). 
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For Ramadan, a dummy variable was constructed with a value of zero 
for months with no days during Ramadan and Eidu al-fitr and a sum of 1 
for months in which Ramadan occurred. Since Ramadan usually falls across 
two Gregorian months, the proportion of days of Ramadan plus Eidu al-fitr 
in the Gregorian month was used for the dummy variable. That is, if 20 days 
of Ramadan occurred in May, then the dummy for May would be 20 divided 
by 29, where 29 is the number of days from the beginning of Ramadan to 
the end of Eidu al-fitr. Similarly, June would have the remainder of the Ra-
madan period with a dummy variable value of 9 divided by 29. The month 
in which Eidu al-adha fell was assigned a value of 1 and zero otherwise. 

As well, the datasets were divided into two parts, before 1991 and af-
ter 1990 for the Easter, Eidu al-adha, and Ramadan-Eidu al-adha dummy 
variables. Dummy variables were constructed for each of the Easter, Eidu 
al-adha, and Ramadan-Eidu al-adha variables, the first for all months before 
January 1991 and the second for all months from January 1991 to the end 
of the dataset, December 2004. The purpose was to determine if the impact 
of these events was growing stronger over time. The issue is whether there 
is a growing trend to consume lamb during these holy periods. 

One of the difficulties in examining the data is that while Passover 
remains within the period of March–April each year, Ramadan advances 
several days per year over the entire year. Whenever Ramadan and Passover 
coincide in the same months, separating the effects of each is problematic. 
As a result, two additional Ramadan dummy variables were constructed. 
The first of these (Ramadan outside Passover) was for the months in which 
Ramadan and Passover did not overlap and the second (Ramadan Passover 
overlap) was for those months when the two periods overlapped.

Because of the religious nature of the demand for lamb during these 
religious holidays, price was expected to be far less of a factor affecting 
demand during those periods than is the case generally for lamb. As well, 
substitution of lamb for other meats is not considered. To the extent that 
income or price play a role in the additional demand during these religious 
periods, they may be expressed in the quality and source of the cuts pur-
chased, limiting the impact of price during these periods. Nonetheless, the 
USDA price series for slaughter lambs was included in all of the equations 
(USDA, 2006b). 

Model

Four equations were formulated and estimated using OLSL:

Zij = α + γPij + β1D1ij + β2D2ij + 
β3D3ij + β4D4ij + β5D5ij + β6D6ij + ε ij  	 (1)

Zij = α + γPij + β1D1ij + β2D2ij +
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β3D3ij + β4D4ij + β5D5ij + β7D7ij + β8D8ij +ε ij  	 (2)

Zij = α + γPij + β1D1ij + β2D2ij + 
β3D3ij + β4D4ij + β5D5ij + β9D9ij + β10D10ij +ε ij  	 (3)

Zij = α + γPij + β1D1ij + β2D2ij + 
β3D3ij + β4D4ij + β5D5ij + β9D9ij + ε ij  		  (4)

where:	  
Yij 	 =	� number of head (thousands) slaughtered in month i 

and year j, for i = 1,2,3,…,12 and j = 1970, 1971, 
1972,…,2004.

Yj 	 = 			�   = number of head (thousands) slaughtered 
in year j

Yi	 =	

Yij
i=
∑

1

12

 = 	� number of head (thousands) slaughtered 
in month i for all years.

(Yij/Yj )*1200	 =	� Iij for all i and j = monthly index of slaughter head 
numbers such that:

		   
Iij

i=1

12

∑
= 1200 for all j.

Iij * Yj /1200	 =	� calculated number of head (thousands) of lambs and 
yearlings slaughtered, based on long term seasonal/
monthly slaughter patterns.

Zij 	 =	� Yij – Iij * Yj /1200 which equals the difference between 
actual and calculated slaughter by month.

Pij 	 =	 USDA monthly price series for slaughter lambs.
D1ij 	 =	� dummy variable, 1 for any month in which the nine 

days prior to Orthodox and Christian Easter occurs 
for the years 1970 to 1990, 0 otherwise; where the 
nine days falls across two months, the proportion of 
days in each month is used.

D2ij 	 =	� dummy variable, 1 for any month in which the nine 
days prior to Orthodox and Christian Easter occurs 
for the years 1991 to 2004, 0 otherwise; when the 
nine days falls across two months, the proportion of 
days in each month is used.

D3ij 	 =	� dummy variable, 1 for any month in which Eidu 

Yij
j

∑
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al-adha occurs for the years 1970 to 1990, 0 
otherwise.

D4ij 	 =	� dummy variable, 1 for any month in which Eidu 
al-adha occurs for the years 1991 to 2004, 0 
otherwise.

D5ij 	 =	� dummy variable, the proportion of days of the month 
within Ramadan plus Eidu al-fitr, 0 otherwise.

D6ij 	 =	� dummy variable, the proportion of days of the month 
within Ramadan plus Eidu al-fitr for the years 1970 
to 2004, 0 otherwise.

D7ij 	 =	� dummy variable, the proportion of days of the month 
within Ramadan plus Eidu al-fitr for the years after 
1990, 0 otherwise.

D8ij 	 =	� dummy variable, the proportion of days of the month 
within Ramadan plus Eidu al-fitr when Ramadan plus 
Eidu al-fitr does not occur during the same month as 
Orthodox and Christian Easter, 0 otherwise.

D9ij 	 =	� dummy variable, the proportion of days of the month 
within Ramadan plus Eidu al-fitr, 0 when Ramadan 
plus Eidu al-fitr occurs during the same month as 
Orthodox and Christian Easter, 0 otherwise. 

Three price series were used with each of the equations with the excep-
tion of equation (2) in the case of the Sioux Falls price series. Since the price 
series began in 1990, equations (1) and (2) were virtually identical. In no 
case was the coefficient β7 significant in equation (3). As a result, equation 
(4) was included without the D7ij dummy variable. The results of selected 
regressions are shown in Table 7A-1.

Results

The price coefficients across all equations are highly significant in all 
cases and all within a very narrow range of –0.192 to –0.219. This indicates 
that purchases of lamb are quite sensitive to price for the holy events. This 
result was somewhat unexpected as noted earlier. The consequence is that 
considerably more research needs to be done to explore the substitutability 
of lamb with other meats during these periods as one means of determining 
price strategies for distributors. Similarly, the complementarity of lamb with 
other foods also needs further exploration.

For the Easter variables (D1ij and D2ij), the results show that the effect 
of Easter is insignificant in the earlier period (1970 to 1990) but highly 
significant and much larger in the later period (1991 to 2004) across all 
four equations. As well, the coefficients for the later period are considerably 
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larger and statistically different from the coefficients for the earlier period. 
This pattern of insignificance for the period 1970 to 1990 and greater sig-
nificance for the period 1991 to 2004 was also found for the coefficients 
for Ramadan and Eidu al-adha (D3ij and D4ij). In the case of the Ramadan 
coefficients, these were only statistically significant for periods when Easter 
and Ramadan did not overlap in time. 

For equation (3), the coefficient for “Ramadan Easter overlap” is un-
expectedly negative although insignificant. As a result, this variable was 
dropped from the equation and reestimated as equation (4). The coefficient 
for Ramadan outside the Easter period is nearly identical to the coefficient 
in equation (3) and highly significant in both cases.

For the Easter period after 1990, the results suggest that an additional 
42,000 to 46,000 head of lambs are consumed because of Easter. This repre-
sents about 8 percent of the average disappearance in March and April and 
about 1.7 percent of annual disappearance based on harvest levels in 2004. 
Similarly, there appears to be an additional demand for 18,000 to 19,000 
lambs in the months when Eidu al-adha occurs after 1990, representing 
about 7 percent of average monthly disappearance. In the case of Rama-
dan for the period 1991–2004, there is an additional demand of 16,700 to 

TABLE 7A-1  Regression Results of Religious Holidays on Lamb  
Disappearance

  Equation (1) Equation (2) Equation (3) Equation (4)

    Standard   Standard   Standard   Standard  
Variable Coefficient Error t-Value Coefficient Error t-Value Coefficient Error t-Value Coefficient Error t-Value

Intercept 9.88 5.58 1.77 10.80 5.68 1.90 8.88 5.56 1.60 9.06 5.57 1.63
USDA Price –0.20 0.08 –2.43 –0.22 0.09 –2.56 –0.19 0.08 –2.30 –0.20 0.08 –2.39
Easter 1970–1990 1.94 7.63 0.25 2.30 7.64 0.30 4.69 7.66 0.61 3.39 7.62 0.44
Easter 1991–2004 42.84 9.19 4.66 42.23 9.22 4.58 46.34 9.24 5.01 44.38 9.17 4.84
Eidu al-adha 1970–1990 3.34 6.67 0.50 3.20 6.67 0.48 3.71 6.63 0.56 3.96 6.64 0.60
Eidu al-adha 1991–2004 18.67 8.38 2.23 19.00 8.39 2.26 18.03 8.33 2.16 18.87 8.33 2.27
Ramadan 8.67 6.56 1.32      
Ramadan 1970–1990   4.10 8.28 0.50    
Ramadan 1991–2004   15.58 10.08 1.55    
Ramadan Outside Easter     16.74 7.28 2.30 17.23 7.29 2.36
Ramadan Easter Overlap     –20.35 13.40 –1.52  
Multiple R 0.28   0.28   0.30   0.30  
R2 0.08   0.08   0.09   0.09  
Adjusted R2 0.06   0.06   0.08   0.07  
Standard Error 29.92   29.93   29.74   29.79  
F 5.89   5.16   5.99   6.58  
Observations      420          420           420         420    
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TABLE 7A-1  Regression Results of Religious Holidays on Lamb  
Disappearance

  Equation (1) Equation (2) Equation (3) Equation (4)

    Standard   Standard   Standard   Standard  
Variable Coefficient Error t-Value Coefficient Error t-Value Coefficient Error t-Value Coefficient Error t-Value

Intercept 9.88 5.58 1.77 10.80 5.68 1.90 8.88 5.56 1.60 9.06 5.57 1.63
USDA Price –0.20 0.08 –2.43 –0.22 0.09 –2.56 –0.19 0.08 –2.30 –0.20 0.08 –2.39
Easter 1970–1990 1.94 7.63 0.25 2.30 7.64 0.30 4.69 7.66 0.61 3.39 7.62 0.44
Easter 1991–2004 42.84 9.19 4.66 42.23 9.22 4.58 46.34 9.24 5.01 44.38 9.17 4.84
Eidu al-adha 1970–1990 3.34 6.67 0.50 3.20 6.67 0.48 3.71 6.63 0.56 3.96 6.64 0.60
Eidu al-adha 1991–2004 18.67 8.38 2.23 19.00 8.39 2.26 18.03 8.33 2.16 18.87 8.33 2.27
Ramadan 8.67 6.56 1.32      
Ramadan 1970–1990   4.10 8.28 0.50    
Ramadan 1991–2004   15.58 10.08 1.55    
Ramadan Outside Easter     16.74 7.28 2.30 17.23 7.29 2.36
Ramadan Easter Overlap     –20.35 13.40 –1.52  
Multiple R 0.28   0.28   0.30   0.30  
R2 0.08   0.08   0.09   0.09  
Adjusted R2 0.06   0.06   0.08   0.07  
Standard Error 29.92   29.93   29.74   29.79  
F 5.89   5.16   5.99   6.58  
Observations      420          420           420         420    

17,250 lambs, about 7 percent of average monthly disappearance, whenever 
Ramadan and Easter do not occur in the same months.

Across all equations, the R2 is low as expected because of the construc-
tion of the independent variable. Nonetheless, the F-value is consistently 
significant in all cases.

In general, there appears to be a discernable impact of the Muslim 
holiday periods and the Christian and Orthodox Easter holiday periods 
on the disappearance levels of lamb and yearlings. As well, the impact of 
these holidays appears to be increasing with time. To the extent that some 
lamb is purchased directly from farms and not recorded in official tallies of 
slaughter, these results underestimate the impact of these religious periods. 
As well, because of the construction of the independent variable, there will 
also be some (minor) underestimation of the religious event impacts.

Other datasets were examined as well using the above methodology, 
although the results are not shown here. Prices for slaughter lambs from the 
San Angelo, Texas, and Sioux Falls, South Dakota markets were substituted 
for the USDA price in the equations. These price datasets were constructed 
from price series obtained through the courtesy of the Livestock Market-
ing Information Center (LMIC, 2007). In these cases, coefficients and their 
significance levels were quite similar to those reported above. 
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Appendix A

Committee Statement of Task

A committee of experts will prepare a report based on a study of the 
economic development and current status of the U.S. sheep indus-
try. The study will examine the structure of the industry, including 

the nature of the businesses in the industry, the production and marketing 
systems used in each sector, and the challenges of disease, predation, sheep 
biology, and genetic resources on production efficiency and competitiveness.  
The study will examine each product and service sector of the industry in 
detail, including meat, wool, live animals, pelts, milk, other byproducts, 
and supporting businesses, and describe the influence of regulation, product 
pricing, market demand patterns and projections, and international trade 
issues affecting commercial activities. The study will also explore the role 
of land stewardship in sheep production. The committee’s report will sum-
marize the findings of the study and identify major accomplishments of the 
past and challenges to the industry in the future. However, the committee 
will not make recommendations related to policy issues, such as regulatory 
matters, industry support, or international trade.
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Appendix B

Abbreviations and Acronyms

ABARE	 Australian Bureau of Agriculture and Resource Economics
ABS	 Australian Bureau of Statistics
ADAA	 Animal Drug Availability Act
AFD	 Average fiber diameter
AFO	 Animal feeding operation
AI	 Artificial insemination
AIN	 Animal identification number
ALB	 American Lamb Board
ALBC	 American Livestock Breeds Conservancy
AMA	 Alternative marketing arrangement
AMS	 Agricultural Marketing Service (USDA)
APHIS	 Animal and Plant Health Inspection Service (USDA)
ARC	 Agricultural Research Council (UK)
ARS	 Agricultural Research Service (USDA)
ASGC	 American Sheep and Goat Center
ASI	 American Sheep Industry Association
ASPC	 American Sheep Producers Council
ATC	 Agreement on Textiles and Clothing
ATMI	 American Textile Manufacturers Institute
AUD	 Australian dollar
AVMA	 American Veterinary Medical Association
AWC	 Australian Wool Council
AWEX	 Australian Wool Exchange
AWI	 Australian Wool Innovation
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BBC	 British Broadcasting Corporation
BCR	 Benefit:cost ratio
BCTRC	 Boneless, closely trimmed, retail cuts
BI	 Bioelectrical impedance
BLM	 Bureau of Land Management
BOU	 Bellies out untied
BSE	 Bovine spongiform encephalopathy

CAFO	 Concentrated animal feeding operation
CCC	 Commodity Credit Corporation
CERI	 Cotton Economics Research Institute
C-FARE	 Council on Food, Agricultural, and Resource Economics
CFR	 Code of Federal Regulations
CJD	 Creutzfeldt-Jakob disease
CL	 Caseous lymphadenitis
CNS	 Central nervous system
COOL	 Country-of-origin labeling
CP	 Crude protein
CR4	 Concentration ratio (four-firm)
CRIS	 Current Research Information System
CSREES	 Cooperative State Research, Education, and Extension Service 

(USDA)
CWD	 Chronic wasting disease
CWFP	 Clean wool fibers present
cwt	 Hundredweight (100 pounds)

DCP	 Demand constant price
DNA	 Deoxyribonucleic acid
DSANA	 Dairy Sheep Association of North America

EA	 Environmental assessments
EF	 East Friesian 
EIA	 Environmental impact analysis
ELRRPP	 Ewe Lamb Replacement and Retention Payment Program
EPA	 Environmental Protection Agency (U.S.)
EPD	 Expected progeny difference
EPT	 Elasticities of price transmission
ERS	 Economic Research Service (USDA)
ESA	 Endangered Species Act
EU	 European Union

FAO	 Food and Agriculture Organization of the United Nations
FDA	 Food and Drug Administration (U.S.)
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FFA	 Future Farmers of America
FFI	 Fatal familial insomnia
FMD	 Foot and mouth disease
FOB	 Free on board
FSA	 Farm Service Agency
FSE	 Feline spongiform encephalopathy
FSIS	 Food Safety and Inspection Service (USDA)
FSVM	 Food supply veterinary medicine
FTE	 Full-time equivalent
FWS	 Fish and Wildlife Service (U.S. Department of the Interior)
FY	 Fiscal year

GATT	 General Agreement on Tariffs and Trade
GIN	 Group identification number
GSS	 Gerstmann-Sträussler-Scheinker disease
GW	 Grease weight

HAACP	 Pathogen reduction/hazard analysis and critical control point
HRI	 Hotel, restaurant, and institution

ID	 Identification
IFANCA	 Islamic Food and Nutrition Council of America

LA	 Lacaune
LDP	 Loan deficiency payment
LMAs	 Long-term marketing arrangements
LMR	 Livestock mandatory reporting
LRP	 Livestock risk protection
LVS	 Lamb vision system

MAL	 Marketing assistance loan
MAP	 Mycobacterium avium, subspecies paratuberculosis
MBM	 Meat and bone meal
MFA	 Multifiber arrangement
MPR	 Mandatory price reporting
MUMS	 Minor Use and Minor Species (Act)

NAHMS	 National Animal Health Monitoring System
NAHSA	 North American Hair Sheep Association
NAIS	 National Animal Identification System
NAS	 National Academy of Sciences
NASS	 National Agricultural Statistics Service (USDA)
NCERA	 North Central Education and Research Activity
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NCTO	 National Council of Textile Organizations
NEPA	 National Environmental Policy Act
NFCS	 Nationwide Food Consumption Survey
NLFA	 National Lamb Feeders Association
NIAA	 National Institute for Animal Agriculture
NIDT	 National Identification Development Team
NLPA	 National Livestock Producers Association
NMCS	 National Meat Case Study
NPB	�������������������   National Pork Board
NPPC	 National Pork Producers Council
NRC	 National Research Council
NSEP	 National Scrapie Eradication Program
NSIIC	 National Sheep Industry Improvement Center (USDA)
NSIP	 National Sheep Improvement Program
NZD	 New Zealand dollar

OB	 Original bag
OECD	 Organisation for Economic Co-operation and Development
OGP	 Optical grading probe
OIE	 World Organization for Animal Health
OJD	 Ovine Johne’s disease
OLSL	 Ordinary least squares level
OPP	 Ovine progressive pneumonia

P.L.	 Public law
PDL	 Polynomial distributed lag
PMCI	 Producers Marketing Cooperative, Inc.
PMO	 Pasteurized Milk Ordinance

RBA	 Reserve Bank of Australia
RE	 Ram epididymitis
RMA	 Risk Management Agency
RTI	 Research Triangle Institute International
RTU	 Real-time ultrasound

SEAC	 Spongiform Encephalopathy Advisory Committee (United 
Kingdom)

SFCP	 Scrapie Flock Certification Program
SGRJ	 Sheep & Goat Research Journal
SID	 Sheep Industry Development
SKU	 Stock keeping units
SNZ	 Statistics New Zealand
SOSS	 Scrapie ovine slaughter surveillance
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SPA	 Standardized performance analysis
SSQA	 Sheep Safety and Quality Assurance 

TAHC	 Terrestrial Animal Health Code
TAMRC	 Texas Agribusiness Market Research Center
TB	 Tuberculosis
TES	 Threatened and endangered species
TME	 Transmissible mink encephalopathy
TOBEC	 Total body electrical conductivity
TRQ	 Tariff rate quota
TSC	 Table skirted and classed
TSE	 Transmissible spongiform encephalopathy

UK	 United Kingdom
USAHA	 U.S. Animal Health Association
USCB	 U.S. Census Bureau
USC	 U.S. Code
USD	 U.S. dollar
USDA	 U.S. Department of Agriculture
USDC	 U.S. Department of Commerce
USDHHS	 U.S. Department of Health and Human Services
USDI	 U.S. Department of the Interior
USFS	 U.S. Forest Service
USITC	 U.S. International Trade Commission

vCJD	 Variant Creutzfeldt-Jakob disease
VIA	 Video image analysis
VSFCP	 Voluntary Scrapie Flock Certification Program

WERA	 Western Education and Research Activity
WHO	 World Health Organization
WLB	 Wyoming Livestock Board
WRA	 Western Range Association
WSDC	 Wisconsin Sheep Dairy Cooperative
WTO	 World Trade Organization
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Appendix C

Committee Member Biographies

Gary W. Williams (chair) is professor and coordinator of the Texas Agribusi-
ness Market Research Center in the Department of Agricultural Economics 
at Texas A&M University. Williams received a B.S. (1974) in economics 
from Brigham Young University and an M.S. (1977) and Ph.D. (1981) in 
agricultural economics from Purdue University. He has been a member of 
the American Agricultural Economics Association since 1976, and served on 
the editorial council of the Journal of Agricultural and Resource Economics 
from 2001 to 2003. From 1992 to 1994, he served on the National Research 
Council’s Committee on Livestock Disease Eradication: Bovine Tuberculo-
sis. Williams’ research has focused on lamb production and consumption 
and the effects of policy on domestic and international trade. He is an expert 
in agricultural economics and the sheep industry and lamb market.

DeeVon Bailey is professor and extension marketing specialist in the Depart-
ment of Economics at Utah State University. Bailey received a B.A. (1980) 
in economics, an M.S. (1981) in agricultural economics, both from Utah 
State University, and a Ph.D. (1983) in agricultural economics from Texas 
A&M University. He has received awards from the American Agricultural 
Economics Association (1997) and the Western Agricultural Economics 
Association (1997, 2005, and 2006) for outstanding extension projects. 
Bailey has also received the top research award offered by Utah State Uni-
versity (2006) and USU’s top extension award (2003). Bailey is an expert in 
consumer preferences and meat traceability programs in red meat markets. 
He is familiar with the sheep industry in the Northwest and Intermountain 
areas of the United States.
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Oral Capps, Jr. is a professor in the Department of Agricultural Economics 
at Texas A&M University. Capps received a B.S. (1975) in mathematics, an 
M.S. (1977) in agricultural economics, an M.S. (1979) in statistics, and a 
Ph.D. (1979) in agricultural economics, all from Virginia Polytechnic Insti-
tute and State University. He served as president of the Southern Agricultural 
Economics Association from 1992 to 1993 and has received many awards 
for both his research and teaching, including the American Agricultural Eco-
nomics Association Distinguished Teaching Award in 1999, the American 
Council on Consumer Interests’ Applied Consumer Economics Award (co-
recipient) in 1999, and the Agricultural and Resource Economics Review 
Outstanding Journal Article Award (co-recipient) in 2000. Capps’ areas of 
expertise include the economics of health and nutrition, agribusiness, con-
sumer demand analysis, agricultural marketing, evaluation of commodity 
checkoff programs, and applied econometrics.

Linda A. Detwiler is assistant director for the Virginia-Maryland Regional 
College of Veterinary Medicine at the University of Maryland and is a pri-
vate animal health consultant. Detwiler received a B.S. (1980) in dairy sci-
ence from Delaware Valley College of Science and Agriculture and a D.V.M. 
(1984) from the Ohio State University. She has worked in private food ani-
mal practice, but has spent the bulk of her career overseeing public animal 
health programs for USDA APHIS. She has chaired several advisory groups 
for international organizations including the World Health Organization 
(WHO) and the World Organization for Animal Health, as well as national 
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