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ASAS Western Section Young Scholars Program
MN-C. K. Larson (13)*

MT-M. D. MacNeil (13)

ND-G. P. Lardy (13)

CO-J. C. Whittier (13)

WY-G. E. Moss (13)

NM-R. L. Ashley (14)

MT-P. G. Hatfield (14)

WERA-039/WSASAS Sheep Symposium
MT-P. G. Hatfield (13)*

CO-K. M. Cammack (13)

TX-T. R. Whitney (13)

ND-C. S. Schauer (13)

ID-J. B. Taylor (13)



WSASAS Business Meeting
Thursday, June 19,2012 - 7:30 to 9:00 a.m. MDT
Minutes

2011/12 WSASAS Officers:

A. Roberts, President; G. Duff, President Elect; B. Taylor, Secretary/Treasurer; C. Larson,
Industry Representative; R. Cockrum and L. Camacho, Graduate Student Representatives; J.
Whittier, ASAS-Western Board Director.

1.
2.

3.

Call to Order: A. Roberts called the meeting to order at 07:30 a.m.

Approval of the Agenda (see appendix 1): Item 4.2: Replace ]. Sartin with M. Benson;

Item 4.4: Replace D. Crews with A. Roberts; Item 4.5: Replace D. Rule with R. Endecott;

and Item 5.2: delete and replaced with “Comments on future publication of WSASAS

Proceedings.” Modified agenda was approved by general consent.

Approval of the Minutes (see WSASAS Proceedings Vol. 63): M. Salisbury moved and H.

Neibergs second a motion to approve the 2011 Business Meeting minutes. A. Roberts

called for comments/questions; none were made. Motion passed unanimously.

Reports

4.1. Financial: ]. Hemmelgarn presented the report (see appendix 2). A. Roberts called

for comments/questions; none were made. Report was accepted by general
consent.

4.2. ASAS President: M. Benson presented the report. A. Roberts called for

comments/questions; none were made.

4.3. WSASAS President: A. Roberts presented the report. A. Roberts called for

comments/questions; none were made.

4.4, WSASAS Committees

e Advisory and Coordinating: M. Salisbury presented the report (see appendix 3). A.
Roberts called for comments/questions; none were made.

e Necrology: A. Roberts reported that 2 former members of the WSASAS, Tom Dunn
and Dave Morris, had passed away this past year. A. Roberts called for additional
names for the Necrology report; none were made. A. Roberts called for a monument
of silence and remembrance for Tom Dunn and Dave Morris.

¢ Nominating: G. Duff reported the results of the 2012 WSASAS officer elections,
which were:

0 Glenn Duff - President

J. Bret Taylor - President Elect

Jim Berardinelli - Secretary/Treasurer

Connie Larson - Industry Representative

Kelsey Quinn - Graduate Student Representative. A total of 5 graduate

students were nominated for the position.

O O0OO0OOo

A. Roberts called for comments/questions; none were made.

e Beef Symposium: G. Duff reported that the Beef Symposia were well attended and
successful. A. Roberts called for comments/questions; none were made.

e Awards: G. Duff presented the report (see appendix 4a). C. Larson presented the
Applied Animal Science Award supplemental report (see appendix 4b). A. Roberts
called for comments/questions; none were made.

e Graduate Student Paper Competition: H. Neibergs presented the report (see
appendix 5). A. Roberts called for comments/questions. B. Taylor stated that several
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graduate students were not allowed to compete because their membership was

expired; advisors should remind graduate students that ASAS/WSASAS membership

must be renewed each year.

4.5. Academic Quadrathlon: R. Endecott presented the report (see appendix 6). A.
Roberts called for comments/questions. Comments were made about moving the
AQ back to spring. However, it was pointed out that WSASAS had recently visited
this issue, and WSASAS had voted to hold the AQ joint with WSASAS. Other
comments were made about hosting an undergraduate poster/oral competition in
conjunction with the AQ and WSASAS annual meeting.

4.6. Graduate Student Representative: R. Cockrum reported that the Young Scholars
Award proposal was completed and ready for action and comment from the
membership. Further report on the award was carried forward to New Business-
[tem 5.1.

5. New Business

5.1. Young Scholar Award: B. Taylor moved and J. Whittier a motion to incorporate the
Young Scientist Award proposal as presented by R. Cockrum, L. Camacho, and C.
Larson (see appendix 7). A. Roberts called for discussion. R. Cockrum stated that if
the motion passes, comments were welcomed on how to best launch the program
for 2012/13. A. Roberts suggested that a web-based venue should be made
available for the membership to provide comments. . Sprinkle and C. Larson
suggested that the Young Scholar Award should not be considered an award.
Further comments were made that the name should be changed to Young Scholar
Recognition. No other discussion was made. Vote was called and motion passed
unanimously.

5.2. Comments on future publication of the WSASAS Proceedings:

e B.Taylor and M. Wulster-Radcliffe presented the current situation with the
WSASAS Proceedings. Briefly, FASS will no longer produce the WSASAS
Proceedings. For the 2012 Proceedings, ASAS outsourced publication services
for the 2012 WSASAS proceedings at 1/3 the cost normally charged by FASS.
ASAS-JAS has requested the WSASAS consider: (1) using Manuscript Central as
the submission venue for future proceedings, (2) changing the proceedings to a
peer-reviewed publication, (3) changing the style and format to match JAS, (4)
establishing a memorandum-of-understanding with ASAS-JAS on how the
proceedings is to me managed in the future. A. Roberts called for
comments/questions, which were voiced by D. Hallford, J. Sprinkle, S. Ivey, ].
Whittier, T. Ross, A. Roberts, C. Schauer, and G. Duff. Questions/Comments
were: (1) Will publishing data in a “peer-reviewed” WSASAS Proceedings
preclude the data from being published in a peer-reviewed journal as original
research? (2) Can proceedings submissions be rejected? If rejected, how will
appeals be handled? (3) Will editors for the proceedings be selected within the
Western Section membership? (4) Will the volume number be consecutive with
pervious proceedings? (5) Will the “look” be altered? (6) Will submission
deadlines be earlier in the year? (7) Will ASAS, JAS, or WSASAS received funds
from proceeding sales? (8) How will “proceeding submitters” that have no
intention of presenting at the WSASAS meeting be identified and culled from
the final proceedings publication? (9) How will proceedings papers for the
Graduate Student Paper Competition be handled?
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e A Roberts stated that an e-based comment and question venue will be establish
to receive input from the WSASAS membership before the WSASAS Executive
Committee makes a final decision.

e A.Roberts established a committee to work with ASAS-JAS in finalizing the
publication processes of future WSASAS Proceedings. Volunteers were: D.
Hallford, J. Whittier, B. Taylor, and C. Schauer.

6. Transfer of the Gavel: A. Roberts transferred to gavel to President-elect, G. Duff. G. Duff
presented A. Roberts with service recognition plaque.
7. Adjourn - G. Duff adjourned the meeting at 8:56 a.m.
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Appendices

Appendix 1
WSASAS Business Meeting
Thursday, June 19, 2012 — 7:30 to 9:00 a.m. MDT
Sheraton, Phoenix — South Mountain Room
AGENDA
1. Callto Order A. Roberts
2. Approval of the Agenda A. Roberts
3. Approval of the Minutes A. Roberts
4. Reports
4.1. Financial B. Taylor, J. Friedrich
4.2. ASAS President J. Sartin
4.3. WSASAS President A. Roberts
4.4. WSASAS Committees
e Advisory and Coordinating M. Salisbury
e Necrology D. Crews
e Nominating D. Crews
e  Symposiums
0 Beef Symposium, Systems G. Horn
0 Beef Symposium, Arid Environments R. Funston
0 Beef Symposium, Stress G. Duff
. Awards G. Duff

. Graduate Student Paper Competition

0 2012 competition H. Neibergs

0 Membership, abstracts, and proceedings M. Wulster-Radcliffe, B. Taylor
4.5. Academic Quadrathlon D. Rule, M. Wulster-Radcliffe
4.6. Graduate Student Representative R. Cockrum, L. Camacho

5. New Business

5.1. Young Scholar Award R. Cockrum, L. Camacho,
C. Larson
5.2. Policy: “zero nominations” for awards M. Salisbury
6. Transfer of the Gavel G. Duff
e Adjourn
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Appendix 2

Balance as of January 1

Revenue and Support
Dues-ASAS

Registrations

Ticketed Events
Donations-Awards
Donations-Symposium
Symposium Support-ASAS
Proceedings

Investment Earnings Gain(Loss)

Total Revenue and Support

Expenses
Programs/ Registration
Awards/Plaques
Quadrathalon
Conwvention Center
Travel-Staff

Marketing

Proceedings

Postage, Shipping & Supplies
Writer's Workshop
Miscellaneous
Insurance

Telephone

General Printing

Staff Support

Total Expenses
Net Revenue over Expense

Balance as of December 31

American Society of Animal Science
Financial Report-Western Section
For the Five Months Ending May 31, 2012

Actual @ Actual @ Actual @ Actual @ Actual @
05/31/12 05/31/11 05/31/10 05/31/09 12/31/11
$51,549.34 $58,404.68 $55,119.98 $55,896.83 $58,404.68

1,316.00

8,230.00 14,475.00

1,600.00 2,441.00 1,290.00 4,139.00

1,050.00 700.00 2,900.00 700.00 1,250.00

2,830.00 4,760.00

3,000.00

9,150.00 8,305.00 2,850.00 1,495.00 9,090.00

550.97 2,566.70 (499.48) 872.50 (872.53)

12,350.97 25,072.70 6,540.52 3,067.50 37,157.47

221.22

6,403.00

3,600.00 4,389.95

10,370.61

1,158.43 4,687.89

864.99 3,143.01 3,272.55

1,406.63

17.09 8.70 7.88 638.15
443.19

1,363.80

139.05 111.24
96.86

345.48

2,297.08 4,017.39 2,984.94 4,007.80 10,802.29

3,318.21 7,169.10 2,984.94 9,314.16 44,012.81

9,032.76 17,903.60 3,555.58 (6,246.66) (6,855.34)

$60,582.10 $76,308.28 $58,675.56 $49,650.17 $51,549.34
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Appendix 3

2012 Western Section ASAS Advising and Coordinating Committee Report
Mike Salisbury, Chair
Angelo State University, San Angelo, TX

Assignment: On May 31, 2012, the Advising and Coordinating Committee was assigned the task to draft a policy
on Award Nomination Deadlines.

Background: In past years, there are often no or no qualified nominations for the awards presented at the WSASA
annual meeting. Often times the deadlines had been extended to allow more time for making nominations.
However, due to the fact that a policy had not been established on how the deadline should be administered annually
the committee was requested to meet and draft a recommendation for establishing award nomination deadlines.

The committee met via email May 31, 2012 — July 3, 2012 to discuss options, draft a policy and approve a draft
policy for submission to the Executive Board.

Members (Participated in Discussion):

TX-M. W. Salisbury (Participated)
AK-M. P. Shipka (Participated)
CO-J. E. Bruemmer

NM-D. M. Hallford (Participated)
ID-J. B. Glaze (Participated)
WY-K. M. Cammack

WY-R. R. Cockrum

ND-L. E. Camacho

MT-R. C. Waterman (Participated)
MT-J. G. Berardinelli (Participated)
NM-E. J. Scholljegerdes (Participated)

Following much discussion, the committee was split 4 to 3 on a policy. Since the vote was so closely divided, two
policies were drafted for the Executive Board to consider. Policy 1 received 4 votes and Policy 2 received 3 votes.

l. Award Nomination Policy — No Deadline Extension

The WSASAS Secretary/Treasurer will solicit nominations for society awards from WSASAS members via
mailings, e-mail notifications and/or website postings. Award nominations will cease on the deadline set by the
WSASAS Secretary Treasurer. If no nominations for a particular award are submitted, the award will not be given
that year. In the event that nominations (one or more) are submitted before the deadline, the WSASAS Awards
Committee will evaluate the submissions and determine if a qualified individual is among the nominees. If the
committee determines there are no qualified nominees for a particular award, the award will not be given that year.

l. Award Nomination Policy — Deadline Extension

The WSASAS Secretary/Treasurer will solicit nominations for society awards from WSASAS members via
mailings, e-mail notifications and/or website postings. Award nominations will cease on the deadline set by the
WSASAS Secretary Treasurer. 1f no or very few nominations for a particular award are submitted by the original
deadline, a two (2) week deadline extension will be imposed. Following the two (2) week deadline extension, if no
nominations for a particular award have been received, the award will not be given that year. In the event that
nominations (one or more) are submitted (before original or extended deadline), the WSASAS Awards Committee
will evaluate the submissions and determine if a qualified individual is among the nominees. If the committee
determines there are no qualified nominees for a particular award, the award will not be given that year.
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Appendix 4a
2012 Western Section ASAS Awards Committee Report
Glenn Duff, Chair
Montana State University, Bozeman

Committee Membership

G. C. Duff, President-Elect (12, Montana State University, Bozeman)
A. L. Van Eenennaam, (12, Univeristy of California-Davis)

A. Ahmadzadeh (12, University of 1daho)

S. Archibeque (13 Colorado State University)

S. I. Paisley (13, University of Wyoming)

D. C. Rule (13, University of Wyoming)

2011 Recipients
Distinguished Service Award

Recipient: Dr. Doug Hixon, University of Wyoming
Sponsor: DSM Nutritional Products, Inc.
c/o Scot Williams and Yvonne Towns
45 Water View Blvd.

Parsippany, NJ 07054-1298
Nominators: Dr. David R. Ames, Colorado State University

Distinguished Teaching Award
Recipient: Dr. James G. Berardinelli, Montana State University
Sponsor: Elanco Animal Health
c/o Dr. Todd Armstrong
2001 W. Main Street
PO Box 708
Greenfield, IN 46140-2714
Nominators: Dr. Glenn C. Duff, Montana State University

Extension Award

Recipient: Dr. Rachel Endecott, Montana State University
Sponsor: Western Section ASAS

Nominator:  Dr. Glenn Duff, Montana State University

Young Scientist Award

Recipient: Dr. Shanna L. lvey, New Mexico State University
Sponsor: Western Section ASAS

Nominator:  Dr. Tim T. Ross, New Mexico State University

Drs. Andy Roberts and Glenn Duff presented Distinguished Teaching, Extension and Young
Animal Scientist Awards and Dr. David Ames and Andy Roberts presented the Distinguished
Service Award at the banquet on July 18, 2012. Glenn Duff thanked all who submitted
nominations and encouraged nominators to get to work early and nominate our deserving
colleagues in 2013.
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Appendix 4b

2012 Applied Animal Science Award
Connie Larson

16 papers submitted
University of Wyoming: 2
Colorado State University: 2
South Dakota State University: 2
North Dakota State University: 2
New Mexico State University: 2
Montana State University: 3
Oklahoma State University: 1
University of Nebraska-Lincoln: 2

Committee Members: 18 total (14 industry sponsors and 4 academic participants)

Tim Bodine PerFormix Nutrition
Mark Branine Pfizer

Dan Dhuyvetter Ridley Block

Kristy Dorton Diamond V

Allison Grove AG Research, LLC
Kim Hagar CHS

Jeff Heldt LOL Purina

Jim Killen Strauss Feeds

Connie Larson
Jeremy Martin
Trey Paterson
Sonda Sibole
Kelcey Swyers
Gary Tibbetts
Court Campbell
Mike Hubbert
Mark Petersen
Burke Theikert

Zinpro

Great Plains Consulting
Padlock Ranches

IMI Global

Ranchway Feeds
Zinpro

NMSU
Ft. Keogh

Placing:

1st Place: $500.00: Metabolizable protein supply alters pregnancy and subsequent retention rate during heifer
development while grazing dormant winter forage. J. T. Mulliniks’. D. E. Hawkins®, K. K. Kanet, S. H. Coxt, L. A.
Torellt, E. J. Scholljegerdes’, and M. K. Petersen; "New Mexico State University, Las Cruces, NM, 88003; S\West
Texas A&M University, Canyon, TX, 79016; "USDA-ARS Fort Keogh Livestock and Range Research Laboratory,
Miles City, MT 59301

2" Place: $300: Effects of post-Al nutrition on growth performance and fertility of yearling beef heifers. R. P.
Avrias', P. J. Gunn?, R. P. Lemenager?, and S. L. Lake;*Animal Science Department, University of Wyoming,
Laramie, WY’; *Department of Animal Sciences, Purdue University, West Lafayette, IN

3" Place: $200: Heifers with low antral follicle counts have low birth weights and produce progeny with low birth
weights. A. F. Summers’, R. A. Cushman? and A. S. Cupp®. *University of Nebraska- Lincoln, Lincoln, NE;
2USDA-ARS U.S. Meat Animal Research Center, Clay Center, NE
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Appendix 5
Graduate Student Competition Committee Report — 2012
Holly Neibergs, Washington State University

Committee members

Holly Neibergs, Washington State University, Chair; Shanna lvey, New Mexico State University; Rachel Endecott,
Montana State University; Kraig Peel, Colorado State University; Chad Mueller, Oregon State University; Eric
Scholljegerdes, New Mexico State University; Jason Ahola, Colorado State University; Scott Lake, University of
Wyoming

The committee nominates Chad Mueller (Oregon State University) as committee chair for 2013. Holly Neibergs,
Shanna Ivey and Rachel Endecott have completed their three year terms. The committee recommends Ryan Ashley
(New Mexico State University), Chris Schauer (North Dakota State University), and Michelle Mousel (USDA, ARS
Dubois) as replacement members.

Competition

The GSC Committee received 28 abstracts; 6 abstracts were not considered for the competition due to failure to
meet proceedings deadlines or scheduling conflicts. Twenty-six of the abstracts were presented during the session
as two abstracts (that were not under consideration for the competition) were not presented. Therefore, 22
abstracts were considered for competition:

J.T. Mulliniks, New Mexico State University; M.G. Dib, Colorado State University; M.L. Van Emon, North Dakota
State University; E.A. Bailey, Kansas State University; K.P. Sharon, Montana State University; J.M. Sieg, Utah State
University; M.V. Sis, Colorado State University; P.E. Repenning, Colorado State University; K.E. Quinn, New Mexico
State University; E.E. Nix, Montana State University; L.E. Camacho, North Dakota State University; P.L. Steichen,
North Dakota State University; K.L. Weber, University of California at Davis; B.J. Bigler, Colorado State University;
R.R. Cockrum, University of Wyoming; C.G. Jackson, North Dakota State University; P.L. Black, New Mexico State
University; M.K. Beckman, New Mexico State University; C.A. Roberts, South Dakota State University; D.L. Ragen,
Montana State University; N.L. Hojer, South Dakota State University; Q.P. Larson, North Dakota State University;

Considerations
Conflicts of interest were identified; those with conflicts of interest did not participate in judging and discussion of
the respective paper/presentation.

Results
The results of the GSC were tabulated and awards were presented at the WSASAS awards banquet. Individual
awards were:

First Place: M.K. Beckman, New Mexico State University

Digestibility of algal biofuel co-product in a forage diet. M.K. Beckman, L.N. Tracey, N. Miller, K. Norman,

K. Marchetti, E.J. Scholljegerdes, S.A. Soto-Navarro, C.L. Loest, and S.L. Lodge-lvey.

Second Place: K.E. Quinn, New Mexico State University

Fetal and maternal induction of angiogenic factors during early pregnancy. K.E. Quinn, J.D. Lindsey, S.M.

Stanbrough, A.K. Ashley, and R.L. Ashley.

Third Place Tie: L.E. Camacho, North Dakota State University and C.A. Roberts, South Dakota State

University

Maternal diet restriction in beef cows alters fetal cardiovascular hemodynamics and fetal and placental

development during early pregnancy. L.E. Camacho, C.O. Lemley, K.C. Swanson, and K.A. Vonnahme.
Institutional Award. The institutional award for the highest average score with 2 or more contestants was
presented to the New Mexico State University by Connie Larson from Zinpro Corporation. WSASAS expresses its
gratitude to Zinpro and Connie Larson for their continued support of the Graduate Student Competition and the
Institutional Award.
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Appendix 6
WESTERN SECTION ASAS ACADEMIC QUADRATHLON REPORT
Rachel Endecott - Montana State University

The Western Section Academic Quadrathlon was held in conjunction with the seminal
National ASAS Quadrathlon. The following universities participated in this year’s event: New
Mexico State University; Colorado State University; University of Wyoming; Utah State
University; Oregon State University; and Montana State University.

The contest began on the University of Arizona campus in Tucson with the Written Exam
followed by the Lab Practicum events. The University of Arizona provided a first class event
with equally fine accommodations; many thanks to the University of Arizona! The teams
returned to Phoenix to complete the remaining two events, which were held Saturday the 14t
The results of the contest are shown in the table below. Congratulations to Colorado State
University for winning the overall and moving onto the National AQ event to represent the
Western Section. Colorado State University will have their scores from the Written Exam, Lab
Practicum, and Oral Presentations events entered along with those respective scores from the
winners of the other three regions: Ohio State University, Penn State University, and Texas A&M
University. The rankings within the National event will be combined with the results of the
National ASAS quiz bowl to determine the National ASAS AQ champion.

SCHOOL QuIZ WRITTEN LAB ORAL OVERALL
BOWL PRACTICUM PRESENTATION
UTAH ST. 1 4 4 5 3.5
OREGON ST. 2 3 5 4 3.5
MONTANA 3 5 2 6 5
ST.
WYOMING 4 2 3 2 2
NEW 55 6 6 3 6
MEXICO ST.
COLORADO 5.5 1 1 1 1
ST.

The Western Section AQ advisors met to discuss several issues. The first involved awards.
The advisors agreed to develop a traveling trophy instead of plaques; we will begin this with the
2013 contest. The second issue discussed was moving the WS AQ back to the Spring Semester
because of the new hardship that the winning team will have traveling to both the June WS
ASAS meetings and then again in July to the National ASAS for the National AQ. The hardship is
barely doable with the June meeting, and we cannot expect the students, especially those who
graduate during the spring semester, to leave jobs twice for the contest. The advisors voted
unanimously to make this move, and it will be in the best interest of the student participants if
we pursue this starting in 2013. The Western Section ASAS board will need to approve this
move; we encourage the board not to delay the decision so that we can plan for next year’s
event. Pending WS ASAS board approval, we have tentatively scheduled the 2013 WS AQ for the
second weekend in April in Bozeman, Montana.

Dan Rule, WS AQ Chairman

Rachel Endecott: rachel.endecott@montana.edu
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Appendix 7
Western Section of ASAS
Announcement of the Animal Science Young Scholars Award

Graduate Student Directors: Rebecca Cockrum and Leticia Camacho

During the 2012 Business meeting of Western Section American Society of Animal Science (WSASAS), members
of the WSASAS will be asked to vote on whether to establish a new separate session for the Western Section
Animal Science annual meeting. Title of this proposed session is “Young Scholars Award”.

Proposal:

The specific aims of this program are to:

1) Acknowledge the research accomplishments of current and/or recent Ph.D. and M.S. students in the Western
Section of ASAS, and

2) Generate more member participation through providing a platform that showcases exceptional and contemporary
research of future scientists.

Graduate students interested in being considered for the Animal Science Young Scholars Award must be current
members of WSASAS and must submit a Western Proceedings Paper. Major Professors or individuals closely
familiar with the candidate’s research and academic achievements can nominate qualified students. From the initial
pool of applicants, a Young Scholars Award Committee will identify four Ph.D. and four M.S. students for further
consideration.  Student selected from the initial pool will then be invited to submit 2 additional letters of
recommendation (one letter from the department chair), a 2-page essay discussing their future goals, and an abstract.
The Young Scholars Award Committee will then select the top two Ph.D. and top two M.S. students for the Young
Scholars Award. Awardees will be required to present a 30-minute presentation during the annual WSASAS
meeting on their thesis or dissertation research allowing for a detailed discussion of innovative and relevant
research. A $350.00 monetary award, sponsored by Zinpro and a plaque will be presented to each awardee during
the WSASAS awards banquet. The Young Scholars Award proposed is to acknowledge the research
accomplishments of Ph.D. and M.S. students in Animal Science through an oral presentation format; the scholarship
is not proposed as a graduate student competition.

Overview and timeline:
1. Students in their final year or within 12 months of having completed their Masters or Doctorate program are
eligible to be considered for the Animal Science Young Scholars Award. Candidates must be current
members of WSASAS.

2. A call for nominations will be issued in October and nominations will be due by December. Major professors
or individuals closely involved with the nominee’s research and academic achievements can nominate qualified
students. To nominate a student, a one-page letter discussing the student’s research and academic achievements
and the student’s curriculum vitae will be required.

3. Once all nominations have been received, a Young Scholars Awards Committee will review the letters of
referral and select the top four Ph.D. students and the top four M.S. students to be further considered for the
Young Scholars Award.

4. The top eight selected students will be contacted via e-mail by a committee representative to request 2
additional letters of recommendation (with one letter from the department chair), a 2-page essay discussing their
future research goals and potential impacts of future research, and an abstract. Supplemental material will be due
back to the Young Scholars Awards Committee by January. From these candidates, two MS and two PhD
students will be selected to receive the Award.

5. Final decisions on the Young Scholars Award will be made by Mid- to late January.
6. A member of the Young Scholars Award Committee will contact the selected Young Scholars via phone.
Awardees will present research following the WSASAS beef symposium. A 30-minute presentation will be

given by each awardee discussing their thesis or dissertation research with time allotted during the 30 minutes for
questions.
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7. All Young Scholars awardees will be required to submit an abstract and proceedings paper in accordance with
the National ASAS and WSASAS schedule.

8. Proceedings papers will follow the guidelines as published by WSASAS and there will be no page fee for the
awardees.

9. Students selected for this recognition and who present their research at the joint ASAS and WSASAS meeting
will receive a plaque, complimentary meeting registration, and a $350.00 monetary award.

10. Personal statements, recommendation letters, and abstracts should be sent electronically to the Young
Scholars Award Committee by early January.

For more information please contact:

Leticia (Ely) Camacho — 2012 Senior Graduate Student Representative
Graduate Research Assistant/Animal Sciences

North Dakota State University

Office 701.231.7630

Leticia.Camacho@my.ndsu.edu

Rebecca Cockrum — Outgoing Graduate Student Representative
University of Wyoming

Department of Animal Science

Phone: 314-856-5899

rcockrum@uwyo.edu

Budget:

Item Cost
Costs (2 M.S. and 2 Ph. D. students)

Monetary award (4 students @ $350.00 each) $1400.00
Plaques ($50.00 each) $200.00
Meeting registration ($100.00 each) $400.00
Proceedings paper ($25.00/page) $600.00
Revenues

Zinpro sponsorship -$2000.00
WSASAS (proceedings paper) -$600.00
Total $0.00

**x*x*\Western Section Graduate Student Event, Sponsored by Western ASAS
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WERA-39-WSASAS
Sheep Symposium

Integrating Advanced Concepts into

Traditional Practices

June 19, 2013

Museum of the Rockies

Montana State University

Bozeman, Montana



Keynote Speaker: Rodney Kott

Professor and Sheep Extension Specialist, Montana State University

Impact of Research on the Sheep Industry

Dr. Rodney Kott received his BS and MS from Texas A&M University and PhD from New Mexico State
University in 1980. After receiving his PhD, Dr. Kott became the Extension Sheep Specialist at Montana State
University where he continues to serve the Montana Sheep Industry. Dr. Kott has provided leadership to Montana
sheep extension programs for more than 30 years and more recently included activities of the Montana Wool
Laboratory. Through the years, Dr. Kott has been involved in National efforts such as Targeted Grazing, the
National Sheep Improvement Program (NSIP), and the Certified Wool Classing Program. In Montana, Dr. Kott
has been involved in the utilization of sheep to manage invasive plants (targeted grazing), the restructuring of the
wool pool marketing system, and the use of genetic records at the Miles City Ram Sale. Research emphasis
includes winter supplementation, lamb survival, objective measurement of wool and more recently the
development of genetic records and selection indexes in sheep, and residual feed intake. Dr. Kott received the
Extension Award from the American Society of Animal Science in 1996; Hall of Fame from the US Targhee
Association in 2005; Outstanding Extension Worker from MSU Extension in 2007, Agency Weed Fighter from
the Montana Weed Control Association in 2008; and the Flock Tender Award from the American Sheep Industry
in 2009. Dr. Kott continues to work closely with the Montana Wool Growers Association and the national
American Sheep Industry Association.

David Anderson

Professor and Extension Economist, Texas A&M AgriLife Extension Service

The U.S. Lamb Market

David Anderson is a Professor and Extension Economist — Livestock Economist -- with the Texas A&M
AgriLife Extension Service. After finishing a PhD at Texas A&M University in 1994, he was a livestock market
analyst at the Livestock Marketing Information Center in Denver, Colorado. He returned to Texas A&M in 1996.
His work involves the analysis of livestock and dairy market economics and policy. He is originally from
Coolidge, Arizona where his father is a cotton farmer.

Dr. David Anderson is a Professor and Extension Economist in the Department of Agricultural Economics
at Texas A&M University. His research and extension education activities are in livestock, and food products
marketing and agricultural policy, focusing on relevant issues for Texas producers. He is the Texas AgriLife
Extension Livestock and Food Products Marketing economist.

Dr. Anderson's program has focused research on the impact of alternative farm programs on the livestock,
dairy and crop sectors of agriculture. Dr. Anderson has done extension research on wool, mohair, and dairy policy.
Recent extension programs have focused on market outlook, animal identification systems, and country of origin
labeling. He currently teaches Ag. Econ. 614 which is an applied policy analysis course, primarily for M.S.
students.

Dr. Anderson received two degrees in agricultural economics at the University of Arizona and earned a
Ph.D. in agricultural economics at Texas A&M University. Prior to returning to Texas A&M in 1996, he worked
for the Colorado Agricultural Extension Service, Colorado State University, in the Livestock Marketing
Information Center for two years. He has received awards for Professional Excellence from the American
Agricultural Economics Association, the Outstanding Extension Program Award from the Western and Southern
Agricultural Economics Associations, and the TAMU Deputy Chancellor's Distinguished Performance Team
Award for Research and Extension. 9



Rebecca Cockrum

Postdoctoral Fellow, Animal Science, Colorado State University

Applving Genomic Selection Technology to the Sheep Industry

After receiving her B.S. degree in Animal Science at Arkansas State University in 2004, Dr. Cockrum
moved to St. Louis, MO to gain experience in industry as a scientific recruiter. Dr. Cockrum was then accepted
into the Reproductive Biology program in the Department of Animal Science at the University of Wyoming where
she received her M.S. degree in 2009 and Ph.D. in 2012 under the direction of Dr. Kristi Cammack. Dr.
Cockrum’s thesis research focused on differential gene expression in liver in response to toxins in the diet of
sheep. Dr. Cockrum then collaborated with AgResearch in New Zealand to identify ovine markers associated with
feed efficiency for her dissertation research. During her 5-year graduate career, Dr. Cockrum presented research
at 17 scientific meetings and was an invited speaker at AgResearch, New Zealand, National Lamb Feeders
Association, USDA-Meat Animal Research Center, and the University of Wyoming. Dr. Cockrum is the primary
author of two peer-reviewed publications, contributing author of five peer-reviewed publications, and has three
manuscripts in-progress. A few highlighted achievements include: the first WSASAS graduate student director,
ASAS graduate student representative for the Small Ruminant committee, President of the University of Wyoming
Animal Science Graduate Student Association, Gamma Sigma Delta Outstanding Ph.D. Student of the Year, and
received $24,990 from Western SARE grant program to conduct a portion of her dissertation research. Dr.
Cockrum is currently a Postdoctoral Fellow at Colorado State University under the direction of Dr. Milt Thomas.
Her current research focuses on characterizing gene regulatory networks involved in hypoxic-induced pulmonary
hypertension and bovine respiratory disease in cattle.

Thomas Craig
Professor Veterinary Parasitologist, Texas A&M

Sheep Parasites: Problems., Resistance, New Products and Practices for Parasite Control

Thomas M. Craig earned his DVM from Colorado State University, and PhD from Texas A&M
University. He served as a military veterinarian in Denmark, and Slovenia, then was in mixed veterinary practice
for 7 years in Colorado, New Mexico and New Zealand; where grazing animals were a significant part of practice
activities. Presently he is a faculty member in the College of Veterinary Medicine Texas A&M University where
he does research, diagnosing and teaching veterinary parasitology as a professor in the Department of Veterinary
Pathobiology (worms, germs and things too gross to mention). His teaching activities are to 2nd and 4th year
veterinary students; covering aspects basic and clinical parasitology, graduate students, continuing education for
veterinarians, and livestock owners and introductory parasitology to high school and pre-high school students: Vet
camps, 4-H, Pony Clubs. Over the years he has engaged in research primarily concerned with the epidemiology
and control of internal parasites of grazing animals, the diagnosis, epidemiology and treatment of arthropod borne
disease and the evaluation of anthelmintics in laboratory and field conditions. He also serves as the director of the
parasitology diagnostic laboratory; servicing the veterinary teaching hospital, veterinary practitioners, the Texas
Veterinary Medical Diagnostic Laboratory and animal owners. He consults with veterinary practitioners, animal
owners and pharmaceutical companies. Over the years he helped raise two wonderful children, cattle, sheep, and
horses for fun and occasional profit.



Peter Orwick

Executive Director, American Sheep Industry

ASI Initiatives for Industry Growth

As ASI’s executive director since 1997, Peter Orwick has spearheaded major initiatives including the
first successful Trade Action on imported lamb meat from Australasia and the wool marketing loan, which
combined, resulted in more than $250 million in federal funding for the U.S. sheep industry. Established the
national scrapie disease eradication program, first industry wide promotion checkoff for lamb with packers,
feeders and producers contributing, created a livestock risk insurance for lamb, and funded a multi-million dollar
international marketing program for wool that doubled American wool exports. Orwick led creation of
Mandatory Price Reporting, national sheep industry improvement center, and the Sheep Venture Company under
ASI with multi millions of dollars in assets including wool superwash textile equipment, lamb insurance and
military product development research. Prior to his executive director position, Orwick served as ASI’s director
of government affairs from August 1991 to February 1997, during which he oversaw the association’s
government relations and natural resources programs.

Before joining the ASI staff, Orwick was appointed director of the South Dakota Department of Agriculture’s
Division of Conservation by Governor George Mickelson to manage soil and water conversation programs
statewide. Orwick initiated the plan that would become the state’s official soil and water conservation guidance.
Orwick was reared on a sheep and cattle ranch on the rangelands of western South Dakota. His parents, brother
and sisters are sheep ranchers with several thousand Rambouillet ewes. He received bachelor of science degrees
in animal science and business from South Dakota State University in 1984.

Kim Vonnahme

Associate Professor, Animal Scientist, North Dakota State University

Maternal Environment Impacts Fetal and Offspring Outcomes in Sheep

Kimberly Vonnahme grew up on a livestock and grain farm near Breda, lowa (West-Central lowa) and is
the second oldest of five children. Upon graduation from high school, Kim attended Iowa State University
majoring in Animal Science. Her interest in reproductive biology was sparked, and after graduation in 1996,
pursued her Master of Science degree at Oklahoma State University under the guidance of Dr. Rodney Geisert
working on embryo-uterine interaction during early pregnancy in the pig with a thesis entitled “Detection of
Glandular Kallikrein and Low Molecular Weight Kininogen in the Porcine Uterus during the Estrous Cycle and
Early Pregnancy”. She returned to lowa State University in 1998 to begin her PhD program with Dr. Steve Ford,
and moved with Ford to the University of Wyoming in 2000, where she completed her PhD degree in 2003.
While her dissertation title was “The Impacts of Placental Size and Vascularity on Litter Size in the Pig”, Kim
also helped with the early studies in the Center for the Study of Fetal Programming developing a nutritional
model using pregnant sheep. In the fall of 2003, Kim moved to North Dakota State University with interests in
learning measurements of vascularity in sheep and cow placenta from Dr. Larry Reynolds. In April, 2004, Kim
accepted an assistant professor position in the Department of Animal Sciences to teach and conduct research.
She became Associate Professor in 2010. Dr. Vonnahme’s research programs focuses on the impacts of
maternal nutrition on fetal and placental development in sheep and cattle. More specifically, Kim is interested in
how the maternal nutrition impacts uteroplacental blood flow, development of the placenta, and nutrient

transfer. Kim is married to Michael Kangas and they have 2 children, Katie and Joey.
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John Walker
Professor and Resident Director of Research, Texas A&M AgrilLife Research

Sheep, Black Swans and the Future of Agriculture

Dr. Walker has served as Professor and Research Director at the Texas A&M University Agricultural
Research and Extension Center in San Angelo, Texas since 1997. His responsibilities include providing
leadership to a multi-disciplinary team of scientists that develop new technologies for increasing the efficiency
and sustainability of range livestock and wildlife production. His area of expertise involves foraging ecology,
modification of livestock foraging behavior and targeted livestock grazing for landscape enhancement. Dr. Walker
developed the first fecal near-infrared spectroscopy calibrations for predicting botanical composition of ruminant
diets. He continues to develop near-infrared spectroscopy solutions in support of research in foraging ecology, and
animal nutrition. Prior to his current position Dr. Walker was a rangeland scientist for the Agricultural Research
Service at the U.S. Sheep Experiment Station in Dubois, Idaho. In this position he conducted research to improve
sustainable utilization of rangelands. Studies included combination grazing of sheep and cattle; use of grazing
livestock to control noxious weeds; genotypic and phenotypic factors affecting foraging behavior; weed ecologys;
low input sustainable sheep production systems; and carbon budgets on sagebrush steppe rangelands. Dr. Walker
received his B.S. in wildlife science and Ph.D. in rangeland ecology both from Texas A&M and his M.S. in range
science from Colorado State University. He has authored or co-authored 60 scientific journal articles and over 100
other professional publications. Dr. Walker serves on numerous professional and civic boards and committees
including the Targeted Grazing Committee both for the Society for Range Management and the American Sheep
Industry Association.

Travis Whitney

Associate Professor, Ruminant Nutrition, Texas A&M AgriLife Research

\
A% | Alternative Feeds: For a Temporary Crisis or Permanent Problem
Dr. Whitney is an Associate Professor, Ruminant Nutritionist, and project leader for the Texas A&M

AgriLife Research Nutrition Program, San Angelo. He is also a faculty member in the Department of Animal
Science (College Station). He received a B.S. in Animal Science from Southwest Texas State Univ., a master’s in
Agricultural Education from Texas A&M Univ., and a doctorate in Animal Science/Ruminant Nutrition from the
Univ. of Arizona. After receiving his Master’s degree, he taught Animal Science classes at Palo Alto College (San
Antonio) and did postdoctoral research at Montana State Univ. prior to his appointment in San Angelo. His
interdisciplinary research program is directed toward helping producers (especially in the Edward’s Plateau
Region of Texas) make informed management decisions related to feeding livestock. His primary objective is to
reduce feed costs by (1) increasing livestock production efficiency; (2) increasing the value of underutilized feed
sources such as dried distillers grains and ground juniper and mesquite trees; (3) using plant secondary compounds
to enhance ruminal function, bypass protein, and animal health, and reduce internal parasite viability. Dr. Whitney
is currently Chairman of the American Society of Animal Science Western Section committee and a member of
the following: American Society of Animal Science, Society of Range Management, American Registry of
Professional Animal Scientists, Texas Sheep and Goat Raisers, TX A&M Agriculture Animal Care and Use
Committee, TX A&M Council of Principal Investigators, WERAO039 research group, and Texas Forage and Beef

Workers group. 5



Rachel Frost

Research Scientist, Range Science, Montana State University

Alternative Grazing Strategies for Industry Diversification and Rangeland Improvement

Rachel Frost was raised on a sheep and cattle operation in central Texas and obtained a B.S and M.S in
Animal Science from Angelo State University. Her research focused on the influence of genetics and
experiences early in life on consumption of bitterweed by sheep. She received her Ph.D. at the University of
Idaho after exploring the effects of age and body condition on the consumption of toxic compounds by goats.
Her current research focuses on identifying strategies for improving rangeland through targeted livestock
grazing and integration of targeted grazing with other vegetation management tools.

Keith Inskeep

Professor, Animal Reproduction and Management, West Virginia University

Factors Related to the Ewe That Affect Prolificacy in Sheep

Keith Inskeep grew up on a diversified livestock, dairy and poultry farm near Medley, West Virginia.
He completed a B.S. in dairy science (1959) at West Virginia University, an M.S. in genetics (1960) and a
Ph.D. in endocrinology (1964) at the University of Wisconsin, under the guidance of a famous reproductive
physiologist, Dr. L. E. Casida. He became an Assistant Professor at West Virginia University in 1964 and has
spent his entire career there, becoming Professor in 1974. Keith’s research has centered upon understanding
the mechanisms that regulate reproductive cycles in ruminant females, and applying that knowledge to
management of reproduction in sheep, beef cattle and dairy cattle. Currently, he studies factors affecting late
embryonic and early fetal losses of potential offspring in sheep and dairy cows. Keith was one of the initiators
of the Allegheny Highlands Project, transferring technology to 85 beef and sheep producers in the 1970’s and
co-authored the proposals for funding of the WV Small Ruminant Management Project, now in its 15th year.

Montana Wool Growers Association

Panel Review and Discussion

Brent Roeder (executive secretary MWGA) and other members of the Montana Wool Growers
Association will lead a panel discussion on research accomplishments and what research is needed by the
sheep industry to sustain a viable future.
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ABSTRACT: Research, teaching, and extension have had
a critical role in the sustainability of the U.S. sheep
industry. The purpose of this presentation is to demonstrate
how diligent research and education efforts have improved
the productivity and quality of the U.S. sheep industry.
Specifically addressed will be the development and
implementation of 3 successful Montana programs (core
testing, winter nutrition and sheep selection), which have
had and continue to have dramatic effects on the Montana
and U.S. sheep industries. These programs are examples
of sound, university-based research and education efforts.
Each university represented at this conference could
probably identify similar efforts in their own programs. As
we review the evolution and implementation of these
programs, several key consistent trends seem to emerge.
Specifically, the programs: (1) are long-term (8 to 10 plus
yr) projects that involve cooperation of numerous
researchers and personnel from many institutions; (2)
specifically address high-priority issues of the industry and
readily involve industry at all phases; (3) have an effective,
continuing educational component.

Keywords: education, extension, research, sheep industry,
wool

Introduction

Research, teaching, and extension have had an
important role in the advances made by the sheep industry
and are critical to land grant university mission. The sheep
industry has historically had a very close and beneficial
relationship between the production industry and USDA
and state university research and extension. Early accounts
of many producer meetings elaborate the sheep producers’
concern for the control and treatment of diseases, wool
preparation and marketing, as well as breed improvement
and nutrition. This engagement of the industry and federal
and state research and extension is evident today and can
probably be credited in part to those researchers and
educators of the past (e.g., J. L. Van Horn and James
Drummond in Montana, P. E Neale in New Mexico, Bob
Burns and Alex Johnson at the Wyoming Wool Laboratory,

! The 2013 Sheep Symposium was developed as a cooperative
venture between the Western Section of the American Society of
Animal Science and the Western Education, Research, and
Academic-039 Coordinating Committee.

2 Corresponding author’s contact information: 103 Animal
Biosciences Bldg Hall, Bozeman, MT 59717; e-mail:
rkott@montana.edu

Clair Terrill and Elroy Pohle at USDA and M. M Shelton in
Texas, just to name a few). For this paper, | have focused
on 3 extremely successful programs (core testing, sheep
selection and winter nutrition) that have had dramatic
effects on the sheep industry. As we outline the
development and implementation of these programs, | think
you will see several themes evolve. Each program has had
strong formal and informal producer involvement from the
beginning, and all had a significant producer education
component. In addition, these efforts were long term in
nature, with additional research and educational efforts
designed to address emerging issues, thus facilitating
adoption. There was no ownership of these projects, as
each participating group (researcher, extension specialists,
and producers) shared the success of the program.

Wool Core Test

Grease wool contains varying amounts of non-wool

substances (grease-lanolin, dried perspiration, dirt and
vegetable matter) and these substances contribute very little
to a fleece’s or a clip’s value. The amount or percentage of
non-fiber material, called shrinkage, could vary
substantially between clips and within the same clip
between years. In the 1930’s and 1940’s, it became a
standard figure that shrinkage of Montana wools was 65%.
A good illustration of the importance of shrinkage (or yield
as described over the last 20 or 30 yr) is that for every 1%
change in shrinkage/yield there is about a $0.005 to 0.01
difference in price per pound of grease wool.
Up until the last 20 to 30 yr, it has been customary for
buyers to estimate the probable shrinkagelyield
subjectively. Growers historically were forced to accept
this traditional practice in belief that experienced wool
buyers could accurately estimate shrinkage/yield. In all
actuality, these estimates were quite accurate on average
over a large number of grower clips, but were frequently
considerably over or under estimated on individual clips.
The need for an objective method of evaluating wool clips
for shrinkage/yield became evident.

In the late 1930°s and early 1940’s, the USDA in
cooperation with state colleges and laboratories, began a
multi-year project to develop a testing method for
objectively estimating yield or shrinkage. The early
research on shrinkage determination was based on hand
sampling and proved to be inaccurate. Subsequent research
was directed toward developing a mechanical sampling
device which could be used to obtain a representative
sample from loosely packaged domestic wool bags
(Hughes, 1983). A steel tube, about 18 inches long, driven



by an electric motor, and equipped with removable cutting
blades, seemed to be the most promising, but the USDA
had no volume to follow through in a commercial scouring
plant to compare the sample with the whole clip. In May of
1939, under the direction of G. Curtis Hughes, the decision
was made to scour the entire Montana Experiment Station
flock along with bags from 20 producers (a carload of wool
in each of 3 yr — 1939, 1940 and 1941) as part of this
project. The shrinkage results were very revealing for
Montana growers. One of the clips had shrinkage over
65%. The range was from 48% to 67%, or clean fiber yield
of 52% to 33%.

The 29th Montana legislative assembly in 1945 passed
legislation establishing the Montana Wool Laboratory at
Montana State College (currently Montana State
University). It was established by the sheep producers of
Montana to serve the industry. G. Curtis Hughes was the
first supervisor of the laboratory. Initially, the primary
purpose of the Montana Wool Laboratory was to develop a
test procedure for supplying basic information for selling a
clip on its merits. That program involved collaboration
with USDA and state university laboratories in Wyoming,
Colorado, Idaho, New Mexico, Utah and California.

The first core samples were scoured in the newly
constructed laboratory in 1947. Mr. Hughes resigned (to
return to the family ranch) and was replaced by James
Drummond. James Bassett (who later became the head of
wool research at Texas A & M University); Kenneth
Colman (who later headed the work at the Montana Wool
Laboratory) and Robert Stobart (who later became head of
wool research in Wyoming) joined the staff. Core testing
research and extension efforts continued through the 1950’s
and 1960’s. It was reported that in 1 yr in the mid 50’s the
laboratory core tested 1.4 million pounds of Montana
wools. Now used overseas by major wool producing
countries, core testing of shorn wool is common practice
throughout the world.

In recent years, the Montana Wool Laboratory has
focused research efforts towards developing strategies for
objectively evaluating wool characteristics on individual
sheep for clip preparation and selection purposes. The
Montana purebred industries have benefitted by raising
rams within a breed for more uniformity of wool grade,
longer staple length and more desirable color. That has
spread throughout the commercial industry.  Today,
Montana enjoys the reputation of producing some of the
finest quality wool in the U.S. The activities of the
Montana Wool Laboratory certainly played an important
role in the progression of the wool industry in Montana.

Winter Nutrition Programs

In the 1950’s, extensive work was done on
defining appropriate winter supplementation programs for
ewes grazing on native ranges in the Intermountain West.
P. Orcutt (1956) summarized the Montana work in a
number of extension sheep presentations and field day
reports. He generalized that in 1 out of 4 yr, ewes receiving
no supplement performed as well as supplemented ewes; 2
out of 4 yr, energy supplemented ewes performed better
than non-supplemented ewes, but similar to protein

supplemented ewes; and in 1 out of 4 yr, protein
supplemented ewes performed best. Over the 4-yr period,
the energy-supplemented ewes produced 9.4 more pounds
of lamb per year than did non-supplemented ewes. In
addition, it was documented that there was no advantage to
feeding over 1/3 pound per day of supplement. D.C.
Clanton (Ph.D. dissertation) in Utah indicated that a protein
pellet improved lamb production over no supplement or an
energy pellet. Thomas (from 1984 to 1993) reported that
ewes consumed (selected or grazed) diets containing
approximately 7.0% CP in 3 out of 4 yr. However, in 1 of
the 4 yr, the protein content decreased 4.5% and probably
explained much of the variation in results between an
energy and protein supplement. The energy supplement
was probably adequate in those years when CP in the diet
was around 7%.

The early research conducted in the 1950’s by J. L.
Van Horn, E. P. Orcott, D. C. Clanton and later by V.
Thomas and coworkers has provided the basis for winter
supplementation projects (summarized by Thomas and
Kott, 1995). General conclusions are:

1. Supplementation is cost effective most winters in
Montana.

2. Supplements fed at 0.25 to 0.33 pounds per head per
day, or 0.2 to 0.3% of ewe body weight, did not reduce
forage consumption, and environmental factors
influenced forage intake more than supplement type.

3. Body condition entering the winter influences
productivity and the response to supplementation.
Ewes can lose some body condition (0.3 to 0.4 units of
a body condition score) during the winter if they enter
the winter in good body condition.

4. Ewes can be supplemented on alternate days while
grazing winter range.

5. Energy supplements are cost effective when ewes can
afford to lose some body weight, range forage is
available and winter weather is mild.

6. Protein supplements are cost effective when ewes
cannot afford to lose body weight and need to gain
weight or when winter weather reduces forage intake.
Protein supplements should provide a minimum of 0.07
pounds of CP per day.

Sheep Selection Programs

Much of the basis for our current sheep selection
programs for range sheep come from work conducted at the
Western Sheep Breeding Laboratory (USDA, ARS, U.S.
Sheep Experiment Station at Dubois, 1D; Nordby, 1939)
and collaborators in Arizona, California, Colorado, Idaho,
Montana, Nevada, New Mexico, Oregon, Texas, Utah,
Washington and Wyoming. The U.S. Sheep Experiment
Station was established in 1916 and the activities of the
Western Sheep Breeding Laboratory were most active
during the 1940’s. Research included the genetic
relationships of weaning traits, wool traits, color on legs,
face covering and neck folds. In addition, they evaluated
the heritability of body condition and type, jaw deformity
(over and under shot jaws) and the relationship between
weaning and yearling weights. In later years, they



highlighted the importance of reproductive performance
and crossbreeding in range ewes. Much of their work
culminated in the development of the Columbia (1941) and
Targhee (1951) breeds of sheep (Drummond, 1983).
Today, these two breeds play an important role in range
sheep production in the West. In 1958, P.E. Neale (New
Mexico) developed a selection scheme dividing the herd
into sub-herds of different productive levels (Stauder and
Neale, 1958). The top or super sub-group comprised the
top 10% of the flock. This sub-group can be used to raise
replacement sires, allowing the use of highly-productive
sheep to the greatest advantage. The next sub-group
referred to as the A sub-herd was comprised of 40% of the
ewe flock. Most of the ewe lamb replacements would come
from the super and the A sub-herds. The B sub-herd
comprised 30%. The C sub-herd was comprised of the
bottom 20% of the ewe flock and would produce no
replacements. Later the Texas program slightly modified
this breeding scheme dividing the flock into thirds with all
replacements coming from the A & B sub-herd and the C
sub-herd being bred to terminal sires.

Central ram tests have been utilized to identify
genetically superior sires for outstanding growth and wool
characteristics. Texas A &M University, University of
Wyoming and North Dakota State University conduct
central tests in cooperation with the American Rambouillet
Association to identify top performing rams within the
breed. It is impossible to quantify the impact these tests
have had on the industry, but it’s safe to say that it’s been
substantial. Montana State University began a central ram
test in 1981, but participants in that test have declined since
the adaption of the National Sheep Improvement Program
(NSIP). New Mexico State University conducted a range
performance test of rams where measurements were taken
over a one-year period but rams were maintained under
range conditions. North Dakota State has conducted a
terminal sire test in previous years. These tests have
benefitted the Industry in two ways. First, they have
assisted the Industry in identifying genetically superior sires
that have gone on to have significant genetic impacts on
their breeds.  Secondly, these tests have played an
important role in promoting the awareness among
producers on the economic importance of objective
measuring of traits within our selection program.

In 1986, the NSIP was developed to provide genetic
records to the sheep industry.  Recently, that program
joined Lamb Plan from Australia. Montana purebred
producers have committed to this program. NSIP provided
sheep producers a tool that allows them to readily select for
reproductive performance. The relative importance of
reproduction performance became clearly evident to
producers through the development of the Western Range
Profitability Index in 2007 (Borg et.al., 2007). Major

10

strides in reproductive performance have occurred since its
implementation. In 2009, the development and
implementation of ribeye measurements was added.
Genetic records are now being incorporated into the sale
catalog of the Montana Ram Sale, along with an
educational program. MSU is also a consigner to the sale
(it has been a ram sale consignor for 63 years) which, has a
major affect on the creditability of MSU’s research and
educational program. Montana’s genetic record program is
based on the use of the US Range Index which was directly
developed by and based on research conducted at MSU.
The availability of genetic records has drawn interest from
surrounding states. In fact, 36% of the rams went to out of
state buyers with availability of extensive records being a
major factor stimulating out-of-state interest. The average
of this year’s sale was $1,100 which was substantially
higher than ram sales in surrounding states (sales averaged
around $500).

Conclusions

Through the years, the sheep industry has benefitted
substantially from land-grand university research, teaching
and extension programs, and the USDA. The survival of
the industry will be dependent on how the industry adapts
to the challenges/opportunities of the future; research and
extension will play a vital role in that process. It is critical
that industry and academic personnel remain engaged with
each other to assure that research and extension efforts are
relevant to the industry and there is a path to facilitate
adoption and implementation.
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ABSTRACT: Crossbreeding schemes that balance breed
complementarity and hybrid vigor promote a more
sustainable and consistent product. Incorporating multi-
trait selection indices and genotypic analyses within
crossbreeding schemes will further improve selection
accuracy. Genotypes for both simple and complex traits
can be determined using next-generation technology, such
as SNP chips. Genotype tests can easily identify
deleterious alleles for simple traits, such as scrapie
susceptibility and spider lamb syndrome. However,
complex traits such as feed efficiency, longevity, and
fertility are controlled by complicated gene networks.
Unfortunately, these traits are often too difficult or
expensive to quantify and(or) cannot be measured until later
in life. Because the majority of these traits demonstrate
genetic variability, they serve as ideal traits for genomic
selection. High-density SNP chips can be used to identify
gene regulatory networks and genotypes associated with
complex traits. Identified genotypes can be used to
construct marker panels to select for economically relevant
traits. The same technology can be used to develop
molecular breeding values to increase the accuracy of
prediction. Pedigrees used to generate existing estimated
breeding values (EBV) are often inaccurate and do not
account for the variability of genes inherited during
fertilization. Therefore, kinships constructed from
genotypic relationships provide a more reliable estimate for
molecular breeding values. Through improving current
practices and incorporating new technologies, sheep
producers will be able to improve genetic trends of
economically important traits and provide a better product.

Key Words: genetics, estimated breeding values, marker-
assisted selection, sheep, technology

Introduction

Agriculture production must increase an estimated 70%
to meet the nutritional demands of a 30% growth in world
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population by 2050. Unfortunately, resources (e.g., land,
labor, feeds) that are necessary for agricultural growth are
being shifted away from agriculture and towards human
use. One solution for the sheep industry to address world
food demands is to improve production efficiency, yield,
and quality by combining classic breeding selection
techniques with emerging genomic selection technologies.

The majority of the sheep industry incorporates
crossbreeding to some extent. However, the crossbreeding
systems that are typically implemented arbitrarily select
animals for mating that result in a poorly structured system
and, ultimately, an inconsistent product. Characteristics
of an ideal crossbreeding system should include: easy
maintenance, breed complementarity, optimized hybrid
vigor, and uniform products (Thomas, 2006). Incorporating
crossbreeding systems, selection indices, and genotyping
for economically relevant traits (ERT) can be used to
increase trait selection accuracy.

Multiple-trait selection is best implemented through the
use of a selection index (Hazel, 1943), which incorporate
pedigree relationships to predict progeny performance for
multiple traits. Selection techniques based on observable
phenotypes are not as effective in propelling production
forward; therefore, selection progress must be measured
and quantified using selection indices or breeding values
that account for genetic interactions (Figure 1; Dekkers and
Hospital, 2002). With the mapping of the ovine genome,
technology is now available to begin selecting for complex
ERTs. Traits that are difficult or expensive to measure,
complex, heritable, and(or) take place later in life are ideal
for marker-assisted selection.  Traits such as feed
efficiency, fertility, longevity, and disease susceptibility are
considered complex ERT. As technology continues to
develop, it will become more affordable and more
accessible for producers.

Crossbreeding

The mating of wunrelated individuals that takes
advantage of hybrid vigor characterizes crossbreeding
systems. A good crossbreeding system balances 4 features:
easy to implement and maintain, utilizes breed
complementarity, optimizes hybrid vigor, and produces a
uniform product. Structured crossbreeding systems are
important to take advantage of breed characteristics that
complement environmental conditions. No individual breed
excels for all desired traits, and specific performance traits



(i.e. maternal, carcass, or growth) are emphasized in certain
breeds; therefore, crossbreeding systems are necessary to
maximize production objectives (Leymaster, 2002). Many
crossbreeding systems for sheep are currently in place that
maximize both heterosis and breed complementarity,
including terminal crossing, rotational crossing, and
composite breeds. For example, in the Western U.S., a 3-
breed rotational system using Rambouillet, Columbia,
Targhee breeds would emphasize environment adaptability,
longevity, and fleece characteristics, but may be deficient in
growth and prolificacy (Thomas, 2006). Though
incorporating mating systems into current management
practices will take advantage of hybrid vigor and reduce the
prevalence of deleterious alleles, it is also important to
make mating decisions based on quantitative information
that can be traced to improve flock genetic progress.

Index Selection

A selection index is used for genetic prediction to
combine traits to select animals in an optimal way.
Through combining all of the available information on an
individual and its relatives, a breeding value can be
estimated as:

I =byxy + byxy + -+ byxy,

where [ is the genetic prediction, b; is a weighting factor, x;
is the performance record, and » is the total number of
observations for that record (Mrode, 2000). Selection
indices can be constructed for a variety of purposes. The
most basic index is an estimate of breeding value calculated
for a single trait using a single piece of information on an
individual animal. Alternatively, wusing the same
methodology, index-breeding values can be calculated for
multiple traits using records of an individual and its
relatives (Henderson, 1975). Selection for reproductive rate
using breeding values in Rambouillet sheep was estimated
to increase lambing rate by 16% over a 20-yr period
(Burfening et al., 1993). Variables such as genetic variation,
accuracy of selection, selection intensity, and generation
interval can all impact genetic change.

Next-generation Sequencing

Marker panels are now available for sheep (i.e., Ovine
SNP50 BeadChip) that use thousands of SNP (single
nucleotide polymorphisms) or genotypes to select for
health, performance, wool, and carcass traits. The Illumina
Ovine SNP50 BeadChip was developed as a concerted
effort by researchers at AgResearch (New Zealand), Baylor
UCSC, CSIRO (Australia), Illumina, and the USDA. The
International Sheep Genomic Consortium (ISGC) is
currently developing a SNP chip capable of genotyping up
to 700,000 loci, which is expected to be commercially
available late 2013. The Illumina Ovine SNP50 BeadChip
was constructed from sequencing Romney, Texel, Scottish
Blackface, Merino, Poll Dorset, and Awassi ewes. The
development of genomic technologies are being used to
investigate disease and toxin resistance, parasite resistance,
reproductive efficiency, longevity, milk traits, and feed
efficiency in livestock. Genomic relationships between
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markers and ERTs can be used to develop marker panels for
marker-assisted selection and molecular breeding values.

Applications

Multiple genotype tests are commercially available in
sheep to determine disease susceptibility to disorders such
as scrapie and spider lamb syndrome. Scrapie is a prion
disease in sheep that depends on three codons (171, 154,
and 136), with codon 171 the major determinant of disease
susceptibility. Sheep with glutamine (QQ) at the 171
position are considered susceptible to developing scrapie
and can pass down the susceptibility to the disease to their
progeny (Clouscard et al., 1995). Alternatively, spider lamb
syndrome is a semi-lethal homozygous recessive disorder
that results in skeletal deformities. Lambs with 2 copies of
the mutation within fibroblast growth factor receptor 3
(FGFR3) will result in gene inactivation, which impairs
cartilage development into bone (Cockett et al., 1999).
Both scrapie and spider lamb syndrome are considered
simple traits that can easily be selected against using
genotype technology.

Intricate gene networks regulate complex traits such as
feed efficiency, fertility, and longevity making them more
difficult to observe improvement using traditional selection
techniques.  As genome-wide association technology,
genetic information that spans the whole genome, continues
to develop so does the ability to identify gene networks
involved in complex traits. For example, researchers at
AgResearch in New Zealand and the University of
Wyoming recently collaborated to identify genotypes
associated with residual feed intake (RFI), or feed
efficiency in sheep using the Illumina Ovine SNP50
BeadChip (Cockrum et al., 2012). Residual feed intake is
an ideal trait for marker-assisted selection because it is
moderately heritable (0.16 to 0.43), labor intensive, and
expensive to measure. Individual feed intake measurements
were collected from five performance tests for dual-purpose
(n = 183) and meat breed (n = 147) rams at the University
of Wyoming using the GrowSafe System. Residual feed
intake, the difference between actual feed intake and
predicted feed intake, was estimated within each test for
each ram. Genotypes were determined using DNA collected
from both the dual-purpose and meat breed rams using the
Illumina Ovine SNP50 BeadChip. A simple fixed
association test was performed with each SNP included as
an additive effect to the residuals from a polygenic model.
Fixed effects included birth type (single, twin, triplet), birth
year, flock, and contemporary group. Kinship relationships
using genomic relationships indicated that rams had an
average inbreeding coefficient of 9.6%. Based on
genotypes, RFI was 14% heritable, and 24 of the 50,896
SNP reached nominal threshold levels of P < 1.00™.
Chromosomes 3, 9, and X contained the majority of
associations with > 3 SNPs that reached threshold.
Genotypes ~ were  mapped  against the ISGC
Ovis_aries_1.0/oviAril (i.e. ovine genome annotation
version 1.0) assembly to identify genes associated with RFI.
Ten genes close to the identified associated SNPs,
suggested a relationship with the genes and residual feed
intake. Functional categories associated with the 10 genes



included regulation of embryonic development,
neurogenerative processes, and protein coding. Though
research is still being conducted on genomic relationships
with feed efficiency in sheep and needs several thousand
animals to provide reasonable molecular breeding value
accuracy, similar research has been conducted for several
other traits in sheep.

Currently, Pfizer Animal Health (Zoetis) has a marker
panel, Sheep50K, available in New Zealand with genomic
breeding values available for 22 traits (Auvray et al., 2011).
The marker panel is applicable for Romney, Coopworth,
and Perendale breeds > 30% composition, and is derived
from the Illumina Ovine SNP50 BeadChip. Through
incorporating traditional and contemporary mating and
selection decisions, genetic progress for ERTs can be more
accurately measured subsequently increasing site-specific
production and/or profitability.

Commercial and Economic Information

The Sheep50K is available commercially through
Pfizer Animal Health (Zoetis) in New Zealand
(http://www.pfizeranimalgenetics.co.nz/sites/PAG/nz/Pages
/Testing_and_Results.aspx). Currently, the Sheep50K test
costs approximately $17.00 (USD) for DNA extraction and
$350.00 (USD) for genotyping per sample. Blood cards,
semen, tissue, whole blood, or hair follicle samples can be
used as DNA sources. Traits predicted on the Sheep50K
include production, wool, meat yield, and health (i.e.
carcass weight, lamb weaning weight, loin eye area, live
lambs at birth, 12-mo greasy fleece weight, greasy lamb
fleece weight, fat yield, lean yield, fecal egg count, facial
eczema, etc.). GeneSeek (Neogen Corporation, Lincoln,
NE) offers DNA extraction for approximately $3.00 USD
per sample and whole-genome analysis on the Ovine
SNP50 BeadChip for < $0.001 (USD) per data point
[$60.00 (USD) per sample]. However, individuals are
responsible for the computationally intensive data analyses.
Most land grant universities have access to large servers
and employ biostatisticians that can assist in the analysis of
large datasets. The GeneSeek website, http://www.neogen.
com/GeneSeek/SNP_Illumina.html, provides additional
information on the Illumina Ovine SNP50 BeadChip.

Conclusion

Greater production that is needed to feed a growing
human population requires producers to improve current
mating selection strategies and incorporate technologies to
target more complex traits such as feed efficiency. As
whole-genome sequencing techniques improve, generating
molecular breeding values for ERTs will become more
affordable for the sheep industry.  Currently, costs
associated with whole-genome sequencing in the U.S. are
too great to warrant the expense by individual producers,
but may be useful for breed associations and researchers.
Developing marker panels for disease resistance, feed
efficiency, wool, and carcass traits through whole-genome
sequencing will provide the sheep industry a useful,
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inexpensive genomic selection tool. However, researchers
and producers must collaborate to have enough animals (n
> 2,000) to develop these tools. Furthermore, researchers
must implement translational research to bridge the gap
between science and application.
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ABSTRACT: Parasitic disease in sheep can be a major or
a nonexistent problem in a herd depending on where the
sheep are raised and how they are managed. Because of
this variability there is no one approach which will aid all
producers in preventing disease or in limiting its effects if
disease occurs. However there are considerations that may
aid in developing an approach to controlling disease.
Parasitic infection does not equal disease as sheep are able
to tolerate some level of infection without any adverse
effects. In fact, exposure to a limited number of parasites
may stimulate a protective immune response. The ability to
develop protective immunity depends on age, breed,
reproductive and nutritional status and is variable among
members of the flock. The level of exposure and the level
of acquired immunity vary with the time of year, how long
the pasture was rested and who else shared what other
species of grazing animals share the pasture rendering the
forage either relatively safe or extremely dangerous to
animals entering the pasture. The idea that the entire flock
requires deworming at regular intervals is not supported by
research. Instead selective use of anthelmintics
(dewormers) and management of the flock by
understanding how parasites make a living may help control
parasitic disease.

Keywords: anthelmintic, management, parasite, resistance,
sheep

Introduction

The approach to controlling parasites depends largely
on where you live, what classes of livestock are raised, how
they are managed and perhaps, most importantly, where the
parasites came from. Did you buy sheep with resistant
worms in them, especially species of parasites that survive
in your environment? Because of these differences there is
no answer that fits all situations and these variations must
be considered when developing your strategy. Although
important parasitic protozoan agents and arthropods infect
or infest sheep, only disease caused by nematode helminths
(worms) will be discussed.
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2 Corresponding author’s contact information: Vet Med
Pathobiology, TAMU 4467, College Station, TX 77843-4467; e-
mail: TCRAIG@cvm.tamu.edu

14

The life cycle of the economically important
nematodes is similar; the adult worms live in the digestive
tract with each species occupying a specific portion. These
adult worms mate and produce eggs that, for the most part,
look just the same if they came from worms in the
abomasum, small or large intestine. The eggs are passed in
the feces then larvate and hatch in a few days to weeks,
depending on temperature (the warmer the temperature the
faster the development with no development at or below
freezing). The larva hatches from the egg then feeds on
fecal bacteria and eventually molts to the infective stage,
which is encased in a sheath that protects it from drying out.
The infective larva exits the fecal pellet and ascends on
vegetation in a film of water (dew or rain) where it is
grazed by a sheep. Development to the infective stage
takes a week to a month, again depending on temperature.
The feeding larvae are easily killed by drying out but the
infective larvae survive in the pasture for a month to a year,
again depending on temperature. Elevated temperatures
speed up all stages in the environment and low
temperatures prolong development and survival.

When the larva is ingested by the sheep it enters the
rumen where it loses the sheath then goes to the organ of
predilection. There the larva enters the lining of the organ
such as a gastric or intestinal gland where it rapidly molts to
the next larval stage. This forth stage larva begins to feed
and develop, eventually to adults, or undergoes arrested
development in the early fourth stage. One genus
Oesophagostomum migrates deeply into the intestinal wall
and migrates for a considerable time. Most species emerge
from the lining of the organ and become adults who mate
and begin producing eggs three to four weeks after entering
the sheep. The adult worms may live for months with each
female worm producing 25 to 5,000 eggs / d depending on
worm species.

When you think about where and how sheep are raised
there are many factors involved. Are you in a locality
usually receiving 6 or 60 inches of annual rainfall? Do you
irrigate or rely on natural precipitation? Is the growing
season 7 or 12 mo long? Where do the sheep feed? Are
the sheep fed or grazed in a pasture, is the feed in a feed
bunk or on the ground, or in different places at different
times depending on weather/climate conditions? Is the
stocking rate 60 ewes/section, or 6 ewes/acre? Are pastures
rotated and the sheep grazed for intervals of 5 d or 5 wk?
Avre the sheep overwintered in a dry lot or barn, on pasture
or on a dormant hay field? When is the lambing season?
When are the lambs weaned? Are the pastures shared or
rotated with cattle, goats, horses or others such as white-



tailed deer or wapiti? Is there a history of liver flukes on the
property?  The answers to these questions will begin to
give you an idea if there may be a parasite problem in your
flock.

Parasitic Disease vs. Infection

An important concept to consider is the difference
between infection by parasites and disease caused by them.
Worms may infect sheep with little or no signs of disease,
but when present in large numbers cause severe disease or
death. Therefore, controlling parasite numbers is important
because a few worms may stimulate a protective immune
response but a high population can cause disease. The
exception to this is a single deer fluke (Fascioloides
magna) or only a few meningeal worms
(Parelaphostrongylus tenuis) may kill a sheep. With other
worm species it may require thousands to cause diarrhea, or
a thousand adult Haemonchus to exsanguinate a sheep.
Still others such as tapeworms, which are large and
disgusting, are not likely to ever cause disease without help
from other agents.

Origination and Adaptation

Most of the parasites that sheep acquire in North
America came here with imported sheep or other ruminants.
A few parasites were already here in hosts such as white-
tailed deer. Over time the parasites spread to new areas with
the hosts (i.e. sheep and deer). Some of the imported
worms were brought into geographic areas similar to that
from whence they originated and those parasites found a
very hospitable environment and have thrived. Worms that
originated from areas where conditions were hospitable but
were then imported to one where it was too cold, too hot or
too dry for prolonged periods, either adapted to the local
conditions or never established. An example of adaptation
is the tropical parasite, Haemonchus contortus which is able
to survive in cold climates because the majority of worms
acquired from the pasture during the autumn, undergo
arrested development. That is, the worms do not develop
into mature breeding adults. Instead, the larval worms
burrow into the lining of the abomasum and cease
development for a time, not feeding or reproducing.
Because they are metabolically inactive, they are not
detected by the immune system. They later emerge and
mature just before the green up of pastures or at the time of
lambing because their offspring would not survive winter in
a pasture or barn. How do these worms know it is spring?
They are receiving signals via the sheep’s pineal gland that
indicates the days are getting longer and/or the hormones of
the ewe’s lactation kick in and the worms know it’s time to
reproduce.

Generally speaking, the gastrointestinal nematode
parasites of sheep can be divided into two groups: warm
season parasites, which can be transmitted year around in
the deep south but only during the summer in the north, and
cool season parasites, which can be transmitted during the
winter in the south and elsewhere when the temperature is
above 50° F. Cool season parasite larvae on pasture do not
survive a long hot summer, so may go into summer arrest
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inside the sheep and emerge in the autumn. One genus,
Nematodirus, is adapted for harsh climates. Larval
development occurs within the egg shell, which protects the
larva from cold or desiccation. Knowing which parasites
are likely to cause problems in your sheep is essential for
long term control programs on your property.

Immunity to Parasites

There are a few practices that can be used in many
flocks to help control internal parasites. One thing to keep
in mind is that different parasites, and different breeds of
sheep, originated in different geographic regions. Those
breeds of sheep that survived for generations in a defined
geographic region are likely to have evolved a level of
resistance or tolerance to the worm species originating in
that area. For instance, Haemonchus contortus is a tropical
worm and breeds of sheep developed in the humid tropics
are much less likely to suffer from disease caused by this
parasite (Amarante et al. 1999). By the same token, tropical
sheep may be more susceptible to worms imported from
Northern Europe.

Lambs, even in resistant breeds, exposed to parasites
are usually unable to manifest resistance to worms until
they are 4 to 6 months of age. This period allows the
immune system time to mature and become resistant to
worms. Older sheep with a functional immune system that
have been exposed to worms still may not be able to
express their resistance if they are stressed, on a low protein
diet, or during early lactation. Within a flock, the numbers
of worms in individuals varies considerably, even among
ewes consuming the same diet. We find that 20% of the
flock have 80% of the worms and of course are producing
the greatest numbers of worm eggs. When individual sheep
are identified that constantly have a heavy worm burden
they should be removed before they die of disease or pass
on more worms to the flock (Kelly et al., 2013).

During lambing ewes have a rise in fecal worm egg

count because the hormones associated with lactation
suppress the immune response against worms. This is
called the periparturient rise (Dunn, 1978). The

periparturient rise is more pronounced in younger ewes that
are still growing and feeding their young and in older ewes
with twins or triplets who cannot keep up with the demands
of their lambs and sustain their own needs. The effect of
the periparturient rise is usually insufficient to cause disease
in ewes but ensures that the eggs that are produced hatch
and the larvae develop to the infective stage when the lambs
begin to nibble forage. In addition to the parturient lack of
resistance, arrested larvae that were discussed -earlier,
acquired from pasture during the autumn begin to develop
to the adult stage with the advent of spring and the ewe is
unable to rid herself of these worms during early lactation.

Management to Lesson Exposure to Helminths

Limiting the numbers of worms to which a sheep is
exposed can be accomplished either by removing the adult
worms from sheep, by use of an anthelmintic or by
managed grazing. When parasite eggs are deposited in
pasture it takes at least a week with plentiful rainfall in the



middle of the summer to develop to an infective larva,
therefore rotation of pastures may avoid larval
contamination. However once an infective larva is on the
pasture, if the conditions are not suitable for transmission, it
may survive for months in the soil and may overwinter.
Therefore, a pasture must be rested at least a month in the
humid tropics, but it takes 3 mo or longer during other
seasons to lessen the numbers of pasture larvae (Colvin et
al., 2012; Craig and Miller, 1990; Craig, 2006; Dobson et
al., 2011; Dunn, 1978; Eysker et al., 2005). The length of
time larvae survive on pasture is influenced by the moisture
required for the worms to escape the fecal pellet and ascend
vegetation (O'Connor et al., 2008). Sheep grazing
mountain meadows where they are moved frequently
ensures that, even if worm eggs are deposited on the
pastures, the sheep avoid meaningful numbers of parasites
unless they are bedded in the same area for a long time.
Another approach that may aid in lessening the numbers of
parasite larvae in pastures is by using the pasture for
grazing of animals that are resistant to worms such as older
non-lactating sheep, adult cattle (Bailey et al., 2009), and
horses or after harvesting hay so that at-risk animals can
safely graze.

During periods of drought, infective parasite larvae
remain in the fecal pellet or move underground, and are not
picked up by grazing. When the rains begin these larvae
rapidly move out of the feces or soil onto vegetation. The
vegetation near where the feces were deposited and the
rapid growing green grass has many larvae which are
acquired by the grazing animal. Treating the recently
exposed animals 2 to 3 wk after the onset of the rains may
remove the newly acquired worms before they have an
opportunity to reproduce. This tactical approach to
deworming may prevent problems a month or two in the
future but may be a selection mechanism for anthelmintic
resistant worms.

Treating ewes at or near the time of parturition with an
effective anthelmintic lowers the numbers of larvae on the
pasture and in some geographic areas may be the only
deworming required for the entire year. However, in high
rainfall intensive grazing situations it is a selection
mechanism for resistant worms (Leathwick et al., 2006).
Another approach is increasing the protein content of the
diet at lambing, which aids in lessening the success of the
worms within the ewe, and therefore, they do not
contaminate the pastures with as many eggs. However, the
use of an anthelmintic before turning animals onto a
parasite free pasture ensures that only worms the flock is
exposed to a month later are the offspring of the survivors.
So, one approach should be to expose at risk animals to
pastures with low numbers of parasite larvae so the immune
response is stimulated but no disease seen, or leave some of
the adult sheep untreated (Dobson et al., 2011). The worms
in the untreated sheep reproduce and their offspring mate
with the offspring from the treated sheep diluting the genes
for resistance (the refugia) in the next generation of
parasites.

In addition to management several approaches other
than anthelmintics may prevent disease caused by
gastrointestinal worms. Copper oxide wires may be an
effective way of protecting adult sheep from Haemonchus
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but can also cause chronic copper poisoning if not carefully
managed. In some situations the use of fungi that Kill
newly hatched nematode larvae can lower the pasture
contamination. A fungus, Duddingtonia flagrans, traps
nematode larvae with its mycelia then enters the larval
worms and devours them. Its spores pass through the sheep
digestive tract and are used to control parasites in some
areas in Europe and have been evaluated in North America
for control of larval nematodes in several species of grazing
animals. However, these fungi do not kill worms in the
digestive tract of the sheep so must be constantly fed or
incorporated in a slow release ruminal bolus to make any
long term impact (Fleming et al., 2006).

Plants containing high levels of tannins, such as serecia
lespedeza or juniper, may be grazed or fed to affect the
newly acquired larval worms before they can establish in
the gastrointestinal tract. These plants can also provide high
quality protein. In areas where these plants grow well, they
can be a major aid in parasite control (Terrill et al., 2012).
Elsewhere they may be offered as hay or pellets but if the
pastures are rapidly growing are unlikely to be consumed in
high enough quantities to prevent disease.

Resistance to Anthelmintics

Resistance to deworming agents is not a matter of if,
but of when. Essentially, there is a direct relationship
between the number of times a worm population is exposed
to an anthelmintic and the advent of resistance as a clinical
problem. When an anthelmintic is used and it does not kill
100% of the targeted worms, the survivors probably are
carriers of resistant genes. The survivors have no one else
to mate with but another resistant worm.

Under dosing is a powerful selection mechanism for
resistance (Smith et al., 1999). If the average weight is used
as the dose for the flock, then an under dose is administered
to the larger animals. One practice that simulates under
dosage is the subcutaneous administration of cattle
dewormers in small ruminants. Initially the blood levels are
high then drop off. In cattle this long residual effect kills
incoming worms from weeks to months following its use,
depending on the product and worm species. In sheep, and
to a lesser extent in cattle, as the blood levels drop, the drug
then removes only the worms without genes for resistance;
in effect, acting as a cutting gate turning back the wimps
and letting the super worms in (Craig and Miller, 1990).
The sheep and goat industry did a wonderful job of
selecting for ivermectin resistance by this practice.

The most obvious way of preventing selection for
resistance is by switching anthelmintics, i.e. rotating drugs.
Unfortunately, the obvious way is wrong and the rotation of
drugs within a grazing season selects for resistance to all of
the drugs in the rotation. This resistance will occur with
different drugs at different time intervals, but ensures that
multiple drug resistance will occur faster than if a drug was
used until no longer effective before switching to an
effective drug. A more effective method to slow
anthelmintic resistance is yearly rotation with an
anthelmintic from a different family; the worms at the
beginning of the year are the survivors of last year’s



treatment regimen and may be susceptible to next year’s
anthelmintic.

Discovering anthelmintic resistance at the farm or
ranch is often made only after a drug completely fails and
animals sicken or die. There may be a clinical response
from an anthelmintic with only 40% to 50% efficacy but
this leads to massive pasture buildup of resistant worms,
and numbers win. The fecal egg reduction test (FERT) is
the most common method of evaluating a herd or flock.
Samples are taken from several (6 to 20) individual animals
at the time of treatment and again in 10 to 14 d and a
comparison of egg counts before and after treatment are
made. Unless there is a 95% or greater reduction in egg
count you do not have a truly effective drug against the
adult nematodes present. But, certainly a 93% or 85%
reduction is better than a 20 to 50% reduction, even if it is
not ideal. Several laboratory tests for resistance have been
developed. Larval development assays in which nematode
eggs are placed in solutions containing varying
concentrations of anthelmintics are evaluated for the ability
of the worms to hatch then develop to the infective stage
(Taylor, 1990). Even small populations of resistant worms
can be detected by this system. It can be compared to the
FERT to determine if insufficient dose was administered in
a particular flock. However, the assays are time consuming
and expensive to run.

The effectiveness of dewormers may be increased by
some of the following strategies. Fasting overnight before
administering a benzimidazole (white drench) or by
treatment over a period of several days enhances efficacy of
this class of drug. Incorporating the drug in palatable feed
and making sure that all animals have access to and then
consume it may accomplish deworming without hands-on
treatment (Craig, 2006). In general, the use of blocks or
minerals to administer drugs has been disappointing as
consumption is too variable to ensure that all the hosts have
adequate intake each day. This hit or miss situation is
likely to lead to low dose selection for resistance.

When a premise has been identified where multiple
anthelmintic resistances occurs then combinations of
anthelmintics from different families may be useful
(Bartram et al., 2012; Colvin et al., 2012; Craig and Miller,
1990; Craig, 2006; Dobson et al., 2011; Dunn, 1978;
Eysker et al., 2005; Fleming et al., 2006; Kelly et al., 2013;
Kenyon et al., 2009; Kenyon and Jackson, 2012; Leathwick
et al., 2006; Miller and Craig, 1996). Even though each
individual anthelmintic is ineffective, combining drugs at
full therapeutic levels may be effective. The combinations
must be drugs from different classes with different
mechanisms of action. The combination of a
benzimidazole or a macrolide and levamisole has been very
successful in controlling worms in small ruminants in
Australia and in some, but not all, flocks in Texas. Of
course this approach is destined to fail in time.

When benzimidazole resistance is diagnosed in a flock,
the worms remain resistant over an extended period of time.
The benzimidazole resistant worm (Haemonchus contortus
variety tejano) is truly a super worm. It drinks more blood,
lays more eggs and appears to survive better in the
environment. The prepatent period (from larval entry into
the sheep until eggs are found in the feces) is a bit longer
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than other strains. Sheep with Texas Haemonchus, not
exposed to benzimidazoles for 15 yr, were treated and there
was only a 50% reduction in FERT. However, levamisole
resistance is a recessive trait. Therefore, if levamisole
resistance is detected, by not using the product from 3 to 6
yr may lead to a worm population again susceptible to the
drug. It appears that some ivermectin resistant strains of
Haemonchus lack cold tolerance during the free-living
stages.  Where there are prolonged periods of low
temperatures the larvae die. This may be one reason that
ivermectin resistance is not as common in the northern
United States.

Two families of anthelmintics, not yet on the market in
the United States, are used in other countries and one is
being evaluated for use in sheep in the United States.
Because they are chemicals completely different from the
available products, they are likely to be effective where
others have failed. Hopefully, the prudent producer will not
use the new product unless there has been failure with the
currently used drugs and then use it to prevent disease not
get rid of all parasites.

Targeted or selective deworming, that is treating only
the sheep at risk, such as early lactation with high milk
producing females, young animals in a herd, or individuals
with signs of disease (pale mucous membranes, high egg
counts, bottle jaw), lowers the chances of selecting resistant
parasite because the worms in the non-treated animals will
survive whether possessing resistant genes or not (the
refugia) (Kenyon et al., 2009; Kenyon and Jackson, 2012).
The refugia is a population of worms that have not been
exposed to a specific anthelminthic and their offspring will
be in the pastures to be grazed as will the survivor offspring
of the resistant worms. The theory, with data to support, is
that the resistant and susceptible worms will mate diluting
the effect of the resistant genes. This approach is labor
intensive and may require frequent observations. When a
large number of animals are showing signs of disease or in
large flocks where observation of each individual animal is
too time consuming leaving 1 to 4% of the animals
untreated enables a sufficient number of survivor worms so
that selection for resistance is minimal (Dobson et al.,
2011).

FAMACHA, an approach to identify sheep for targeted
treatment, is where ocular mucous membrane color is
evaluated with a chart to determine the degree of anemia.
This methodology is effective where Haemonchus is the
predominant helminth. The idea is to determine the
individual animals with the largest numbers of worms and
only treat them. This removes most of the source of pasture
contamination but puts no selective pressure on the worms
in the remainder of the flock, the refugia worms (Miller et
al., 2011; Molento et al., 2009). The chart can also be used
to evaluate the flock to see how things are going before
clinical signs are seen. The greatest problem with the
FAMACHA approach is the lack of susceptible worms to
any anthelmintic on some ranches.

Resistant worms are present inside a host that has been
treated with an anthelmintic that has removed the
susceptible worms. Maintaining newly purchased animals
in a barn or dry lot until they have been evaluated after
treatment with an effective anthelmintic or combination of



anthelmintics is an essential part of a herd health
management. Many producers isolate animals that have
evidence of some infections so they don’t have a chance to
infect the remainder of the flock but forget that resistant
worms in a healthy animal will infect the flock if not this
year then the next.
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ABSTRACT: Prolificacy is the end product of number of
ovulations x fertilization rate percentage x embryonic
survival percentage x fetal survival percentage x survival of
the birth process percentage; it is expressed as lambs born
per ewe lambing. In the ewe kept for meat production, it is
the single most important trait in determining income from
the enterprise. Prolificacy has been considered a lowly
heritable trait, but selection can be effective, especially if
estimated breeding values based upon performance of the
individual and relatives are available. It is influenced by
specific gene mutations that involve bone morphogenetic
protein-15 and its receptors and growth differentiation
factor-9. These mutations affect ovulation rate, which is the
first limiting factor to litter size. Ovulation rate varies
seasonally and can be increased by several nutritional or
hormonal manipulations. Fertilization rate is affected by the
ram, as well as by seasonal variations, hormonal
manipulations of the ewe and methods of artificial
insemination. In the late embryonic and fetal portions of
pregnancy, partial losses occur more often than complete
losses. Complete losses of embryos or fetuses after d 25
were greater in ewes that had lower progesterone at d 25 of
gestation. Selection and management regimens should be
developed to optimize prolificacy in relation to the
geographic location, genetic background of the stock
involved, input costs and overall environment of the
operation.

Keywords: breeding value, ewe, litter size, prolificacy,
ovulation

Introduction

Prolificacy (litter size) in sheep is dependent upon
three major physiological functions: ovulation of ovarian
follicles, fertilization of the ovulated oocytes, and survival
of the resulting embryos through embryonic and fetal
development and parturition. The latter two are dependent
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upon factors in both the ewe and the ram, but only the ewe
will be considered in detail in this review. Attention will be
given to genetic, nutritional, hormonal, and management
factors that affect follicular development, selection of
ovulatory follicles, survival of early embryos and losses
during the late embryonic and fetal stages.

Ovulation Rate

Number of ovulations at a given estrus becomes the
first limiting factor in prolificacy. It is usually assessed by
counts of corpora lutea, but with the advent of observations
by ultrasonography, can be estimated from the
disappearance of large follicles from the ovaries during
estrus. To assess the contribution of ovulation rate and
examine how it might be optimized, several factors that
affect it will be examined in some detail.

Because ovulation rate is determined by number of
mature follicles at the time of the pre-ovulatory surge of
luteinizing hormone (LH), it is largely dependent on the
rates of follicular development and atresia. Therefore, we
will briefly review the physiological control of follicular
recruitment and selection. Interested readers are referred to
an excellent recent review of the details of formation and
development of follicles and factors affecting ovulation rate
in ruminants (Scaramuzzi et al., 2011).

Ovarian follicles continuously grow to approximately 2
mm in diameter independent of gonadotropins. Beyond that
point, follicles become not only more responsive to
gonadotropins, but increasingly reliant upon gonadotropic
support (Scaramuzzi et al., 2011). Small increases in
follicle stimulating hormone (FSH) and threshold
concentrations of LH recruit follicles into cohorts that are
destined to ovulate or be lost. These gonadotropin-
responsive follicles acquire the ability to secrete estrogen
and become gonadotropin dependent. Thus, the number of
follicles that continue to develop is dependent upon the
amounts of FSH and LH available for this support, which
likely leads to the observation of “waves” of follicular
development from 3 to 5 mm in diameter. These larger
follicles are dependent upon LH to support estrogen
secretion, and are progressively lost if an LH surge does not
occur. Concentrations of LH are regulated by
concentrations of progesterone during the luteal phase,
leading to frequent turnover of individual follicles and an
average of about four waves per cycle in most breeds that
have been studied. Thus, the maturation of follicles to a pre-
ovulatory stage is dependent upon FSH for recruitment into



final growth and upon LH for maintenance in a responsive
state for ovulation.

A key contributing factor to ovulation rate is the period
of time during follicular development in which ovulatory
follicles grow to an ovulable size and remain responsive to
an LH surge. It has been demonstrated in numerous studies
that an increased number of ovulable follicles can occur by
either retention of more follicles from the penultimate wave
of development, recruitment of more follicles into the
ultimate wave, or a combination of both. More follicles
from the penultimate wave ovulate when luteal phase
progesterone has been lower and secretion of pulses of LH
has been more frequent during the previous luteal phase
(Bartlewski et al., 1999; Knights et al., 2003; Devonish et
al., 2009).

Genetic Control of Ovulation Rate

Obvious differences among breeds gave the initial clue
that genetic factors influenced ovulation rate. It was
assumed that prolificacy, a quantitative trait, would be
controlled by multiple genes, but heritability estimates for
numbers of lambs born were always low, around 10%.
However, the trait was predictable. In flock records from
which the influence of sub-fertile or infertile rams and the
effect of ewe age had not been removed, year-to-year
repeatability averaged 10.8% for number born and 12.9%
for number raised (Inskeep et al., 1967). Lifetime
performance of ewes that had averages of 1, 1.5, 2, or 2.5 or
more corpora lutea at two observations in one breeding
season were litter sizes of 1.23, 1.33, 1.47 and 1.56,
respectively (Hulet and Foote, 1967).

The advent of a more in depth understanding followed
the observation of greater ovulation rate in Merino ewes on
the Booroola station in Australia by Helen Newton Turner
(1978). We now know that the “Booroola gene” is on
chromosome 6 and consists of a point mutation in the
receptor 1B for bone morphogenetic protein-15 (BMP-15).
The Booroola mutation increases secretion of FSH and is
expressed in oocytes and granulosal cells in the follicle. A
single copy increases ovulation rate by 1 or 2 oocytes and
two copies by 3 to 10 oocytes above non-carriers. This gene
affects ovulation rate by a number of mechanisms. There
are more primordial and pre-antral follicles in their ovaries
(Driancourt et al., 1985). Ovulable follicles are recruited
over a longer period, undergo less selection, and remain in
the window of opportunity to ovulate longer in Booroola
Merino ewes than in control Merinos (Driancourt et al.,
1985).

Other mutations, for which one copy can increase
ovulation rate, but two copies yield no ovulations, have
been identified in BMP-15 itself (on the X chromosome) or
in growth differentiation factor-9 (GDF-9, on chromosome
5); both of these factors are expressed in the oocyte and are
essential for ovulation. For detailed reviews, see McNatty et
al. (2004) and Fabre et al. (2006). Recently, Silva et al.
(2011) reported another polymorphism in GDF-9 in
Brazilian Santa Ines sheep, in which homozygous ewes had
an 82% increase in ovulation rate and a 58% increase in
prolificacy.
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Seasonal Regulation of Ovulation Rate

In breeds with strong seasonality, there are periods in
the spring and summer when ovulation does not occur.
Even within the breeding season, ovulation rate is lower
early, peaks at mid-season and declines as the ewes
approach anestrus (Hulet et al., 1974).

Nutritional Effects on Ovulation Rate

Nutritional “flushing” of ewes to increase ovulation
rate has been practiced for many years, with a variety of
different approaches, from use of grain feeding or turning
into aftermath meadows, to increasing nutrition by either
method after a period of deliberate limited pasture or range
quality. Early work led to the concept that there were
effects of both static (longer term nutritional status as
reflected by body condition) and dynamic (temporary
increases) nutritional signals on ovulation rate (Coop,
1966). Attempts to identify the mechanism of nutritional
effects began in the 1960s with studies of gonadotropin
content of the anterior pituitary and follicular development
in the ovary (e. g., Bellows et al., 1963). Memon et al.
(1969) found that energy had a greater effect than protein
when either or both were increased above a maintenance
regimen. In a recent review, Scaramuzzi et al. (2011)
concluded that flushing effects occur mainly at the ovary,
with the dynamic (short-term) response signaled mainly by
glucose and insulin, and body condition acting primarily
through growth hormone, insulin like growth factor (IGF),
and the adipose tissue hormone, leptin. These signals
regulate functions in the oocyte and follicle, and whether
the oocyte is ovulated or lost through follicular atresia is
determined in part by its actions on the follicle.

In early work, it appeared that nutritional flushing
needed to continue for at least the length of an estrous cycle
to be effective. A more rapid action was observed in ewes
with a synchronized follicular wave (Vinoles et al., 2010).
Supplementation for just six days, beginning on the day of
wave emergence, increased emergence of a second
follicular wave on the fourth day, and tended to increase the
rate of ovulation of follicles in that wave in ewes in high
(1.7 vs 1.3), but not low (1.1 vs 1.2) body condition. In
three of seven supplemented high condition ewes,
ovulations occurred from both the first and second waves,
despite the short interval for development of the second
wave.

Hormonal Factors in Ovulation Rate

As stated above, lower progesterone encourages
increased pulse frequency of LH and increased ovulation
rates, which may be reflected in increased prolificacy, if
prolificacy in control ewes is relatively low in relation to
their genetic potential. Knights et al. (2001a, b) observed no
significant benefit of treatment with FSH in anestrous ewes
that received progesterone via controlled internal drug
releasing (CIDR) inserts for 12 or 5 d before ram
introduction.  Similarly, melatonin implants increased
prolificacy in groups of ewes in which controls had fewer
lambs born per ewe, but not when litter size was already



approaching twinning (Lopez-Sebastian and Inskeep,
1991).
Hormonal treatments with gonadotropin releasing

hormone (GnRH), LH, equine chorionic gonadotropin
(eCG), human chorionic gonadotropin (hCG) or
combinations such as P.G. 600, which contains both eCG
and hCG, have been used in numerous trials as a means to
increase ovulation rate and prolificacy. Effective
approaches to superovulation for embryo transfer have been
reported (see review by Gonzales-Bulnes et al., 2004).
Results in out-of-season breeding or with regimens for
synchronization of estrus have varied with dosage, timing,
and treatments used in combination with the gonadotropin,
but effective increases in lambs born per ewe lambing have
been rare and pregnancy rates have sometimes been
compromised. Because most of the important variables are
discrete, rather than continuous, results based upon small
numbers of ewes cannot be considered reliable for
predicting results, especially when breed, season of the
year, body condition, ewe:ram ratio, and preparation of
rams and ewes have varied. Safranski et al. (1992) treated
anestrous ewes with the orally-active progestogen,
melengestrol acetate (MGA) and P.G. 600 (200 I.U. eCG
and 100 I.U. hCG) at the last feeding of MGA. They found
more ewes ovulating and a greater ovulation rate with P.G.
600 than with MGA alone, but no change in lambs born per
ewe lambing or per ewe exposed. In recent trials in West
Virginia, treatment of non-lactating anestrous ewes with a
slightly greater dose of P.G. 600 (240 I.U. eCG and 120
ILU. hCG) at removal of a 5-d CIDR treatment had no
value, but treatment with that dosage on the day before
removal of the CIDR showed promise in lambs born per
ewe treated (K. D’Souza and M. Knights, unpublished).

Another treatment that has been tested and used
extensively is immunization against ovarian hormones,
including estradiol, androstenedione, and inhibin. The most
successful in increasing ovulation rate was immunization
against androstenedione, the concept being that this would
reduce ovarian secretion of estrogen (because
androstenedione is a precursor of estrone and estradiol) and
thus negative feedback on FSH (Scaramuzzi et al., 1977,
Gibb et al., 1982; see review by Smith, 1985). This
treatment has been applied extensively in Romney ewes in
New Zealand.

Fertilization Rate

In the ewe, fertilization rate has been studied in a
variety of situations, most often with few animals, and in
relation to manipulations such as superovulation or
laparoscopic insemination. Whether fertilization or failure
was complete or partial within a ewe often has not been
reported, so useful assessments of factors affecting normal
fertilization rates are rare. One interesting observation was
that 81 to 95% of ova recovered at 3 d post mating were
fertilized in breeding season ewes kept at 70°F compared to
56 to 60% in ewes kept at 90°F since 5 d before estrus
(Alliston and Ulberg, 1961). It should also be kept in mind
that ram fertility can have important effects on fertilization
rate. For example, Hulet et al. (1956) attributed high rates
of fertilization failure (34 to 64% unfertilized) early in the
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breeding season to defective ova in 3 to 17% of cases and
poor sperm from rams in 31 to 48%, using data collected in
two consecutive years. Thus the importance of breeding
soundness exams and libido of rams cannot be
overemphasized.

Factors That Influence Embryonic
and Fetal Survival

Successful pregnancy requires continued secretion of
progesterone by the corpus luteum for approximately 50 d
(Casida and Warwick, 1945), after which the placental
secretion of progesterone is adequate. Maternal recognition
of pregnancy involves secretion of interferon tau by the
conceptus and increased secretion of the E prostaglandins
(Silvia et al., 1984; Bazer et al., 2008; Hansen et al., 2010),
to maintain the corpus luteum in the face of increased
PGF,a, which is probably also necessary for attachment of
the conceptus. Total failure of these processes, in
combination with fertilization failure and very early
embryonic loss, varies. However, loss during maternal
recognition is likely rare, because extended cycles are
rarely observed.

Hulet et al. (1956) estimated early embryonic death at
29% (20% before d 18 and 9% from d 18 to term) in ewes
mated early in the breeding season and 10 % in ewes mated
later. After breeding during summer anestrus, 28% of mated
ewes were not pregnant at d 25 (Dixon et al., 2007). Open
ewes could be attributed to failures of owvulation or
fertilization or early embryonic death. In the study by
Knights et al. (2003), number of corpora lutea at
ultrasonography on d 10 to 14 was 2.1 and an average of
1.9 embryos was present in pregnant ewes at d 25. After d
25, 21% of embryos present at that time were lost, 3 to 4%
of embryos or fetuses during each 20 to 25 d of the
remainder of pregnancy. Partial losses of pregnancy were
more frequent than complete losses of either single or
multiple embryos or fetuses (Dixon et al., 2007). However,
subsequent complete losses were associated with low
progesterone at d 25.

Placental angiogenesis, adequate attachments of fetal
cotyledons to maternal caruncles, and blood flow to the
utero-ovarian complex have all been suggested as limiting
factors that might contribute to partial losses. Based upon
earlier data in pigs and rats, Luther et al. (2008) treated
ewes on d 0 to 15 after mating with 27 mg arginine once
daily to stimulate nitric oxide secretion and thereby increase
blood flow to the ovaries and uterus. They found no effect
on pregnancy rate, but 0.3 more embryos and 0.4 fewer
corpora lutea not represented by embryos at d 25 in
arginine-treated ewes than in ewes receiving saline.

Losses during pregnancy varied with breed group of
the ewe, being greater in black-faced ewes than in white- or
mottled-faced ewes in the study by Dixon et al. (2007).
However, in another study, losses were greater in white-
faced ewes, especially dairy sheep breeds (Holler, 2011). In
that study, losses differed with ram breed groups and
individual rams as well as with genetic background of the
ewe. Losses occurred during pregnancy regardless of
whether ewes were mated at synchronized estrus, in or out
of season, or at natural estrus in season. Ovulation rate



increased with age, and perhaps surprisingly, losses also
increased with age of ewe. That result may simply reflect
the fact that losses increased with ovulation rate, as shown
in numerous studies reviewed by Devonish et al. (2009).
The latter authors studied the effects of circulating
concentration of progesterone on ovulation rate, embryonic
and fetal losses, and litter size in prolific Barbados
Blackbelly ewes. As mentioned earlier, ovulation rate
increased as concentration of progesterone decreased, but
the number of corpora lutea not represented by lambs born
also increased, so that litter size remained constant,
regardless of concentration of progesterone. Thus average
litter size, in ewes that become pregnant and retain
pregnancy, is usually less than ovulation rate.

Conclusion

Ovulation rate sets the upper limit on prolificacy and is
influenced by a number of factors, including time of year,
genetic (breed) differences, and nutritional status of the
ewe. Fertilization rate and embryonic and fetal loss then
decrease the maximum prolificacy rate. Fertilization rate is
usually relatively high except during anestrus or the
transition season, so most losses are due to embryonic or
fetal death. The reproductive fitness of the ram has a major
impact on these factors that decrease prolificacy and should
thus be taken into account in any attempts to maximize
lamb production.
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ABSTRACT: Developmental programming, defined as a
stimulus or insult during a critical period in conceptus
development establishing a permanent physiological
response, is of growing concern in livestock production.
Factors that could impact conceptus development include:
genetics, maternal age, litter size, maternal activity level, or
nutrient availability. Decreased nutrient availability during
early pregnancy may hinder placental development,
ultimately restricting fetal growth during later stages of
gestation. Poor maternal nutrition during later stages of
pregnancy can equate to reduced birth weights due to
inadequate placental nutrient supply and concomitant
transfer to the fetus. Ultimately, maternal nutritional intake
can impact uteroplacental blood flow, and thus nutrient
delivery to the offspring. Low birth weights not only impact
neonatal morbidity and mortality, but more recently, have
been linked to poor growth performance and carcass
quality. Furthermore, maternal diet has also been shown to
impact reproductive performance of the offspring.
Elucidating the consequences of inadequate maternal intake
on the continual plasticity of placental function will allow
us to determine the proper timing and duration for
intervention in our livestock species.
Keywords: conceptus, nutrient
pregnancy, uterus

restriction, placenta,

Introduction

Sheep producers are interested in utilizing nutrients in
the most efficient way to optimize growth. Often, one tends
to focus on the growth that an animal achieves after birth;
however, sheep can spend 25 to 50% of their life (i.e. from
conception to consumption) within the uterus, being
nourished solely by the placenta. Therefore, it is especially
relevant to understand the impacts of the maternal
environment on placental growth and development as this
directly impacts fetal growth. The maternal system can be
influenced by many different extrinsic factors, including
nutritional status, which ultimately can program nutrient
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partitioning, and consequently growth, development, and
function of the major fetal organ systems (Wallace, 1948;
Wallace et al., 1999; Godfrey and Barker, 2000; Wu et al.,
2006). Fetal organogenesis occurs simultaneously with
placental development. As the growth trajectories for these
tissues vary, each tissue is susceptible to suboptimal
conditions (i.e. maternal undernutrition) at different
periods. Depending upon the production objectives, the
organ systems of greatest value may be those that
contribute to carcass traits (i.e. muscle and fat development)
as well as reproductive performance of replacement
females.

Impacts of Maternal Nutrition on Skeletal
Muscle Development

As skeletal muscle during fetal development has a
lower priority in nutrient partitioning compared to the brain
and heart, it is particularly vulnerable to nutrient deficiency
(Bauman et al., 1982; Close and Pettigrew, 1990).
Moreover, as there is no net increase in the number of
muscle fibers after birth, the fetal period is critical for
skeletal muscle development (Glore and Layman, 1983;
Greenwood et al., 2000; Nissen et al., 2003). Maternal
nutrient restriction can significantly reduce the number of
both muscle fibers and nuclei in the offspring (Bedi et al.,
1982; Wilson et al., 1988; Ward and Strickland, 1991).
Nutrient restriction in ewes from early to mid-gestation
results in a reduction of fetal skeletal muscle fibers, which
may be related to a down-regulation of mammalian target
of rapamycin (mTOR) signaling (Zhu et al., 2006). The
mTOR pathway is believed to mediate nutrient signals such
as amino acid sufficiency (Fumagalli and Thomas, 2000;
Gringras et al., 2001) and provides a link between
nutritional levels and skeletal muscle development (Erbay
etal., 2003).

In our laboratory, we have obtained slaughter data
collected from lambs born to ewes that have been globally
restricted or overfed by 40% compared with controls (i.e.
100% NRC recommendations). While our lambs had
similar hot carcass weight, individual dissected muscle
weights (i.e. semimembranosus and psoas) were reduced in
lambs from overfed ewes compared to control-fed ewes
(Harris et al., 2009). When we compared lamb carcass
measurements from ewes fed isocaloric diets but differing
levels of protein during the last third of pregnancy, we did
not observe any differences (Van Emon, 2013). In steers
born from cows that received a protein supplement during



the last third of pregnancy, hot carcass weight was also
similar to non-supplemented controls (Larson et al., 2009).
However, marbling score and those grading Choice were
increased in those steers born to protein supplemented cows
during late gestation (Larson et al., 2009). The differences
between our sheep protein studies and cattle research may
be species variation. It could, however, be influenced by
total caloric intake as well. In our sheep study, ewes had
similar caloric intake throughout the study, whereas in the
beef cattle studies, the additional supplement, although high
in protein, also just added more calories to the diet.

Impacts of Maternal Nutrition on Reproductive
Tract Development

During periods of maternal nutrient restriction,
offspring reproductive tissues would also be a low priority
during fetal development. Recent evidence indicates that
reproductive performance of female offspring from nutrient
compromised dams can be reduced. Heifers born from
multiparous cows given a protein supplement during the
last third of pregnancy had an increased pregnancy rate
compared to heifers from non-supplemented dams (Martin
et al., 2007). Fewer heifers from non-supplemented dams
attained puberty before the first breeding season compared
with heifers from supplemented cows in a subsequent study
(Funston et al., 2010). Additionally, in rats where dams
were protein restricted during pregnancy, female pups had a
delay to vaginal opening (i.e. puberty) and time to first
estrus compared to control dams (Guzman et al., 2006).

Our laboratory has also shown that maternal diet can
impact the fetal reproductive tissues. Fetal ovaries from
ewes experiencing a 40% nutrient restriction had a
decreased cellular proliferation rate in primordial follicles
compared to ovaries from fetuses of adequately fed ewes
(Grazul-Bilska et al., 2009). This decreased proliferation in
the primordial follicles follicle may impact future follicular
activity, fertility, and reproductive longevity of the female
offspring. Unfortunately, these data do not provide
information regarding the reproductive success of these
offspring.

Recently, we have demonstrated that if ewes are fed
isocaloric diets with varying levels of protein during late
gestation, ewe lamb reproductive performance can be
altered. Ewes fed diets that are similar in total energy, but
reduced in protein during late gestation, have ewe lambs
that give birth later in their lambing season. This could be
due to later attainment of pregnhancy or an increased
embryonic loss occurred early in the breeding season. Just
as interesting, if the percentage of the diet was enhanced in
protein content, there was no advantage in lambing criteria
of the resultant ewe lambs. In fact, our laboratory has noted
that lamb birth weights in ewe lambs born from dams fed
excess protein have offspring with a lower birth weight
compared to control fed ewes (Van Emon, 2013).

Can We Impact Postnatal Performance by
Enhancing Placental Function?

Regardless of the experimental approach employed to
study intrauterine growth restriction, uteroplacental blood
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flow is reduced (Reynolds et al., 2005). In approaches
where the pregnant ewe is undernourished, nutrient
availability in maternal plasma is reduced and therefore
uptake by the gravid uterus is limited. We have recently
demonstrated that when ewes are nutrient restricted during
mid to late gestation, umbilical blood flow is reduced by
~30% compared to controls (Lemley et al., 2012).
However, if pregnant ewes are supplemented with
melatonin during the second half of gestation, umbilical
blood flows can increase to levels that are experienced by
adequately fed ewes (Lemley et al., 2012). Further
investigations are underway to associate how placental
function is linked to post-natal performance.

Conclusion

The continual desire to enhance management methods
to produce healthy lambs has led to increased research in
the area of developmental programming. By understanding
how the maternal system can, or cannot, adapt to differing
stressors during normal pregnancies, we can develop
interventions or therapeutics to augment placental
development and enhance nutrient delivery in order to
produce optimally developed offspring.
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ABSTRACT: The American Sheep Industry Association
(ASI) began an initiative in 2011, called Let’s Grow, to
grow the national flock in order to provide a strategy to
strengthen the industry’s infrastructure for long-term
sustainability. This article will discuss the promotion of the
program, resources developed, programs that were supplied
funding, and the 2013 Scope of Work.
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Promotion

The focus of the work in 2011 on the Let’s Grow
initiative was to promote its launch, which included the
development of a website (www.growourflock.org)
marketing materials, and media promotion. The site
includes a resources section that hosts downloadable
management practices (written by a group of dedicated
sheep extension specialists) and links to various webinars
that have been hosted during the past year, among other
items.

Immediately following the launch of the campaign at
the 2011 sheep industry convention, ASI leaders promoted
the Let’s Grow initiative on RFD-TV Live. A variety of
sheep industry issues were covered but the highlights
included the goals of the initiative, a recap of the lamb and
wool markets, the benefits and ease of adding sheep to
already existing agriculture enterprises, resources for new
producers looking to get into the industry and the array of
industry  information that can be found at
www.sheepusa.org. In addition, the audience viewed a
series of sheep producer documentaries depicting their
success in the industry and portraying the various methods
in which to raise sheep. Those documentaries can be
viewed at http://www.sheepusa.org/ASI_on_RFD-TV. The
hour-long show concluded with live calls from the
audience, which ranged in topics from Livestock Risk
Protection for Lamb, how the industry is promoting lamb,
and sheep stocking rates.

The media promotion prong consisted of media events
held in lowa, Minnesota, Ohio, Indiana, Tennessee and

! The 2013 Sheep Symposium was developed as a cooperative
venture between the Western Section of the American Society of
Animal Science and the Western Education, Research, and
Academic-039 Coordinating Committee.

2 Corresponding author’s contact information: 9785 Maroon
Circle, Suite 360, Englewood, CO 80112; e-mail:
porwick@sheepusa.org

27

California. Representatives from ASI provided an overview
of the demand and supply situation; steps the industry is
taking to help grow flock size; how individual producers
can expand their flocks; available markets; and how young
producers, individuals interested in a rural lifestyle, and
how producers of other livestock can get involved in the
industry. Local producers were also available to share their
stories and how they plan to help grow the industry. After
the initial launch of Let’s Grow, the work in 2012 focused
on the development of a mentor program and increasing
sheep production efficiency.

Resources Developed

ASI developed a sheep production tool kit targeting
emerging producers, which includes a host of information
to teach new producers about the production of safe and
wholesome food and fiber, the well-being of sheep, sheep
diseases, ration balancing software and educational
opportunities and courses. Also included in the package is a
complimentary digital version of ASI’s Sheep Production
Handbook. Mentoring guidelines were developed to assist
state sheep associations in the development of their
individualized programs and a webinar was hosted giving
even further insight to the mentoring relationship. In
addition, under the Let’s Grow initiative, ASI provided
states with a $1,000 grant to assist in the development of
their individualized program to help emerging producers
succeed in the industry. The focus of increased efficiency in
sheep production came with the development of additional
management practices posted to the Let’s Grow site in
addition to the hosting of production focused webinars for
the industry.

Funded Programs

A major funding program for this initiative in 2012 was
the SheepSD project, a South Dakota State University
Extension program designed to help sheep producers enter
and expand into the sheep industry. This 3-yr program
provides a curriculum to help equip new producers with the
tools to make wise management decisions, in turn
contributing to ongoing sheep production, land stewardship,
and rural community viability.

2013 Scope of Work
The scope of work in 2013 will continue with the focus

on production efficiencies including the development of
additional management practices, continued distribution of



tool kits for new sheep producers, and again offering a
$1,000 grant to member state sheep associations for
mentoring activities and continued support of the SheepSD
program.

Another launch that will take place this year is the
addition of a Sheep Community of Practice to the
eXtension  system, which can be found at
www.extension.org/sheep. Producers will be able to access
research-based articles, take online courses, participate in
real-time webinars, and utilize an “Ask an Expert” function.
Once the site is fully populated, it will contain research-
based information on seven key areas: feed and nutrition,
reproduction and breeding, management practices, genetic
selection, health and veterinary care, grazing and pastures
and wool.

Conclusion

ASI believes the initiative has been successful, even
given the circumstances of the drought, fires, and market
price softening. According to an analysis of the sheep
industry that was made by the U.S. Department of
Agriculture's, Economic Research Service in its Livestock,
Dairy and Poultry Outlook, “In 2012, sheep inventory
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registered a smaller decline than in the previous two years.
Despite the drought conditions in most of the sheep-
producing areas, the ‘Grow Our Flock’ program by the
sheep industry appeared to slow the decline. The National
Agriculture Statistics Service's Sheep and Goats report
estimated the inventory of all sheep and lamb in the United
States on Jan. 1, 2013, as 5.34 million head, down 1 percent
and a 30,000-head decline from 2012. Breeding sheep
inventory decreased to 3.98 million head on Jan. 1, 2013,
down 1 percent from 4.0 million head on Jan. 1, 2012. A 2-
percent decline was seen in the 2012 lamb crop and is
expected to result in further lamb production declines
during 2013, with production at around 152 million pounds.
As a result, slaughter lamb prices, which declined
significantly in 2012, are expected to show strength in
2013...” (USDA, 2012).
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ABSTRACT: Feed costs represent a significant portion of
the total cost of livestock production. Historically, when
traditional feed costs are inflated, alternative feed
ingredients are more thoroughly researched, discussed, and
eventually used in livestock diets. As the price of feed
ingredients return to normal, use of alternative feeds
quickly subsides. = However, recent factors including
drought, rising fuel costs, and competition for biofuel feed
resources have caused an unprecedented rise in feed costs.
These factors, along with current issues such as economic
stagnation, greater emphasis on enhancing natural
resources, and increased environmental and livestock
production regulations, suggest that a temporary crisis may
be developing into a permanent problem. Numerous
alternative human food and crop residues, (e.g. bread,
candy, cotton gin trash) have been researched and used to
help stabilize inflated feed costs, but they are not always
available, have variable nutritional characteristics, and can
be difficult to handle. In contrast, an alternative feed does
exist, which is abundantly available throughout North
America, requires no inputs such as fertilizer, irrigation,
pesticides, or herbicides, and is highly resilient to drought
and market volatility: woody plants. Therefore, the process
of converting woody plants to feed should be revived by
making it more efficient, enhancing the nutritional value of
the final products, and documenting benefits to the animal,
natural resources, and rural economies. Currently, no other
program is available that can economically, or even
theoretically, reduce brush  encroachment  while
concurrently producing a livestock feed ingredient that is
cost competitive to traditional roughages.
Keywords: alternative feeds, feed
production, juniper, roughage

cost, livestock

Temporary Crisis or Permanent Problem?

The change in feed costs over the past decade is
alarming and has proven to be unsustainable for many
livestock production sectors. Rising feed costs (Figure 1)
can be attributed to many factors, such as rising fuel costs
and federal mandates of feed resources being diverted to
biofuels production (EIA, 2012; Wise, 2012). These costs
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are exacerbated by matters such as inflation and drought-
induced feed shortages. One notable example is the current
price of cottonseed hulls (CSH), which provide little
nutritive value and function mainly as a roughage
ingredient to maintain rumen function (Table 1). As of
February 15, 2013, Texas markets priced CSH at $145/dry
ton, not including average freight of $3/loaded mile
(Hansen-Mueller Inc., McKinney, TX). During the 2011
drought, CSH sold for approximately $350/ton in some
markets until they were no longer available in Lubbock
(Feedstuffs Magazine, October 5, 2011).

Currently, roughage ingredients of similar nutritional
quality to CSH (Table 1) are difficult to economically
justify in livestock diets when priced above $130/ton. The
question is, how many times within the next 5 yr will CSH
be priced below $130? Between June, 2010 and February,
2013, CSH were priced less than $130/dry ton only 85 out
of 177 reports; only 3 times between January, 2012 and
February 2013 (Texas markets; Hansen-Mueller Inc.,
McKinney). Higher quality roughage ingredients such as
alfalfa hay have an even more discouraging price history
for the livestock feeder.

During times of feed shortages and elevated feed costs,
livestock producers are more predisposed to utilize
alternative feeds, even if those feeds have not been
thoroughly researched or analyzed for nutrients. As the
cost of traditional feed ingredients returns to normal, use of
alternative feeds subsides. For instance, high feed prices
during 1918 to 1919 and during the 1930’s, resulted in
greater research and use of sawdust and ground aspen trees
in livestock diets (Davey, 1977; NRC, 1983); however, use
during both periods halted as the price of traditional
ingredients returned to normal. Even though woody
residues have not been generally recognized as competitive
feed alternatives under normal economic conditions (Scott
et al., 1969), it is notable that Populus trees were approved
as an Association of American Feed Control Officials feed
ingredient in 1980 (AAFCO, 2011).

We predict that livestock producers will need to
increase use of precision diet formulation to maximize gain-
to-feed efficiency and increase feed storage capacity to help
stabilize feed price fluctuations. In addition, greater
transportation and feed costs will encourage onsite confined
feeding operations and grazing systems that utilize local
feed resources to reduce time spent in the feedyard. These
predictions are partially based on the fact that the regulatory
burden on large concentrated animal feeding operations is
rapidly increasing. In some areas, this will lead to a greater
demand for brush control to enhance forage production.



We also predict that membership in livestock cooperatives
will become more important, to share financial burdens,
equipment, labor, and expertise. These predictions justify
the establishment of a national Wood-to-Feed Program that
will remain economically and environmentally sustainable
even if traditional feed ingredients become “reasonable”
once again.

Alternative Feed Examples and Considerations

The number of alternative feed ingredients that have
been used in livestock diets is extensive and cannot be
thoroughly discussed in this paper; however, the following
references provide abbreviated summaries: (NRC, 1983;
Lardy and Anderson, 2003; Blache et al., 2008). Before
potential feed ingredients can be commercially fed to
livestock, feeds must first be approved through FDA or
AAFCO procedures to ensure the feeds are safe for the
animal and do not result in residual compounds in milk or
meat that affect human health. Furthermore, certain issues
need to be considered before using any feed, especially
alternative feeds that have not been extensively researched.
For example, depending on concentration certain secondary
plant compounds, i.e. condensed tannins (CT) and
terpenoids, can either reduce animal performance (Barry
and Forss, 1983; Pritz et al., 1997; Blache et al., 2008) or
increase animal performance (Waghorn et al., 1987; Min et
al., 2001; Ramirez-Restrepo and Barry, 2005).

Diets containing greater than 5% mesquite leaves can
reduce intake and BW gain in sheep (Baptista and
Launchbaugh, 2001), due to compounds such as flavonoids,
phenolics, and alkaloids (Cates and Rhoades, 1977; Solbrig
et al,, 1977; Lyon et al., 1988). Other compounds to
consider are phytoestrogens and certain minerals such as
Se, as previously reviewed (NRC, 1983; Blache et al.,
2008). Thus, analyzing each ingredient for chemical
composition and purity is especially important in alternative
feeds. Two other important considerations include the need
for specialized facilities and equipment to store, move, and
process low-density feeds and the use of pre-treatment
technologies (e.g. air- and oven-drying, ensiling, and
pelleting) that can reduce concentrations and bioactivity of
secondary plant compounds. Each individual buyer will
need to use research, experience, or both, to determine if
the ingredient is worth purchasing.

Development of the
Texas AgriLife Wood-to-Feed Program

Goats will consume juniper leaves while grazing
(Malachek and Leinweber, 1972); thus, our first experiment
centered on feeding lambs mixed diets that contained
redberry juniper leaves. Because blueberry juniper was
more readily browsed than redberry juniper (Riddle et al.,
1996) and goats consumed more juniper than sheep (Straka,
1993), we hypothesized that our results would be even more
relevant to goats and blueberry juniper. In this experiment,
replacing 50% of the CSH with redberry juniper leaves
increased animal performance in lambs, compared to diets
containing CSH or juniper leaves as the sole roughage
source (Whitney and Muir, 2010). These results led to a
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study in which mixed diets containing ground juniper
leaves and small stems were fed to lambs. The juniper
successfully replaced all of the oat hay in diets containing
40% DDGS (T. R. Whitney, unpublished data). Additional
studies showed that redberry juniper-based diets can reduce
Haemonchus contortus infection (Whitney et al., 2011; T.
R. Whitney, unpublished data) and that other Juniperus spp.
have similar nutritional characteristics as compared to
redberry juniper (Table 1).

A further review of the literature revealed a wealth of
information related to successfully incorporating woody
material into livestock diets (e.g. Sherrard and Blanco,
1921; Archibald, 1926; Hvidsten, 1940; Nehring and
Schutte, 1950; Marion et al., 1957; Parker, 1982; NRC,
1983).  These reports, along with numerous others,
demonstrate a potential to reduce woody plant
encroachment, while synergistically developing a low-cost
livestock feed ingredient. For example, Marion (1957)
reported that steers fed mixed diets containing 50% ground
mesquite wood performed similar to steers fed 50% CSH
and that the mesquite meal cost 44% less than CSH. So,
why did this process not develop into a permanent
production practice? Many suggest that the low cost of
traditional roughage sources did not justify the additional
labor and equipment costs needed to convert standing trees
into feed. However, machinery and techniques available
today are much more capable and efficient in converting
large quantities of standing trees into quality hammer-
milled feed products. Also, brush encroachment has
become the center of attention for natural resource,
livestock, and wildlife management and soil and water
conservation, and the current price of roughage feed
ingredients justifies an integrated program that converts
woody plants into feed.

The Texas AgriLife Wood-to-Feed Program has been
developed from almost a century of documented research
efforts, advanced technology, entreprencurship, and
foresight of our predecessors. The primary goal is to
increase the value of encroaching woody plant species to
reduce harvesting costs, while synergistically increasing
grass production and ecosystem health, and reducing
livestock feed costs. Multiple scientists and industry
partners with complementary backgrounds and specialties
are collaborating to rapidly increase adoption rate of this
proven practice.

Implications

Rising livestock feed costs will necessitate changes
within all livestock industries. Production practices will
shift as producers address feed ingredient shortages.
Energy, economic, and regulatory challenges will accelerate
adoption of feeding alternative ingredients in livestock
diets. The feasibility of any alternative feed depends on
cost and availability. While the cattle industry is an
excellent outlet for woody feed ingredients, small ruminants
stand to benefit from utilizing ground woody plants perhaps
even more than cattle, in part due to their suitability to
landscapes where woody plants dominate. In certain
circumstances, woody plants are an on-site feed resource on
many sheep ranches throughout the U.S. Numerous



benefits to rangelands, the livestock industry, and local
economies will be recognized when large amounts of brush
are harvested for livestock feed. Producers should be ready
if the current price of feed transitions into a permanent
problem.
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Table 1. Chemical composition (%, DM basis) and 48-h IVDMD of traditional and
alternative feed ingredients'

Nutrient’
Item CP NDF ADF Ash CT IVDMD
Alfalfa, mid-bloom 17 47 36 9 - 71
hay
Coastal bermudagrass 10 73 36 6 - 56
hay
Sorghum-sudangrass 8 67 43 10 0.9 50
hay
Cottonseed hulls 6.6 79 69 2.7 5.6 21
Redberry juniper, 7.1 37.7 31.2 53 5.5 67
leaves
Redberry juniper, 3.6 66 56 4.2 4.7 29
whole tree
One-seed juniper, 3.6 64 53 4.4 2.7 32
whole tree
Eastern red cedar, 3.7 68 58 35 5.6 29
whole tree

'NRC, 1983; NRC, 2007;Whitney, T. R., and J. P. Muir. 2010; W. C. Stewart and

T. R. Whitney, unpublished data.

’CP = crude protein; NDF = neutral detergent fiber; ADF = acid detergent fiber; CT =
condensed tannins; [IVDMD = invitro dry matter digestibility.
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Figure 1. Market prices (at source and not delivered) for traditional roughage
ingredients: cottonseed hulls (CSH; Hansen-Mueller Trading, McKinney, TX);
dehydrated alfalfa (Alfalfa, dehy), and round bales of coastal bermudagrass hay
(Costal Hay; USDA-AMS, 2008-2013).
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ABSTRACT: Carefully managed sheep grazing can be an
important tool to manage the health of rangeland
ecosystems, while maintaining production on these lands.
Grazing lands are increasingly lost to development,
cultivation, invasive species, and wildlife habitat
preservation, while livestock production must increase to
meet rising demands for food from a growing population.
Rangeland managers and livestock producers must explore
ways to intensify livestock production on remaining
rangelands and develop alternative grazing strategies to
benefit production and improve land health. Many
opportunities exist for producers to participate in restoration
grazing strategies that increase producer access to forage
and grazing lands, while helping to improve the efficacy
and longevity of other vegetation management tools. Sheep
grazing has been successfully integrated with herbicides,
mechanical treatments, prescribed burning, and insect
biological control agents to improve the success of
vegetation management. Targeted sheep grazing, combined
with insect biological control agents, that attacks plants
both above and below ground has strong potential to restore
large expanses of rangeland, while still garnering an
economic return from these lands. Restoration projects
initiated with an integrated plan that includes grazing
management from start to finish are more likely to be
successful ecologically and economically. It is important to
have well-defined goals for the final vegetative composition
as well as the economic investment of each project.

Key words: integrated management, invasive weeds,
restoration, sheep, targeted grazing

Introduction

Rangelands account for more than 40% of the world’s
land area and are classified as the most degraded land type
in the world (Lund, 2007). Furthermore, access to grazing
lands is being lost to development, cultivation, invasive
species, and wildlife habitat preservation, while livestock
production must increase to meet rising demands for food
to support worldwide population expansion (FAO, 2003).
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Rangeland managers and livestock producers are
exploring ways to intensify livestock production on
remaining rangelands, while simultaneously developing
alternative grazing strategies to improve land health (Estell
et al., 2012). Papanastasis (2009) advocates that rangeland
degradation is the result of mismanagement of livestock,
rather than their mere presence, and asserts that the solution
does not lie in exclusion of livestock grazing from
rangeland restoration projects, but in adapting grazing
management to help restore degraded rangeland. Numerous
opportunities are available for sheep producers to stretch
their home forage base, while performing grazing for
rangeland restoration objectives. While these opportunities
are not without potential risk to production efficiency, their
continued development may enhance the sheep industry
over the long-term by improving rangeland health and
sustainability of grazing operations.

Sheep have proven to be valuable tools for restoration
and vegetation management in rangelands, cropland, and
plantation settings; and can target a variety of annual
grasses, broadleaf weeds, and shrubs (Launchbaugh and
Walker, 2006). However, vegetation change through
grazing alone is a slow process. For example, it often
requires 4 or more years of sheep grazing before a decline
in perennial weeds is documented and weeds may return to
near pre-grazing levels within a few years of sheep removal
(L. Surber and R.W. Kott, Montana State Univ., Bozeman,
MT, personal communication). Consequently, the strategy
of controlling herbaceous, invasive weeds should focus on
integrated management, which involves the combined use
of two or more management tools to achieve a desired
objective on the landscape. Integration generally involves
using one tool to alter the structure or composition of the
existing plant community to improve the success of the
subsequent tool. Through research identifying effects that
grazing can have on the structure, age class, and
reproductive output of the plant community, sheep grazing
can mold the plant community into something more
receptive to other treatments, rather than trying to suppress
a target plant with grazing alone.

Sheep grazing can impact the plant community in
several ways, most commonly by reducing the biomass and
cover of herbaceous vegetation. Reduction in biomass can
affect fire behavior (Nader et al., 2007), while changes in
cover and litter can affect plant species recruitment
(Oesterheld et al., 1990). Grazing also impacts the species
composition of the landscape. Sheep generally prefer
broadleaf forbs to grasses and these natural preferences can



be used to gradually shift the composition of a plant
community to a more balanced or desired state (Gibson et
al., 1987; Krahulec et al., 2001). Selective grazing by sheep
can also alter the age distribution of plant species. Olson et
al. (1997) reported that sheep prefer the young, tender
rosettes of spotted knapweed (Centaurea stoebe) as
opposed to older plants with more structural fiber.

Sheep grazing can effectively control the seed
production of many invasive plants such as spotted
knapweed (Olson et al., 1997), leafy spurge (Euphorbia
esula; Lym, 1988), and sulfur cinquefoil (Potentilla recta;
Frost et al.,, 2011). Specifically, Olson et al. (1997)
demonstrated that 3 yr of continuous grazing by sheep
reduced the seedbank of spotted knapweed by 75%
compared with controls. Having a large seed bank is
important, even for perennial weeds, for weedy species to
maintain dominance of a site (Seastedt et al., 2007).
Grazing when seeds are formed but not viable reduced
viable seed rain of sulfur cinquefoil by 65 to 97% (Frost et
al., 2011). The ability of sheep to manage seed production
is a valuable tool, particularly for plants that have no
potential biological control agents. For example, agencies
in Idaho and Montana are exploring the use of sheep or
goats as a means to suppress seed production of rush
skeletonweed, an invasive plant that reproduces by massive
amounts of windborne seed, to prevent expansion from
remote areas of Idaho into Montana (K. Goodwin, Montana
State University, Bozeman, MT, personal communication).

Integration for Restoration

Sheep grazing has been successfully integrated with
herbicides, mechanical treatments, prescribed burning, and
insect biological control agents to improve the success of
vegetation management.

Grazing and Herbicides

Grazing has been successfully integrated with
herbicides to either stress plants before herbicide
application or to control residual plants following herbicide
application. Researchers in North Dakota used intense goat
grazing during the growing season to remove above-ground
foliage and stress the root system of leafy spurge. They
followed with a fall application of herbicide and determined
that control lasted longer than either grazing or herbicide
applied alone (Lym et al., 1997). Sheley et al. (2004)
demonstrated that successful control of spotted knapweed
could be obtained when sheep grazing was implemented
following treatment of spotted knapweed with the less
expensive, low-residual herbicide, 2-4,D. The 2-4,D
controlled the mature knapweed plants, but new seedlings
emerged the following year. These new seedlings were
readily consumed by sheep that prefer young, vegetative
knapweed over mature, fibrous plants (Olson et al., 1997).

Grazing and Prescribed Fire
There is great potential to integrate grazing and

prescribed fire to reduce the incidence of wildfire and
control invasive annual grasses. Sheep grazing may be most
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useful in moderating the fuel load on large areas of
rangeland with the intent of reducing flame height and
altering fire behavior by changing the fuel bed depth, fuel
loading, and percent cover (Nader et al., 2007). While
grazing can be used to reduce biomass of perennial grasses,
the greatest potential for restoration lies in reducing fuel
loads of cheatgrass (Bromus tectorum) and other annual
grasses. Early spring grazing can reduce annual grass
biomass and seed production (Mosley, 1996; Mosley and
Roselle, 2006). Prescribed fire can then be applied with less
damage to desirable plants and less risk of fire escape and
collateral damage. The prescribed fire destroys any
remaining seeds in the litter layer and livestock grazing the
following spring will control new seedlings of cheatgrass
(Diamond et al., 2012). Integrating fire with targeted
grazing provides more complete destruction of seeds
without the necessity of repeated grazing, which can be
difficult to accomplish on large areas.

Grazing and Mechanical Control

When the goal is controlling woody plant species or
shrubs, sheep may require mechanical assistance to get the
job done. Trees and shrubs may be too tall for sheep to
access and mechanical treatment can be used to lower the
canopy or provide an initial top-kill of the plant. Regrowth
of shrubs and trees is generally more palatable and contains
fewer toxins, so it is readily consumed by grazing animals
(Campbell and Taylor, 2007). Targeted grazing can also be
combined with mowing for restoration. Sheep will avoid
consuming decadent, mature plants, particularly grasses.
Mowing to knock down tall plants combined with sheep to
graze regrowth may provide an effective means of
suppressing undesirable tall forbs and grasses (Krahulec et
al., 2001).

Grazing and Insect Biological Control Agents

Numerous purposeful introductions of insect biological
control agents have been employed in an attempt to control
the ever-expanding populations of invasive plants in the
United States. However, only a handful of these agents
have had the desired effect on the target plant (McFayden,
1998) and decades may be required for the insect
populations to reach a density that negatively impacts the
target plant (Story et al., 2008). Often, multiple agents are
introduced that feed on different plant parts such as leaves,
stems, or roots in an effort to intensify damage to the target
plant (Miiller-Schérer and Schroeder, 1993). Grazing by
sheep can contribute to that damage and improve the
efficacy of introduced biological control insects by: 1)
reducing the seed dispersal of the target plant (Frost et al.,
2011, 2012; Wallace et al., 2008); and 2) altering the age
structure of the plant community to make it more
susceptible to insect biological control agents (Olson et al.,
1997). Olson et al. (1997) demonstrated that 3 yr of
successive sheep grazing in a spotted knapweed infested
plant community resulted in an increase in the average age
and size of knapweed plants. These older plants support
large taproots that are more susceptible to attack by the root
feeding weevil Cyphocleonus achates (Story et al., 1996).



Conversely, sheep may reduce biological control
populations through direct consumption of eggs and
juvenile insects on leaves and in seedheads as well as by
trampling eggs or adults hiding or overwintering in leaf
litter (Winston et al., 2010).

Currently, most biological control handbooks urge
against grazing in areas where insects have been released or
advise grazing when insects are not vulnerable to
consumption or trampling by grazing animals (Winston et
al., 2010). These concerns prompted a study to examine
effects of targeted sheep grazing on biological control
insects of spotted knapweed. Abundance of Cyphocleonus
achates (a root boring weevil), Larinus minutus and L.
obtusus (seedhead feeding weevils) was measured in
response to targeted sheep grazing applied at a moderate
grazing intensity (0.8 ha-:AUM™) and high stock density
(38.5 yearling sheep-ha™) in either July or August (spotted
knapweed in late bud-early flowering stage vs. full
flowering stage). Three years of targeted sheep grazing in
either July or August did not affect Cyphocleonus or
Larinus abundance, but negative effects on spotted
knapweed reproduction were additive (Table 1). Combining
biological control insects with targeted sheep grazing
reduced viable seed production by 98% compared with
biological control insects alone, and C. stoebe seedling
density was reduced 92% by grazing in July, and 63% by
grazing in August, compared with biological control insects
alone (Frost et al, 2012). Finally, the levels of seed
production with biological control insects combined with
targeted sheep grazing were far less than the estimated
amount needed to sustain spotted knapweed populations
(Story et al., 2008), whereas the amount of seed production
with biological control insects alone was far more than the
minimum amount required. Story et al. (2008) reported that
insect biological controls were responsible for large
knapweed die-offs in Montana; however, it took 30 yr for
the insects to attain sufficient populations to exert an impact
alone. Thus, addition of sheep grazing to the biological
control insects is depleting the seed bank at a more rapid
rate, thereby lowering the ability of the knapweed
population to respond positively to future disturbance or
favorable environmental conditions, theoretically reducing
the time required to realize population declines of spotted
knapweed.

Similarly, Jacobs et al. (2006) reported that
multispecies grazing (sheep and cattle) at a moderate
stocking rate on leafy spurge-infested rangeland did not
suppress populations of Aphthona beetles (leafy spurge
biological control insect). These researchers further
concluded that combining cattle and sheep grazing with
Aphthona beetles reduced leafy spurge density and cover
more than Aphthona alone. Additionally, leafy spurge seed
productive ability was reduced by about 94% after 5 yr of
grazing in either a continuous or rotation system.

These research projects demonstrate the success of
integrating above-ground grazing damage by livestock with
above- and belowground attacks by insects on suppression
of invasive weeds. Consequently, grazing should be
considered a viable management addition to rangeland
areas where insect biological control agents have been
released for either leafy spurge or spotted knapweed
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suppression, particularly on public lands where integrated
management is promoted.

Implications

The future of sheep production may well depend on the
ability of the producer to sell the ecological value of sheep
as vegetation management tools as well as the meat and
fiber products produced. As part of an integrated restoration
plan, sheep grazing can be successfully used to increase the
efficacy and longevity of more expensive vegetation
management tools, while providing an economic return
from rangelands. Additionally, using sheep grazing as one
of the tools in an integrated management program, rather
than the sole treatment, goes farther in convincing land
managers that the livestock are there to achieve vegetation
management rather than an attempt to increase stocking rate
or obtain less expensive forage. Furthermore, the
integration of several management techniques can provide
more complete control than a single method used alone, as
well as more rapid progress toward vegetation objectives
resulting in more economical control. Sheep grazing has
been successfully integrated with herbicides, mechanical
treatments, prescribed burning, and insect biological control
agents to improve the success of weed management, and to
sustainably produce, meat, fiber, and other products from
sheep grazing on rangelands.
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Table 1. Mean (n = 3 yr) response of insect biological control agents and spotted knapweed reproduction after
integrating targeted sheep grazing and biological control insects on foothill rangeland in western Montana.

Density (number/m”?)

Viable
spotted Spotted
Herbivory treatment Cyphocleonus  Larinus spp. knapweed knapweed
achates seeds produced seedlings
Biocontrol + sheep in July' 12° 3 4° 6°
Biocontrol + sheep in August® 8* 4° 8* 26°
Biocontrol insects only 6° 4° 275° 71°¢

" Sheep grazing applied when spotted knapweed in late bud-early flowering stage.
? Sheep grazing applied when spotted knapweed in full flowering stage.
b€ Column values with different superscripts differ (P < 0.05)
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ABSTRACT: The lamb market in 2012 was a disaster as
lamb prices collapsed more than 50% from record highs
early in the year. The collapse spurred searches for reasons
why prices collapsed and to identify those responsible for
the collapse. However, market analysts and producers with
a longer historical view of the industry couldn’t help but
have the feeling that we have been here before. This paper
examines the lamb market leading up to the price collapse,
causes for lower prices, and where the industry might go
from here.
Key Words:
industry
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“Its déja vu all over again”
- Yogi Berra

Looking Back

The U.S. sheep industry has had a long history of
declining sheep numbers. The reasons for the decline are
well  known, including increasing production costs,
declining demand for lamb, imported lamb, competition
from man-made fibers, declining wool demand, and others.

Recently, there have been reasons for optimism in the
industry as lamb prices increased, along with other meat
prices. Wool prices were recently at the highest since the
late 1980s. While the industry was smaller, growing ethnic
markets for lamb, new interest by high-end niche markets,
and branded products were providing alterative marketing
opportunities. The industry had also begun concerted
efforts to get producers to expand their flocks in hope to
maintain a critical mass of lambs for the meat packing
infrastructure.

Anatomy of the Crash

Prices for live lambs and lamb meat had increased
sharply to record high levels during 2011 and early 2012
(Figure 1).  Record-high prices certainly caused the
demanded quantity of the product to decline, especially
during a time of slow economic growth following the Great
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Recession and relatively lower competing meat prices. As
consumers pushed back against high lamb prices, retailers
saw sales slip as the product did not move off the shelves.
That pushed retailers to buy less lamb, pressuring packers
and wholesalers to realize that they could not move product
at the historically high prices. As they knew that they had
to buy lambs lower, they worked to “jawbone” producers
that lamb prices had to fall, to expect lower lamb prices.
Yet, given that packers make more money by buying the
product cheaper, producers expect them to always argue
that lamb prices are too high. Another result of the high
prices and expectations of high prices was that cold storage
stocks of lamb grew, especially high end cuts like racks, in
part because they could not sell them, but also in part due to
speculation that the racks could be sold into the strong and
rising market that no longer existed. Lambs for custom
slaughter and processing that had small defined markets
continued to move through the system at normal weights,
while lambs in feedlots did not move, creating a backup in
the marketing system.

Lamb feeders serve an important role in the industry by
providing the mechanism to spread out lamb supplies
throughout the year. Whether due to feeders not wanting
to sell lambs to packers at the offered lower prices, or
packers not wanting the lambs, the result was that the lambs
on feed in feedlots continued to eat, gaining weight and age
as time passed. Figure 2 contains lamb and yearling
dressed weights that indicate the heavy weights in mid-year
2012. Packers that owned lambs on-feed also kept feeding
their animals well beyond normal end-points. This caused
2 problems: 1) increased tonnage in the market; and 2) over
finished, very fat, heavy lambs that resulted in older, more
aged lamb that was of poor quality, which negatviely
affected taste. Some of this over fat, poor quality lamb
entered the market further damaging lamb demand as
customers were unhappy with the product.

As lamb feeders continued to lose money, new lambs
came to market and the lower finished lamb prices were
passed on to producers in the form of sharply lower feeder
lamb prices. Figure 3 contains feeder lamb prices for a 3-
market average of Colorado, Texas, and South Dakota
prices. Feeder lamb prices declined from over $210 per cwt
in the spring of 2012 to $90 per cwt by July. As lamb
prices declined, the extent of the corn belt drought became
apparent and rising feed costs further ate into feeder lamb
prices.

Overall, a market correction that began in the retail
segment of the industry with struggling demand, led to an



even stronger downward spiral in prices as the different
segments responded in their own interests.

It’s important to remember that the industry has been
here before. The market situation that led to a large number
of over finished, heavy lambs that weighed the market
down through volume of meat and/or poor quality has
happened before in the U.S. lamb industry. The same
situation occurred in the late 1950’s, spurring the
Congressional study of marketing in the industry (NWGA,
1960). Additionally, the market collapse in the late 1980’s
prompted the industry to fund a study of the lamb market
and recommendations for how to improve the industry
marketing system. The study was the oft-cited “Texas
A&M Study” (TAMRC, 1991). Again in 2001, falling
lamb prices led to over feeding that forced prices even
lower (McKinnon, 2001).

That the same situation has happened time and again in
the industry, should suggest that there are repeating factors
at work in the market and, indeed, there are. The workings
of the lamb market reflect some classic economic problems.
It is important to note that the lamb market is not unique in
experiencing these problems.

First, lamb is a non-storable commodity. Lambs
continue to eat, get fatter, over-finished, and age. They
can’t be stored “on the hoof” nor can the meat be stored for
long periods of time in cold storage. Non-storability sets
the stage for a product that must be sold at whatever the
market will bear, even if that is into a collapsing market.

Second, the lamb market can also be characterized as a
concentrated market. Few packers mean that there are few
buyers of lamb from producers and that the potential for
exercising market power to lower prices to producers may
exist. We might also think of the lamb industry as
concentrated in another way — the industry is a lot smaller
than it used to be.

Third, the various industry segments — producers,
feeders, packers, wholesalers, and retailers — are not closely
tied together. They are not integrated or tightly coordinated
as would be found in the poultry or hog industries. It is not
a “cost-plus mark up” business from one segment to the
other. Therefore, it is not often that all segments of the
industry profit at the same time. A sector (i.e. packing)
profits from buying lambs cheap and/or selling meat high.
Buying lambs cheap forces losses onto the producer or
feeder. Selling the meat high forces losses onto the buyer.
So, one sector can and will lose money, while another
sector is profitable. Additionally, in the case of 2012, a few
other factors can be considered, such as the overall
economy, relative prices of other meats, feed costs, and
drought. Each of these contributed to the price collapse of
2012. The price decline in 2012 was not limited to the
United States. The 2012 New Zealand lamb market was
reported to have similar problems (Morgan, 2012).

In past years, imported lamb has had a large negative
effect on U.S. lamb prices. However, 2012 was likely not
one of those years. Lamb imports declined as a percent of
U.S. lamb production for the year. It is true that imported
lamb is less expensive than domestic lamb, and that it most
likely provided some competition for domestic lamb that
was at a record high price. But, the volume imported did
not show growth over the year before.
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Where to Go from Here

The USDA sheep inventory report, released in
February, 2013, indicated that the number of sheep and
lambs declined about 1 percent over the previous year
(USDA, 2013). Considering the magnitude of the lamb
price collapse, the severity of the drought in Texas and the
Great Plains, and higher costs, the inventory report was a
good one. Sheep number in Texas actually increased. That
confirmed anecdotal stories that sheep inventories may
have come through the drought in better shape than cattle
inventories. It also confirmed other anecdotal information
relating to increasing interest in lamb production in Central
Texas as that region looks into tapping into the growing
niche markets for local lamb in urban areas.

The industry continues to face serious challenges
including public land use, drought, a lack of predator
controls, and high feed costs. History indicates that past
problems with over finished, poor quality lambs contributed
to a struggle to rebuild lamb demand after consumers have
purchased poor quality products. Consumers also face
choices at the retail meat counter and restaurants between
lamb that is priced higher than beef, which is also higher
priced relative to chicken. There is evidence that when
consumers don’t buy a product due to high prices it is
difficult to get them back.

The 2012 market crisis highlighted a need for more
market information. This market information may include
changes in grades, standards, and market definitions for
lamb. For example, at what point is a product sold as lamb
no longer lamb but mutton? The relationship between age
and taste profile is an important issue for lamb demand.
Improved definitions of products in the market place would
benefit producers and consumers.

Another area for market improvement is in lamb price
information, especially by expanding the number of weight
breakdowns in the price reports. Prices for heavy, over
finished lambs could be reported in a separate category
allowing for market information on price discounts for
those lambs relative to lighter, younger lambs. Some
markets for lamb are growing. Ethnic markets, largely
made up of Muslims and immigrants from parts of the
world where more lamb is consumed, are growing. Recent
survey work highlighted differences in these market areas
and indicated ways to expand or target lamb sales to these
audiences (TAMRC, 1991). Lamb also appears to have an
opportunity in the local, “naturally grown” type of market
segment. Even in the ethnic lamb consumer study,
consumers viewed lamb positively as a “natural product”.

Maintaining a critical industry mass will continue to be
a concern. Fewer sheep and lambs mean it is more difficult
to maintain a critical mass of lambs available to keep a
packing plant open. Recent consolidation and packing
plant closing in the industry has resulted in further
concentration.

The issue of industry coordination remains an issue
that will continue to affect price. It will remain an issue as
long as each sector of the industry is separate and profits
when other sectors are unprofitable. This is not unusual in
agriculture. Improved coordination could prevent or limit



over finished lamb problems that have plagued the industry
throughout recent history. The TAMRC (2001) study went
into great detail about the need for the various industry
segments to better coordinate. The report also outlined an
action plan for the industry. One of the most important
industry accomplishments following that report was the
establishment of the lamb checkoff. However, one can’t
ignore that in some cases more industry coordination
resulted in other problems as seen in hog and poultry
industries. Given the structure of the lamb market, it is
difficult to envision at this point in time a more cooperative
environment.

Summary

The sheep industry has been in the current market crisis
before. However, this time the industry is much smaller,
and recovering from low prices may require different
alternatives than have been utilized in the past. Maintaining
a critical mass is an even bigger concern as the sheep
industry looks to the future. The classic economic
problems that have been observed in many industries
remain. However, on the positive side, lamb prices have
been recovering since the market crash of 2012. Lamb

weights are down, reducing lamb supplies and eliminating
the over finished lambs from the market. Competition from
other meats remains, as does the effect of the recession on
consumer incomes. Rebuilding consumer demand should
be expected to take time. Fortunately, ethnic markets are
rapidly growing, which appear to be providing new
nontraditional markets for U.S. lamb.
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ABSTRACT: The U.S. sheep inventory continues to
decline, regardless of recent stimulus programs and
campaigning strategies. Only creative, out-of-the-box
efforts that effectively educate, facilitate, and recruit
prospect sheep producers can reverse this devastating
decline. The purpose of this presentation is to examine the
longstanding dogma of what has contributed to the decline
of the industry, and present a unique case of how labor
force enlightenment could possibly have a positive effect on
sheep production in the U.S. Compared with other food
animal production species, sheep generally require more
labor; the dogma is that available labor is lacking.
However, there is a segment of society that potentially has
unused labor and that appears to be in need of unique
opportunities that may align with their ideals; this segment
should be targeted for expanding sheep numbers in the U.S.
The potential labor force is retiring baby boomers, which is
a rapidly expanding demographic. Industry promotion
efforts should be focused on educating baby boomers on the
economic, ecological and lifestyle values of sheep
production.

Keywords: agriculture, baby boomers, food, sheep industry,
sustainability

Introduction

The sheep industry is in a crisis and has been for a long
time. As | reviewed previous reports on problems and
solutions for the sheep industry, it was obvious that no new
long-term solutions have been proposed in the last 30 yr;
what has been attempted in the last 50 yr, has not worked
(Gee et al., 1977; CAST, 1982; Parker and Pope, 1983;
Purcell, 1998; Jones, 2004; Williams, 2008). In recent
times, more often than not, it is agricultural economists that
are describing problems and suggesting the solutions.
However, it appears that the sheep industry violates the
basic premises of economics; i.e., neither producers nor
consumers appear to be rational agents. My premise in this
paper is to develop a convincing rationale for a new
solution to recommend to the industry, while it still has
some infrastructure left. Please be aware that this paper is
written with a great deal of trepidation, because | do not
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want to offend people that | respect or an industry that
afforded me a wonderful career. Furthermore, while the
following maybe wrong, | hope that my arguments, at the
least, stimulate discussion that results in a reversal of a
long-term decline and ultimate collapse of the U.S. sheep
industry. With this said, 1 go forward with confidence in
knowing that while | may not do any better than those that
preceded me, | cannot do much worse.

State of the Sheep Industry

Having faced and endured many problems sheep
producers appear to be in a state of learned helplessness.
This is a condition defined as the general expectation that
one cannot control important events, leading to lowered
persistence, motivation, and initiative. Seligman and Maier
(1967), while studying the relationship between fear and
learning, discovered an unexpected phenomenon, while
doing experiments on dogs using Pavlovian (i.e., classical)
conditioning. In Seligman's experiment, he paired a tone
with an electric shock, restraining the dog in a hammock
during the learning phase. The idea was that after the dog
learned to associate the tone with the shock, the dog would
feel fear on the presentation of a tone, and would then try to
escape. The conditioned dog was placed into a shuttlebox,
which consists of a low fence dividing the box into 2
compartments. The tone was sounded, but surprisingly,
nothing happened. The dog was expected to jump over the
fence. Next the conditioned dog was shocked, and again
nothing happened. The dog just laid there. When an
unconditioned (i.e., normal) dog was put in the shuttlebox
the dog, as expected, immediately jumped over the fence to
the other side upon receiving a shock. Apparently, what the
conditioned dog learned in the hammock was that trying to
escape from the shock is futile; this dog learned to be
helpless. The theory of learned helplessness was then
extended to human behavior, providing a model for
explaining depression. Depressed people learned that all
action is futile.

Declining sheep numbers are a sign of learned
helplessness in the sheep industry. Consider several studies
have shown that sheep numbers are not responsive to
positive returns on investments. For instance, between 1972
and 1987 sheep had positive receipts less cash expenses for
15 of the 16 yr (Figure 1) and these positive receipts
increased 460% over that period (Stillman et al., 1990).
However, during that same period, stock sheep inventories
fell 1.5 percentage units per year for a loss of 24 million
head. Similarly, a study of 5-yr breeding ewe elasticity to
revenue exhibited a 1% increase in lamb prices would result



in only a 0.7% increase in breeding ewe numbers (Jones
and Schroeder, 1998).

Elasticity is used to assess the change in one variable
(e.g. ewe numbers) as a result of a change in another
variable (e.g. lamb prices). When the value is greater than
1, this suggests that the demand for the good/service is
affected by the price, whereas a value that is less than 1
suggests that the demand is insensitive to price. The
elasticity found by Jones and Schroeder (1998) was
significantly lower than a similar study using economic data
from 1924 to 1983, which had a 5-yr elasticity of 1.4 and
included a period of increasing sheep inventories and peak
sheep numbers in the mid 1940’s (Whipple and Menkhaus,
1989). Williams et al. (2008) reported returns to labor,
investment, and risk on sheep operations of 17% in 2006,
but the U.S. breeding sheep inventory for January 1, 2013
reported a 13% decline since 2006.

Jones and Schroeder (1998) also found a very low
elasticity associated with wool revenue and predicted that
elimination of the wool subsidy program would likely have
only a small impact on the size of the industry. However,
that was not the case. The loss of the wool price supports
between 1992 and 1994 led to a major sell-off of breeding
stock (Williams et al., 2008). It appears that from an
economic perspective the sheep industry overreacts to
negative consequences and under reacts to positive
consequences, which could be interpret as a sign of learned
helplessness in the industry.

Like sheep producers, lamb consumers are relatively
insensitive to prices as indicated by several studies that
have estimated low elasticities between lamb price and per
capita lamb consumption (Williams et al., 2008). In the
U.S., lamb has always been a specialty meat consumed
primarily by ethnic groups and discerning consumers rather
than a staple food item (Figure 2). Over the past 100 yr,
annual per capita lamb consumption on a carcass basis has
not exceeded 3 kg (6.6 Ibs.) per person and has always vied
with veal for the last place meat item of the American diet.
Per capita consumption of lamb was about 0.6 kg (1.3 Ibs)
between 1975 and 1995 whether the price was $2.60 per kg
($1.18/Ib) or twice that at $5.20 per kg ($2.35/Ib),
respectively.

Problems in the Sheep Industry

Producers, economists, and animal scientists each have
theories to reverse the decline in sheep numbers, which are:
e Sheep producers believe predator control is the

solution.

e Economists believe that increasing demand and thus
price is the solution.

e Animal scientists believe that increasing production
efficiency, i.e, lowering production cost, is the
solution.

Predator Control
Predation is unique to the U.S. as compared with causes for

sheep number declines in other countries (Woodford,
2010). A recent survey of sheep producers reported that
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“better predator control” was the fourth ranked reason that
would help producers to expand their sheep numbers.
However, the ranking varied by region and flock size and
was less important in small flocks and regions were sheep
numbers are currently expanding (ASI, 2010). However, |
would argue that predation is not the problem, labor is.
Some producers are able to successfully produce lamb in
the face of high predator densities. To accomplish this, they
committed to using available technologies (e.g., trapping
and snaring, livestock protection dogs, night penning, etc.)
to ensure the safety of their livestock. Producers have
shown that this is possible to suppress predators below an
economic threshold. But, the commitment required more
and persistent labor than most producers were willing to
invest. Finally, 1 would leave the reader with a quote from
Shimon Peres, current president of Israel, to ponder relative
to the predation problem: "If a problem has no solution, it
may not be a problem, but a fact — not to be solved, but to
be coped with over time." .

Increasing Demand and Price

“If demand was increased and thus, the price of lamb
and wool, it would solve the industries problems” is a
common statement by members of the sheep industry.
Clearly, at some price level, sheep inventories would
increase for a sufficient duration to make a real difference
in the industry. But, as demonstrated by the low elasticities
between revenue and ewe inventories, the price at which
that would occur would be greater than could realistically
be expected, which would not be sustainable. Domestic
production cannot meet the current demand for lamb. In
spite of econometric studies to the contrary (Williams et al.
2010), there is little evidence that promotion has helped
reverse the downward trend in sheep numbers. Thus,
increased demand would marginally benefit U.S. producers,
but rather, would be of greater benefit to Australian and
New Zealand producers. Finally, when slaughter lamb
prices are high, “over feeding” of lambs in the feedlot is
incentivized, resulting in a rapid devaluation of fat lambs.
This happened in 1988, 2001 (McKinnon, 2002) and 2012,
and it resulted in a negative perception by the producers,
which, as stated above, caused an overreaction.

Increasing Production Efficiency and Reducing Labor

Efficiency of sheep production has increased, albeit
more slowly than other livestock species (Parker and Pope,
1983). Sheep producers have been rather slow adopters of
new technologies, and if sheep numbers continue to decline,
availability of new technologies to further improve
efficiency of sheep production will be reduced. Purcell
(1998) concluded that it will be very difficult to solve the
viability problems of the sheep industry based solely on
increases in production efficiency. This is particularly true
now that half of the lamb consumed in the U.S. is imported
and domestic producers would most certainly loose a price
war.

Sheep have many biological advantages compared with
beef cattle relative to converting forages to high quality
protein because of the greater relative growth rate of lambs



and greater prolificacy of ewes (Walker, 1994). Sheep can
better utilize steep rangelands with low forage production
than cattle. But, sheep have a major cultural disadvantage.
Sheep production requires more labor per animal unit than
cattle enterprises (Stillman et al., 1990; Woodford, 2010).
The additional labor required for sheep production is often
cited as an obstacle to expansion of the industry in terms of
hired labor and shearers. The reality is that this additional
labor requirement has an equal or greater toll on sheep
enterprise operators and their families. For example, as
older operators seek to reduce their work load or the
business passes to the next generation, whose cultural
expectations include greater leisure time, sheep are often
the first enterprise to be abandoned. This problem is
exacerbated because of the highly concentrated nature of
the sheep industry, where 1.5% of the operations account
for 48% of the national flock (Williams et al. 2008). It is
these large operations where labor from both the operator
and hired labor is most crucial for a successful business.
This is why | argue that labor is the resource most limiting
to resurgence in the sheep industry. However, | contend that
the amount of work required to successfully operate a large
range sheep operation is no longer normative in this
country. Further, only the families with a strong sheep
culture and great equity will be able to maintain these
operations in succeeding generations.

Agriculture, as it is practiced in developed countries,
relies on large inputs of fossil fuels. A comparison of corn
inputs and yields between mechanized and labor-intensive
production systems demonstrates this point (Pimentel,
2009). Mechanized corn production requires 11 h of labor
and 8,228 Mcal of fossil energy inputs to yield 9,400 kg/ha
(150 bu/acre) of corn. Labor intensive corn production
requires 634 h of labor and 4,082 Mcal of fossil energy
inputs to yield 1,721 kg/ha (27 bu/acre) of corn. The fossil
energy in the mechanized system is more efficiently used in
producing 4 Mcal in crop output for each 1 Mcal of fossil
fuel input compared with a ratio of 1:1.5, respectively, for
the labor intensive system. This comparison illustrates 2
important points relative to modern agriculture and societal
norms. Agriculture has progressed through intensification
and the substitution of fossil energy for human labor, and
both trends appear to be universal for all types of
production. Because sheep production, and particularly
range sheep production, has fewer opportunities to intensify
or substitute fossil energy for labor, it will be at a
competitive disadvantage to food production systems that
can intensify, at least as long as fossil energy is relatively
abundant. However, should fossil fuels and/or feed grains
become limiting, sheep production could become very
competitive as a source of high-quality animal protein. In
that situation, lamb would have a clear advantage over beef
because acceptable lamb can be produced on forages and
requires only about 25% as much fossil energy to produce
as feedlot finished beef (Cook, 1976).

The current situation of high grain and fuel prices is
not new. In the mid 1970’s, following the 1973 oil embargo
and concomitant high grain prices, there was much interest
and research on forage finishing beef. The concern was
that food production would not match population growth
and that feeding grain to livestock would have to end. Of
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course those concerns passed, at least until recently, and
world population has increased from 4 billion in the mid
1970’s to its current 7 billion. However, the norm, until the
Green Revolution in the 1950’s, was that feed grains were
too scarce to support livestock feeding on today’s scale. It
is impossible to say if the current situation will last, because
as Nobel physicists Niels Bohr famously said: “Prediction
is very difficult, especially if it's about the future.”

Future of the Sheep Industry

One trend that does not require prediction, because the
demographics are already in place and are projected to have
a large impact, is the collapsing birthrate in the developed
world (Drucker, 1999). In all developed countries, the
strategy of all agricultural institutions will have to be based
on a different assumption of a shrinking population, and
especially of a shrinking young population. This
development could turn the U.S. industry around,
particularly if a concomitant decline in availability of feed
grains occurs. One of the implications of an aging
population is that people will have to continue to work to
older ages. Most of them will not have worked in physically
demanding occupations and will be able and perhaps prefer
occupations that require a moderate level of physical
activity. Also, because wealth tends to be concentrated in
the older generation it is likely that many of the baby
boomers will have equity in small rural properties. Is
anyone starting to see a match here?

The Black Swan

Nassim Taleb (2010) defines black swan events as an
event that is a surprise (to the observer), has a major effect,
and after the fact is often inappropriately rationalized with
the benefit of hindsight. Examples of black swan events
include the rise of the Internet, the personal computer, and
the September-11 attacks. The black swan that could have a
major impact on sheep numbers would be an agricultural
policy that emphasizes agricultural and environmental
sustainability over production and the regulation of
externalities (i.e., a consequence of an economic activity
that is experienced by unrelated third parties). For example,
consider air pollution and regulation of waste discharge
from manufactures. Unless regulated manufacturers can
discharge waste into the atmosphere with no cost to either
the manufacturer or the direct consumer of the goods
produced, all users of the air must ultimately pay the cost
(e.g., such as increased health care cost). Externalities can
be regulated by either fiat or by trade (e.g., carbon credits).
Sustainability and negative externalities are 2 sides of the
same coin. Sustainable agriculture systems do not produce
negative externalities and, in fact, often produce positive
externalities (i.e., ecosystem services).

The first notable effort by the American Sheep Industry
Association to promote environmental benefits of sheep
grazing occurred in 1994 with the publication of a special
issue of the Sheep Research Journal: “The Role of Sheep
Grazing in Natural Resource Management”. This was
followed by publication of: “Targeted Grazing - a natural
approach to vegetation management and landscape



enhancement”  (Launchbaugh and Walker, 2006).
Unfortunately, this effort has not been widely embraced as
a method to increase sheep inventories, perhaps because it
is more labor intensive than raising sheep strictly for
commodity purposes. Currently, only about 6 percent of
sheep producers are paid to provide the environmental
benefit of weed control (ASI, 2010). If the ecological
benefit of sheep grazing was appreciated and the economic
benefit compensated, it could be the black swan that
enables the phoenix to rise again.

Implications

The biggest problem of the sheep industry is declining
inventory. This is not just a U.S. problem, but it is
happening in all developed countries (Williams, 2008;
Woodford, 2010). If this continues to happen, infrastructure
required to support the industry will shrink and the problem
of concentration of packers and buyers will intensify. Large
operations must be sustained; this is where the sheep are
currently concentrated. However, growth will be in smaller
operations. A trend has already begun. The growth will be
with unique breeds rather than traditional dual purpose
breeds. The industry should make a concerted effort to
recruit retiring small-acreage-owning baby boomers to the
sheep industry. Sheep production could be a reasonable fit
for that segment of the population. Furthermore, sheep
production matches the concept of niche markets as a
growth area for the industry; this is especially true in using
sheep for ecosystem restoration and improvement.
Additionally, sheep production provides locally grown
food, which coincides with the ideals of many baby
boomers. | suggest that promotion dollars could be better
spent on advertising the virtues of sheep production in
forums such as the AARP magazine rather than the culinary
delights of lamb in food magazines. Make no mistake, the
only metric that matters relative to the sheep industry is the
effect of new programs and technologies on the size of the
U.S. sheep flock. As Rodney and Sharon Kott head off to
retirement, maybe they should be the “poster people” for
this new segment for expansion in the sheep industry.

This solution may seem rather weak in comparison to
the problems faced by the industry, but I believe that it is at
least in the right direction. “The mere formulation of a
problem is far more essential than its solution, which may
be merely a matter of mathematical or experimental skills.
To raise new questions, new possibilities, to regard old
problems from a new angle, requires creative imagination
and marks real advances in science.”--Albert Einstein. |
hope that | have accomplished this.

Literature Cited

ASI. 2010. Compendium of Research Results & Analysis
by Producer Region and Flock Size. American Sheep
Industry Association. Denver CoO.
(http://www.sheepusa.org/user_files/file 720.pdf
accessed Feb. 21, 2013)

CAST. 1982. The U.S. sheep and goat industry: products,
opportunities and limitations. Task Force Report No.

44

94. Council for Agricultural Science and Technology,
Ames, lowa. 41p.

Cook, C.W. 1976. Cultural energy expended in range meat
and fiber production. J. Range Manage. 29:268-271.
Drucker, P. F. 1999. Management challenges for the 21st

Century (p. 44). HarperCollins. Kindle Edition.

Gee, C. K., R. Magleby, D. Nielsen, and D. Stevens. 1977.
Factors in the decline of the western sheep industry.
USDA-ERS, Agricultural Economics Report 377.
Washington, DC.

Jones, K.G. 2004. Trend in the U.S. Sheep industry. AIB
787.  Economic  Research  Service, USDA.
(http://usda.mannlib.cornell.edu/usda/ers/sheeptrends/a
ib787.pdf accessed Feb. 21, 2013)

Jones, R., and T.C. Schroeder. 1998. Production responses
to economic and other signals. Sheep and Goat Res. J.
14:43-52.

Launchbaugh, K., and J. Walker (eds). 2006. Targeted
Grazing - a natural approach to vegetation management
and landscape enhancement. American Sheep Industry
Association. Centennial, CO.

McKinnon B. R., 2002. Understanding the lamb market —
the National perspective. Sheep Extension: Shepherd's
Symp. Proc. Virginia Tech. Blacksburg. VA.
(http://www.apsc.vt.edu/extension/sheep/programs/she
pherds-symposium/2002/05_lamb_market.pdf accessed
Feb. 21, 2013)

Parker, L.F., and A. Pope. 1983. The U.S. sheep industry:
Changes and challenges. J. Anim. Sci. 2:75-79.

Pimentel, D. 2009. Energy Inputs in Food Crop Production
in Developing and Developed Nations. Energies. 2:1-
24.

Purcell, W.D. 1998. Problems, needs, opportunities and a
prescription for the future. Sheep and Goat Res. J.
14:106-120.

Seligman, M. E. P., and S.F. Maier. 1967. Failure to escape
traumatic shock. Journal of Experimental Psychology.
74:1-9

Stillman, R., T. Crawford, and L. Aldrich. 1990. The U.S.
Sheep Industry. AGES 9048. USDA-Economic
Research Service. Washington DC.

Taleb, N.N. 2010. The Black Swan: the impact of the
highly improbable (2™ Ed.). Random House, Inc. New
York, NY.

Walker, J.W. 1994. Multispecies grazing: The ecological
advantage. Sheep Res. J. Special Issue. 52-64.

Williams, G.W., D. Bailey, O. Capps Jr., L.A. Detwiler,
H.S. Glimp, and T. Hammonds. 2008. Changes in the
sheep industry in the United States: Making the
transition from tradition. Washington, DC: The
National Academies Press.

Williams, G.W., O. Capps, Jr., and T. Dang. 2010. Does
lamb promotion work? Agribusiness. 26:536-556.

Whipple, G.D., and D.J. Menkhaus. 1989. Supply Response
in the U.S. Sheep Industry. American Journal of
Agricultural Economics. 71:126- 135.

Woodford, K. 2010. Why have all the sheep gone? [Web
Log Post] http://keithwoodford.wordpress.com/2010/
02/22/why-have-all-the-sheep-gone/ accessed Feb. 21,
2013




$/AU

140 320
Il’.~\\
120 & 7
]
? - 100
7
4
100 - j
%
Z
7
7
80 - % L 80
7
7
2
o
60 -| %
! %
N 7B b7 - 60
AN 2
J 11 z
7B 78 7 7
7B 78 7 7
: AN ¥
% /8 78 7 W
20 - W ? z 2 Z -40
7 7B 78 7 B 7
7 W W /8 7
7 7B 78 7 /N 7
7 7B 78 7 7B 7
o I 74 /A 7 A 7
1972 1973 1 5 1986 1987
; - 20
%
=20 4
-40 9

Inventory change relative to 1972 (%)

I Sheep
Cattle

Stock sheep

— = —Beef cows

Figure 1. Comparative returns (bars) and inventory changes (lines) for sheep and beef cow
enterprises. Returns are cash receipts less cash expenses (Stillman et al. 1990). Inventory changes
for stock sheep and beef cows are shown relative to 1972 inventory where 1972 inventory = 100.

Per capita boneless consumption (kg)

100

90

80

70

60

50
SRR
Sttt Sty
o tn il 0252
ELELELE s 8PP0,
492029299, s

40
30 -
20 -

10

5, o
R RN

R A0

e

™
2]
N

TTTT T

TTTETT T

PITPLL LS LIPS

Figure 2. Boneless per capita consumption of different animal protein sources.

45






YOUNG SCHOLAR RECOGNITION






Proceedings, Western Section, American Society of Animal Science

Vol. 64, 2013

EFFECTS OF ON-ARRIVAL, DELAYED VACCINATION AND SUPPLEMENTAL LYSINE ON
PERFORMANCE, ANTIBODY TITER, TEMPERATURE AND METABOLIC PROFILES IN RESPONSE TO
MODIFIED-LIVE VIRAL RESPIRATORY VACCINATION

K. P. Sharon!, G. C. Duff?, J. W. Dailey*, J. A. Carroll*, J. K. Hilmer?, B. Bothner?, J. A. Paterson, and E.
A. Marceau®
'Department of Animal and Range Sciences, Montana State University, Bozeman, MT 59717;
Department of Chemistry and Biochemistry, Montana State University, Bozeman, MT 59717;

and

3USDA Livestock Issues Unit, Lubbock, TX 79403

ABSTRACT: The objective of this work was to evaluate
effects of timing as well as supplemental lysine associated
with the administration of a modified-live respiratory viral
vaccine (IBR, BVDV, PI3, BRSV) on performance, feed
intake, antibody titer response, and febrile response. In
experiment 1 thirty-36 (Angus and Angus crosses; initial
BW = 265 + 20 kg) were randomly assigned to treatments
(3 pens/treatment with 4 heifers/pen), which included no
vaccine (CON), vaccination on d 0 (DO), and a delayed
vaccination on d 14 (D14) of the receiving period. Heifers
were fed in 6 x 12 m pens equipped with GrowSafe feeding
systems. Daily feed intakes were recorded and BW
measured weekly. Temperature data loggers were attached
to a blank controlled intrauterine drug release devices
(CIDR; contained no active compound) that recorded
vaginal temperatures every 5 min for the experiment;
vaginal temperatures were then averaged for every h before
data analysis. All data were analyzed using pen as the
experimental unit. No differences (P > 0.10) among
treatments were observed for initial BW, final BW, ADG
for d 0 to end, or overall G:F. A treatment x d interaction
(P < 0.05) was observed for feed intake. Daily intake was
decreased for D14 versus DO on d 14 (P < 0.01) and 15 (P <
0.10) and decreased (P < 0.05) on d 15 for the average of
vaccinated calves versus CON. Eating rate (grams
consumed/eating duration) was decreased (P < 0.05) on d
14 for D14 versus DO. No differences (P > 0.10) among
treatments were noted in the number of eating events/d. A
treatment x d interaction (P < 0.01) was observed for
vaginal temperature. Vaginal temperature was increased (P
< 0.10) on d 1 for DO versus D14 heifers and increased for
D14 versus DO on d 14 (P < 0.01), 15 (P < 0.05) and 16 (P
< 0.05). In the second experiment, 64 neonatal Holstein
bull calves (7 = 2 d of age; BW = 37 + 4.2 kg) were used in
a completely randomized design to evaluate the effects of

“Mention of a trade name, proprietary product, or specified
equipment does not constitute a guarantee or warranty by
the USDA and does not imply approval to the exclusion of
other products that may be suitable. USDA is an equal
opportunity provider and employer.
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supplemental lysine. Calves were fed milk replacer
supplemented  with either 17 g/ L-lysine
monohydrochloride (LYS; 28 calves) or an equivalent
amount of casein (CAS; 28 calves) for 42 d. Calves were
then vaccinated with either an IN IBR-parainfluenza virus-3
(PI13; Nasalgen, Merck, Summit, NJ) or an IM (IBR-PI3-
bovine viral diarrhea type | and Il, bovine respiratory
syncytial virus; Express 5, AgriLabs, St. Joseph, MO)
modified-live vaccine on d 36. A control group (8 calves)
received no supplement or vaccination. All calves were
housed in individual calf pens (1.2 x 2.1 m). Daily feed
intakes were monitored and BW measured weekly. Calves
were bled on d 0, 35, 36, 37 and 42. Temperature data
loggers were attached to rectal probes and temperatures
were recorded every 5 min from d 28 to d 42. All data was
analyzed using the Proc Mixed procedures of SAS (SAS
Institute Inc., Cary, NC) with calf as the experimental unit.
No significant differences were observed for average
performance, rectal temperature, or IBR antibody titers with
either IN or IM vaccinations (P > 0.10). However, serum
urea nitrogen and the ratio of serum lysine:arginine
increased (P < 0.05) for LYS compared to CAS calves.
These results suggest that time of administration of a
modified-live respiratory viral vaccine can alter feed intake
and vaginal temperature in feeder heifers; but no difference
in overall performance was observed. Further, these results
suggest that supplementing lysine does not alter the
response to IBR vaccination or animal performance in
neonatal Holstein calves.

Introduction

Bovine respiratory disease (BRD) continues to be
the most important health factor in feedlot cattle in North
America, accounting for the majority of morbidity and
mortality in feedlot cattle (Woolums et al., 2005). Both
viral and bacterial pathogens contribute to BRD, therefore
both antibiotics and vaccination protocols are used to
combat this widespread problem. Although many treatment
techniques are available, BRD is still the most prominent
health problem in the cattle industry. Economic effects of
BRD include decreased ADG, death loss, treatment costs
and reduced carcass quality (Smith, 2004; Schneider et al.,



2009; Taylor et al.,, 2010). Calves treated for BRD
commonly have lower ADG compared with healthy
animals (Fulton et al., 2002; Snowder et al., 2006;
Schneider et al., 2009) and infected calves have been
reported to return $54.01 less than non-infected calves
(Schneider et al., 2009).

Vaccination is a common practice aimed at
prevention; although, procedures do not always guarantee
prevention. Vaccines are given to promote antibody titers,
which should encourage protection of the host against viral
and/or microbial pathogens. Vaccination intended for
pathogens contributing to BRD are widely available, yet
overall immunity acquired after vaccination against
respiratory disease pathogens is variable; with Hodgins et
al. (2002) reporting only 75% of vaccinated animals are
protected from BRD. Further, vaccination in time of stress
may reduce immunity gained from vaccination (Kehrli et
al., 1999). Vaccine processing strategies differ including
vaccine type (intranasal or intramuscular) and timing
(arrival or delayed), which have also yielded conflicting
results in terms of effectiveness (Hansen et al., 1992; Duff
et al., 2000).

Common practices include vaccinating feedlot
cattle within 48 h of arrival, or a delayed vaccination,
administered 2 to 3 weeks after arrival. Most veterinarians
and animal health professionals support vaccinating cattle
against BRD on arrival, while some argue that vaccination
should be delayed to allow animals to recover from the
stresses of shipping. In groups of cattle where morbidity is
high, on-arrival vaccination protocol is common (Hansen et
al., 1992). However, several studies observed no difference
in morbidity when vaccinating receiving cattle on arrival
(Bateman, 1998; Duff et al., 2000; Richeson et al., 2008;
Richeson et al., 2009) and Martin et al. (1982) reported
increased mortality risk when cattle were vaccinated with a
respiratory vaccine within the first 14 d of arrival. Increased
performance may be an advantage of vaccination.
Kreikemeier et al. (1996) reported calves that were
vaccinated before weaning and revaccinated on arrival to
the feedlot had a greater BW gain than calves receiving a
vaccination upon arrival and revaccinating after 21 d at the
feedlot. However, timing of vaccination has also shown
neutral outcomes concerning performance. Delayed versus
on arrival vaccination has been shown to have no effect on
animal performance by several groups (Lofgreen et al.,
1983; Duff et al., 2000; Richeson et al., 2009). Further,
Chirase et al. (2001) observed that calves receiving a saline
subcutaneous injection had greater ADG than calves
injected subcutaneously with a 7-way clostridial vaccine.
Spurlock (1997) reported that repeated vaccination, or
repeated immune stimulation, can have a negative effect on
growth of an animal. Vaccination timing and its effects on
performance may be attributed to overall health state of
incoming animals, type of vaccination, and stress animals
are subjected to.

Route of vaccine administration may also affect
performance in receiving cattle. Respiratory vaccines
administered  intranasaly (IN) have demonstrated
advantages in ADG (Duff et al., 2000). Again, method of
vaccination may depend on health state of calves and
timing of vaccination. Intranasal vaccines may be beneficial
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when vaccinating on-arrival because of immediate
protection (within 24 hours; Kucera and Beckenhauer,
1978). Kucera and Beckehhauer (1978) reported IN
temperature-sensitive IBR vaccine to deliver protection
within 24 h. An IM IBR vaccination is also capable of
providing protection against a virulent virus within 48 h
(Sutton, 1980).

Because of such conflicting results further research
is needed in this area. Vaccine type and timing may be
especially important in newly received cattle in the feedlot,
which are at greatest risk for respiratory disease due to the
combination of stress, commingling and pathogen presence.
The majority of morbidity during the feeding period occurs
within the first three weeks after arrival and 15% to 45% of
incoming calves require treatment (Kelly and Janzen,
1986). Cattle may be exposed to pathogens after arriving to
a feedlot. For this reason, on arrival vaccination and the
rapid onset of immunity may be beneficial (Todd et al.,
1971; Sutton, 1980). Although preventative measures are
available, morbidity rates due to BRD have continued to
increase (Loneragan et al., 2001). Though a pathogenic
disease, BRD is aggravated by many external factors.
Shipping and processing can increase the risk factors for
BRD both immunologically and environmentally.
Immunological competence can be compromised due to
stress from commingling, nutritional change, shipping
distance and weather (Cernicchiaro et al.,, 2012). A
combination of stress and immune challenges may result in
morbidity and poor performance (Smith, 2004). Effects of
stress due to shipping, environment, and commingling can
persist up to 15 d after arrival and continue to negatively
impact the immune system and decrease vaccine efficacy
(Loerch and Fluharty, 1999; Purdy et. al. 2000). It can be
considered that vaccination type and timing can have
effects on both morbidity and performance, although
reports have been inconsistent as to a superior routine. A
lack of consistency of vaccine efficacy and performance
may be affected by health state of calves, commingling,
susceptibility to pathogens due to stress, and to the dynamic
complex of BRD.

Because of external stress contributing to BRD,
attention is brought to bovine herpes virus-1 (BHV-1),
which is a major contributor to BRD (Yates, 1982). Bovine
herpesvirus-1 is unique in that ultimately all animals are
exposed and infected to BHV-1 early in life. Following
inoculation, animals may exhibit clinical signs or be
asymptomatic (Jones et al., 2000). Subsequently, the virus
will become latent within nerve cells (Nandi et al., 2009).
In stressed animals the virus may exit latency and replicate
to produce infectious virus (Pastoret et al., 1982). The
replicating virus can induce disease (IBR) and/or spread to
susceptible animals. Vaccines are readily available for
BHV-1, the goal being to maintain enough immunity to
avoid reactivated, clinical disease, although this is not
always the case, as sufficient immunity may not last
throughout life, and another infection. Further, vaccination
does not provide protection against latent infection (Jones et
al.,, 2000). Shortcomings in vaccination encourage
additional methods of prevention.

Herpes virus-1 requires arginine to replicate
(Griffith et al., 1981). Lysine is a natural inhibitor of



arginine (Maggs et al., 2000); as lysine levels increase,
arginine levels will decrease. Lysine as a combatant for
herpes replication in felines and humans has been
evaluated. In vitro studies of lysine have shown a
replication-inhibiting capability of the herpes virus (Maggs
et al., 2000). With previous research in other species,
lysine has potential to combat a herpes virus infection in
stressed cattle. Lysine supplementation may decrease
virulence of a herpes virus infection, and/or increase
efficacy of current vaccines. A decrease in IBR outbreaks
may reduce BRD severity and frequency.

In summary, bovine respiratory disease impacts
both herd health and performance, increasing economic
expense. Improved measures of processing and vaccination
protocol are important components in reducing BRD,
promoting cattle health and improving performance. Health
management, namely vaccination programs, is essential to
successful cattle production. The objective of this research
was to investigate vaccination protocol and a potential
technique to increase vaccine efficacy. To investigate this,
two experiments were conducted, the first focusing on
vaccination timing (an on-arrival verses a delayed
vaccination) of newly received cattle. The second
experiment focused on the effects of supplemental lysine on
a modified-live BHV-1 vaccination in calves. Both trials
focused on immune measures in response to a modified-live
viral vaccination in the form of antibody titer levels and
febrile response. Both trials reported performance data.
Additionally, in experiment 1 daily intake and eating
behavior was constantly monitored using a GrowSafe
system.

Materials and Methods

Procedures were reviewed and approved by the
Montana State University Agriculture Care and Use
Committee, 2012-AA01.

All materials and methods are described by Sharon
etal., 2012 and 2013.

Discussion

Cattle are exposed to antigenicity through all
stages of life, therefore sufficient, consistent immunity is
important in times of stress, such as shipping and
processing (Klasing and Barnes, 1988). Common feedlot
management practices involve vaccinating cattle for BRD
upon arrival with modified-live viral and bacterin-toxoid
vaccines. Our first experiment investigated effects of an on
arrival vaccination or delayed vaccination in receiving
cattle in terms of performance and immune response. The
first trial conducted used 36 heifers (initial BW = 265 + 20
kg) randomly assigned to three treatments including a
receiving an on-arrival (d 0; DO) vaccination, a delayed (d
14, D14) vaccination, or no vaccination (CON).

Although vaccination timing differed, no
differences were observed among treatments (DO, D14, and
CON) for initial BW, final BW, ADG, overall G:F or
number of trips to GrowSafe bunk. Eating behavior was
affected by vaccination, delaying vaccination altered
feeding behavior for approximately 3 d versus altered feed
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intake for 1 d when the vaccine was administered during the
start of the receiving period. Although no difference in
performance, a reduction in feed intake in the delayed
vaccination group suggests that vaccination may impact
DMI. Gandra and Scrimshaw (1961) explained even mild
immune taxation such as vaccination has been shown to
decrease normal feed intake.

In this experiment, antibody titers did not differ
among treatments (DO, D14, and CON) with the exception
of BHV-1, which was higher in vaccinated compared to
non-vaccinated cattle. Previous vaccination with a
modified-live respiratory vaccination and health state of
candidate animals was likely to have influenced titer levels
and accounted for lack of difference. Bovine herpesvirus-1
titer distinction may have been exemplified due to lack of
previous developed immunity. Efficacy of BHV-1 of the
modified live vaccine may have been superior within this
group of cattle.

Febrile response proved to be affected by
vaccination timing, as a delayed vaccination induced an
increase in temperature for 3 d post vaccination, an on-
arrival vaccination induced a febrile response for 1 d post
vaccination. A link between febrile response and nutrition
could serve as an explanation for the increased febrile
response observed in the D14 compared to the DO heifers.
Further, D14 heifers may have been in a better nutritional
state and thus had the ability to generate an amplified
immune response in the form of fever. Nutritional status
can influence febrile response (Scrimshaw et al. 1991;
Scrimshaw and SanGiovanni, 1997). Energy and body
tissue lost due to an immune challenge may be restored
more rapidly if cattle are in a sound nutritional state. Fever
can induce amino acid mobilization from tissues such as
muscles, used in cellular immune function (Scrimshaw et
al., 1991). Fatty acids may also be utilized during a fever
(Long et al., 1977). Basal metabolic rate can increase up to
30% during a febrile response (Cooper et al., 2000).
Further, Scrimshaw and SanGiovanni (1997) reported
malnourishment results in a reduced ability to produce
central immune factors. Dietary energy may play an
important role in reducing the incidence and severity of
respiratory disease in receiving cattle. As a result,
nutritional state of cattle may be important for recovery as
well as future performance.

This study addressed an important health area in
the cattle industry, receiving cattle. Because this group of
cattle is at such high risk for developing BRD, this research
as well as future research is important for improving
processing practices and encouraging herd health.

Immunity in cattle prior to the receiving period
may be important in reducing BRD vulnerability.
Alternative measures for reducing BRD is an area of
growing interest due to issues such as lack of vaccine
efficacy and concerns of bacterial resistance. Our second
experiment investigated combating IBR by supplementing
lysine, potentially improving vaccine efficacy. In
experiment 2, 64 neonatal Holstein calves allocated to three
treatments  including  supplemental  lysine  (LYYS)
supplemental casein (CAS) or neither supplement (CON).
Two groups of calves received an intramuscular (IM)
modified-live IBR vaccination and two groups received an



intranasal (IN) modified-live IBR vaccination. Febrile
response and antibody titer values were used to measure
immune response. No differences were observed for initial
BW, final BW, ADG, DMI or overall G:F across treatments
(LYS, CAS, and CON). These results are similar to Aubry
et al. (2001) reporting no difference in daily gain among
vaccinated and non-vaccinated Holstein calves. No
differences were observed among treatments (LYS, CAS,
and CON) in vaccinated calves for IN or IM, for rectal
temperature. Similarly, no difference in IBR antibody titer
levels was observed. In young cattle, maternal antibodies
may play a significant role in vaccination efficacy in young
animals (McGuire et al., 1976; Lamiare et al., 2000). These
maternal antibodies can persist in calves for up to 230 d
after birth (McGuire et al., 1976). Menanteau-Horta et al.
(1985) found calves with maternal antibodies still present
had reduced active immunity formation from an
intramuscular IBR modified-live viral vaccination. Lack of
febrile response as well as antibody titer response may have
been a result of present maternal antibodies. These factors
and results from this study make timing of vaccination in
young calves is an important consideration for developing
immunity.

Although no performance or immunity differences
among treatments, serum urea nitrogen and lysine:arginine
ratio was greater for LYS compared to CAS calves. These
results suggest that supplemental lysine may manipulate
nitrogen metabolism in neonatal calves.

While immune measures were not affected, lysine
may contribute nutritionally. Nutritional status is important
for all bodily functions including immunity (Chandra, 1997;
Lochmiller and Deerenberg, 2000). Cattle exposed to stress
and/or pathogens require adequate nutrition to maintain
health (Cole, 1996). This topic is specifically relevant in
receiving cattle, which may be greatly affected by nutrition,
as they will be exposed to stress and pathogens as well as
likely reductions in nutritional consumption after arrival.
Receiving cattle may have lower DMI due to factors such
as herd hierarchy and stress, resulting in a depressed
nutritional state (Gibb et al., 2000). Sick cattle often have
reduced feed intake, accentuating reduced nutritional status
(Lofgreen et al., 1983). Cattle with poor nutritional reserves
may be unable to withstand a pathogenic infection, leading
to BRD. Further, additional dietary energy has shown
evidence of improved immune cell function (Stabel et al.,
2003).

These trials as well as previous research
demonstrate vaccination timing as well as nutritional status
may be influential to cattle health, both early in life and
during the feedlot-receiving period. This information may
be used the timing and type of vaccinations used in
previously vaccinated, healthy receiving cattle or young
calves.

Implications and Future Research

Vaccinating cattle with a modified live respiratory
vaccine will increase body temperature and alter feed intake
for a short duration; thus, managers can use these data when
determining which vaccination protocols to utilize on
various groups of receiving cattle. It’s important to note
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that the short durations of febrile response and decreased
feed intake observed in the current study didn’t result in
overall losses in ADG or gain efficiency. Further, these
results suggest that supplemental lysine will not alter febrile
response or IBR antibody titer levels after a modified-live
respiratory vaccine but will alter SUN and serum
lysine:arginine ratios in neonatal calves.

Future research to elaborate these findings would
include investigation of lysine supplementation and its
relationship to a bovine herpesvirus-1 challenge. Lysine
levels may affect a live virus more so than a modified-live
vaccination. Lysine may still have the potential to reduce
severity of a BHV-1 infection. A viral challenge may
elucidate effects of lysine immunologically. Investigation
of intramuscular or intransal boosters may be helpful in
understanding response in young calves. Also, monitoring
immune measures throughout life would be significant in
understanding immune response to vaccinations. A better
understanding of cattle immunity through life may
influence current vaccination protocols and increase
efficacy. Specifically, monitoring cattle vaccinated on-
arrival or after a delayed period through slaughter may
elucidate any differences in performance, health or carcass
characteristics. This research created a foundation for
further investigation of vaccine protocols and alternative
techniques for improved vaccine efficacy.
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ABSTRACT: Two experiments were conducted to
evaluate lipid extracted algae (LEA), the co-product
generated by extracting oil from microalgae grown for
biofuel production on feed intake and nutrient digestibility.
Experiment 1 compared LEA to soybean meal (SBM) in a
forage diet. Fifteen lambs (43 + 1.4 kg BW) fitted with
ruminal cannulas were used in a completely randomized
design (CRD). Experimental diets included: 1) sorghum-
sudan hay (CP 8.27%; NDF 51.66%, DM basis; HAY), 2)
sorghum-sudan hay plus LEA (CP 14.06%; NDF 43.37%,
DM basis; ALGAE), and 3) sorghum-sudan hay plus SBM
(CP 10.20%; NDF 50.05%, DM basis; SOY). Total tract
CP digestibility was lowest (P < 0.01) for ALGAE while
SOY and HAY did not differ. Inclusion of SBM increased
(P < 0.01) ruminal ammonia by 57.4% and 56.0%
compared with ALGAE and HAY, respectively. Ruminal
acetate was greatest (P = 0.04) for HAY, lowest for SOY,
and ALGAE did not differ from HAY and SOY. Ruminal
propionate was greatest (P = 0.04) for ALGAE, which
differed from HAY, while SOY was similar to ALGAE and
HAY. Acetate:Propionate ratio was lowest (P = 0.03) for
ALGAE. Adding LEA to a forage-based diet resulted in
increased propionate production, while OM and NDF
digestibility were comparable to SOY. However, the
inclusion of LEA in a forage diet resulted in the lowest
ruminal ammonia and total tract CP digestibility indicating
that LEA is less degradable than SBM therefore hypothesis
is invalid. Experiment 2 hypothesized that an
isonitrogenous addition of LEA in a high-concentrate diet
would yield results similar to that of dried distillers grains
with solubles (DDGS). Fifteen lambs (46 + 7.1 kg BW)
fitted with ruminal and duodenal cannulas were used in a
CRD. Treatments were: 1) Lipid Extracted Algae (CP
16.3%; NDF 23.4%, DM basis; n = 8; ALGAE) or 2)
DDGS (CP 15.7%; NDF 22.3%, DM basis; n = 7; DGS)
added to a concentrate-based diet. Ruminal and total tract
OM digestibility were lower for ALGAE compared to
DGS. Ruminal N digestibility was unaffected by treatment
(P >0.10), however N digestion in the total tract was lower
(P < 0.01) for ALGAE than DGS. Total tract NDF
digestibility was greater (P = 0.05) for DGS than ALGAE.
Microbial efficiency tended (P = 0.09) to increase for LEA
compared to DGS. Ruminal pH, NH;, and VFA
concentrations did not differ by treatment (P > 0.34). These
data imply that CP in LEA may be of similar ruminal
solubility to CP in DDGS but lower than SBM.

Key Words: Biofuels, Sheep, Digestibility
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Introduction

Biofuels are currently classified into one of two
generations. First generation biofuels originate from food
crops, while second generation biofuels are derived from
non-food sources such as cellulosic biomass, microalgae,
and agricultural wastes (Patil et al., 2008). Advanced
biofuels are derived from renewable biomass including
cellulosic ethanol and microalgae, that create no more than
half of the greenhouse gas emissions of the fuel they
replace (Cortes-Caminero, 2010).

Microalgae are photosynthetic cell factories that
convert sunlight and carbon dioxide to biomass which
includes lipids, proteins and carbohydrates (Chisti, 2007).
According to DOE (2010), microalgae has advantages as a
biofuel feedstock including: 1) high biomass yield per unit
cultivation; 2) minimal competition for land used in
traditional agriculture; 3) cultivation uses various water
sources such as waste, saline, and produced water; 4)
cultivation can utilize CO, emissions; and 5) biomass from
algae produces both fuel and valuable co-products.

Producing fuels from algal cells begins with
extraction methods, where the lipid is separated from the
algal cell. The lipid is the refined to produce transportation
and aviation biofuels. The remaining portion termed lipid
extracted algae (LEA) and is made up of carbohydrates,
protein, and un-extracted lipids. Our laboratory nutrient
analysis of LEA, from Nannochloropsis sp., reveals that
LEA ranges in crude protein from 17 to 35% (unpublished
data).

Two experiments were designed to evaluate the
intake and digestibility of LEA when included in sheep
diets. In Experiment 1, we hypothesized that an
isonitrogenous addition of LEA to a forage diet would yield
similar feed intake and diet digestibility when compared to
soybean meal (SBM). Experiment 2 tested the hypothesis
that an isonitrogenous addition of LEA to a high
concentrate diet would yield similar feed intake and diet
digestibility when compared to dried distillers grains with
solubles (DDGS).

Materials and Methods

All procedures were approved by the New Mexico
State University Institutional Animal Care and Use
Committee. Fifteen crossbred wether lambs (43 + 1.4 kg
BW) were fitted with a J-style duodenal and ruminal
cannula. Lambs were individually housed in a temperature
controlled room within 1.2 m x 2.3 m pens with concrete



floors. Pens were bedded with wood shavings. Lambs were
randomly assigned to pen and treatments were randomly
assigned to individual pens.

Diets. Nannochloropsis sp. LEA used in these
studies was purchased as a solvent extracted, dried, granular
ingredient (CP 25.9%; NDF 24.7%; EE 15.3%; Ash 9.1%,
DM basis). Animals were allowed ad libitum access to
water and treatments were delivered twice daily,
approximately 12 h apart, at 110% of previous 3 d DMI.

In Experiment 1, lambs were assigned to 1 of 3
dietary treatments in a completely randomized design.
Experimental diets included: 1) sorghum-sudan hay (CP
8.27%; NDF 51.66%, DM basis; HAY), 2) HAY plus LEA
(CP 14.06%; NDF 43.37%, DM basis; ALGAE), and 3)
HAY plus SBM (CP 10.20%; NDF 50.05%, DM basis;
SOY).

In Experiment 2, lambs were assigned to 1 of 2
dietary treatments in a completely randomized design.
Treatments were: 1) Lipid Extracted Algae (CP 16.3%;
NDF 23.4%, DM basis; n = 8; ALGAE) or 2) DDGS (CP
15.7%; NDF 22.3%, DM basis; n = 7, DGS) added to a
concentrate-based diet.

Sampling and Laboratory Analysis. The
experimental period for each study was 15-d, with 10-d
allotted for diet adaptation and 5-d of intensive sampling.
Feed, orts, duodenal (Experiment 2 only) and fecal samples
were collected for analysis. Ruminal fluid samples were
collected for VFA, passage rate determination, ruminal pH,
and NH; analysis. Laboratory analyses were performed as
described in Beckman et al. (2013).

Calculations and Statistical Analysis.
Digestibility and nutrient flow was calculated as described
in Scholljegerdes et al. (2004). All data were analyzed as a
completely random design using the MIXED procedure of
SAS (version 9.2; SAS Inst. Inc., Cary, NC) with repeated
measures for ruminal VFA and NH;. Animal was the
experimental unit and treatment was the random variable.
The model included treatment, day, and treatment X day
interactions. Using Akaike’s information criterion,
compound symmetry was the covariance structure. Means
were calculated using LSMEANS. Treatment effects were
considered significant at a P < 0.05 and as a tendency if P >
0.05 and < 0.10. When F-tests were significant, mean
separations were performed using a pair-wise comparison
(PDIFF). There were no treatment x day interactions (P >
0.24), therefore main effects are presented.

Results and Discussion

Experiment 1. Data from Experiment 1 are
presented in Table 1. The addition of LEA or SBM to a
forage diet did not affect OM, CP or NDF (P > 0.12) intake.
Total tract digestibility of OM and NDF were not affected
(P > 0.12). These data differ from Guthrie and Wagner
(1988) who demonstrated that increasing levels of SBM (0,
121, 241, 362, 603 g/d) added to a forage diet increased
DMI in beef heifers. Bodine et al. (2000) evaluated the
effects of supplementing corn and SBM to beef steers
consuming prairie hay and reported that with increasing
level of SBM supplementation (0, 33, 66, 100% of DIP
requirement) there was an increase in total OM intake. One
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possible explanation is that the CP in the hay used by
Guthrie and Wagner (1988) was 5% CP and in Bodine et al.
(2000) was 6.1%. According to Mathis et al. (2000), when
the CP in forage is above 7% (with a range of 6-8%),
protein supplementation does not improve digestibility.

Total tract digestibility of CP was similar for HAY
and SOY treatments, while ALGAE reduced (P < 0.01) CP
digestibility by 7.8% and 11.2% compared to HAY and
SOY, respectively. These data suggest that CP in LEA, may
not be as digestible as CP in SBM or HAY. These
observations are further supported by ruminal NH; values
observed in this experiment. Specifically, ruminal NH; was
greatest (P < 0.01) for SOY, while ALGAE and HAY did
not differ (6.61 vs. 3.66 and 3.72 + 0.56 mM, respectively).
Soybean meal is 66% RDP (NRC, 2000), which is
considered a high source of soluble protein. A linear
increase in ruminal NH; was seen by Bodine et al. (2000),
when increasing levels of SBM were included with a diet of
prairie hay and supplemental corn. According to Satter and
Slyter (1974) ruminal NH; levels should range 1.2 to 2.9
mM to support ruminal bacterial growth. Ruminal NHj
levels observed in our study were well within this range,
therefore, N was not limiting in the rumen and likely was
not the reason for a reduction in total tract CP digestibility.

Ruminal fluid outflow rate for HAY was 66%
higher than for SOY and ALGAE (P = 0.05). It is not clear
as to why ruminal outflow differed to this extent, however,
one could speculate that because HAY had a greater
proportion of the diet as Sorghum-sudan hay (66.5% of
DM), salivary production was increased, which in turn
increased fluid entering the rumen and ultimately fluid
outflow (Jacques et al., 1989).

Ruminal pH did not differ by treatment (P = 0.96).
Total VFA and butyrate were similar across treatments (P >
0.14). Ruminal acetate was lowest (P = 0.04) for SOY,
while HAY and ALGAE were similar. Ruminal propionate
was greatest (P = 0.04) for ALGAE, however SOY was
similar to both ALGAE and HAY. This resulted in a
treatment difference (P = 0.03) for the acetate to propionate
ratio which was lowest for ALGAE versus HAY and SOY
was similar to both other treatments. Because VFA
represent the main supply of metabolizable energy for
ruminants (Van Soest, 1982), a reduction in total VFA
production would be energetically unfavorable for the
nutrition of the animal (Busquet et al., 2006). These data
indicate that the inclusion of LEA, while not increasing
total VFA production could cause a shift proportion of
individual VFA, particularly propionate. Similar results
have been seen when supplementing sources of RDP to
forage based diets, which was attributed to a greater level of
starch in the supplement fed (Hannah et al.,, 1991). This
may suggest that the LEA in the ALGAE treatment has a
higher fraction of soluble carbohydrate than originally
expected, and would account for the shift in individual
VFA.

Experiment2. Data from Experiment 2 are
presented in Table 2. The inclusion of LEA or DDGS in a
concentrate diet did not affect (P > 0.21) OM, CP or NDF
intake. Similar OM intake of ALGAE and DGS diets
implies that when included in a high-concentrate diet, LEA
may be of similar palatability to DDGS. The work of



Schauer et al. (2008) demonstrated that substituting DDGS
for SBM and barley in a total mixed ration, when fed to
lambs, increased feed intake with greater DDGS inclusion
level. Lambs in this trial as well as in a previous trial
comparing SBM to LEA in a forage diet (Beckman et al.,
2012) showed similar intakes to both SBM and DDGS,
suggesting that the palatability of LEA, when included in a
total mixed ration may be favorable. Results from the
current study show that lambs consuming 15% DDGS had
similar intake to lambs consuming 19% LEA, offering
potential starting values for further work investigating
optimal inclusion of LEA in a high-concentrate diet.

Ruminal and total tract digestibility of OM was
lower for ALGAE versus DGS (P = 0.05 and P < 0.01,
respectively). The lower tract digestibility of OM was
unaffected (P = 0.93) by treatment. There was no
difference in OM intake between treatments, which
according to Galyean and Owens (1991) can affect
digestibility along with passage rate. Differences in the OM
digestion for the rumen and total tract may be due to size of
particulate matter of the LEA included in the diet causing
increased passage rate as noted in Firkins et al. (1985).
Total tract digestibility of NDF was increased for DGS over
ALGAE (P = 0.05), suggesting a higher level of insoluble
fiber in LEA over DDGS.

Ruminal digestibility of CP showed no significant
effect of treatment (P = 0.11), however ALGAE had a
tendency for lower ruminal degradability compared to
DGS. Breakdown of CP in the total tract was lower (P <
0.01) for ALGAE than for DGS. These data may indicate
that the protein in LEA is similar to DDGS in rumen
degradability, but continues to be less available to the host
animal in the lower tract, specifically the small intestine.
Firkins et al. (1985) compared SBM, wet and dry corn
gluten feed and dried distillers grains in concentrate diets to
feedlot cattle. The steers consuming dried distillers grains
gained weight faster and in a more efficient manner than
did steers consuming the other treatments. Firkins attributed
this to the RUP levels of the dried distillers grain, which
allowed the small intestine an increased influx of amino
acids which escaped microbial fermentation. This
supporting data shows the value of the RUP in dried
distillers grains and may indicate similar value of RUP in
LEA. A tendency (P = 0.09) for ALGAE to increase
microbial efficiency over DGS was noted. Microbial
efficiency is the amount of microbial N that is produced per
kg OM that is truly fermented. The mechanism behind this
tendency is curious because there was a significant decrease
(P =0.05) in OM fermented in the rumen for the ALGAE
over DGS treatments, yet ALGAE maintain a higher
microbial efficiency. Leupp et al. (2009) saw an increase in
microbial efficiency with increasing level of DDGS fed to
steers in a high concentrate diet, but attributed this to a
decrease in the OM fermentation of the rumen with
increasing levels of DDGS. Additional work in this area is
needed to characterize this response.

Ruminal pH and ruminal NH; did not differ by
treatment (P > 0.82). Ruminal NHj; levels are an indication
of protein breakdown in the rumen, as protein is the most
abundant source of N in the ruminant diet (Wallace et al.,
1997). The NRC (2000) reports that the crude protein in
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distillers grains with solubles is 27% digestible intake
protein, suggesting that it is a good source of RUP. The
similarity of NHj; level for ALGAE and DGS suggests that
the novel protein LEA may be a good source of RUP.

Total VFA, acetate, propionate and butyrate, along
with the acetate:propionate did not differ by treatment (P >
0.34). Similar values for VFA production between ALGAE
and DGS treatments indicate that LEA and DDGS included
in a concentrate diet behave comparably in the production
of VFA. Leupp et al. (2009) documented that feeding
increasing levels of DDGS to steers consuming seventy
percent concentrate diets showed a linear reduction in total
VFA with increasing level of DDGS. Also reported in this
study was a decrease in molar proportion of acetate and
increase in molar proportion of propionate with increasing
DDGS level in the diet. Opportunities for further work
continue to point towards investigating the inclusion level
of LEA, much the same way Leupp et al. (2009) studied
here. The potential to increase propionate production and
decrease acetate production is of interest to ruminant
nutritionists, as propionate is a glucogenic precursor,
however, one must also consider that Leupp et al. (2009)
saw a decrease in total VFA production which Busquet et
al. (2006) warns is energetically unfavorable for the
nutrition of the animal.

Implications and Future Work

These results imply that the addition of lipid
extracted algae to a forage diet will increase propionate, an
important glucogenic precursor. Furthermore, similar
organic matter intake indicates that lipid extracted algae
may be as palatable as soybean meal and dried distillers
grains with solubles. Based on the results of Experiment 1
and 2 we believe that the inclusion of lipid extracted algae
in ruminants diets is feasible. However, there are some
issues upstream processes may influence and should be
addressed, such as the possibility of a higher proportion of
insoluble fiber in the algal biofuel co-product. Also, the
availability of protein in the small intestine will largely
affect the projected value of algal biofuel co-products.
Similar ~ ruminal  fermentation characteristics  are
encouraging and offer researchers an opportunity to delve
into more concentrated lipid extracted algae studies. These
studies would evaluate inclusion level on fermentation
characteristics, the possibility of shifting proportions of
individual VFA, and looking for changes in total VFA
production. These studies would evaluate inclusion level on
fermentation characteristics, the possibility of shifting
proportions of individual VFA, and looking for changes in
total VFA production.

When considering the future of LEA as a feed
ingredient in the livestock industry, there are many other
avenues for future research work. Current algal biofuel
industry practices do not allow for marketing of singular
uniform product that is created following a rigid set of
production guidelines. Rather, LEA is generated from
various species of microalgae, grown by differing
production practices, with lipids extracted in several
differing procedures. This is a driving force behind the need
for additional research. Currently, given the early stages of



development of this industry, limited amount of LEA is
available from the variety of cultivation and processing
practices. Usually there is enough material to perform
nutrient analysis. However, this does not allow the animal
scientist to make deductions about the site and extent of
digestion of LEA in the gastrointestinal tract, nor does it
provide an indication of palatability or animal performance.
In addition to protein, fiber and lipid analysis, complete
mineral, heavy metal and amino acid analysis is also
needed. Mineral and heavy metal analysis are necessary,
due to the variation in water sources and extraction
methodologies. If specific mineral or heavy metal levels in
LEA exceed the maximum tolerable level of a species, it
will limit inclusion rates and decrease the value of LEA. A
complete amino acid profile of LEA, particularly given its
potential RUP level, may give added value to LEA if it
were to be a source of amino acids commonly limiting in
ruminant diets.

The purpose behind the research of LEA included
in this paper is part of a large scale push towards assisting
the United States in becoming energetically independent
and the need for evaluation of co-product markets made
these live-animal studies possible. Any continued work in
these areas, while they would benefit the animal production
industry, will first serve as a guide to algal biofuel
producers in their quest to find appropriate co-product
markets.
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Table 1. Influence of adding lipid extracted algae or soybean meal to sorghum-sudan hay.

Treatments'

Item HAY ALGAE SOY SEM’ P-value
OM Intake, g/Kg BW 12.5 12.6 12.9 2.167 0.99
CP Intake, g/Kg BW 1.0 1.7 1.2 0.207 0.12
NDF Intake, g/Kg BW 7.3 5.6 6.9 1.077 0.53

Total Tract Digestibility
oM 62.5 55.4 66.4 3.524 0.12
CP, % of OM 82.1% 75.9 84.9% 1.177 <0.01
NDF, % of OM 81.6 79.6 81.0 2.771 0.88

Ruminal pH 6.8 6.8 6.8 0.065 0.96

Ruminal NH;, mM 3.7 3.7 6.6° 0.560 <0.01

Ruminal Volume, L 8.6 5.8 7.5 1.017 0.19

Ruminal Fluid Outflow, L/h 0.5" 0.3° 0.3° 0.061 <0.05

Ruminal Fluid Dilution, %/h 6.2 5.5 3.9 0.798 0.16

Ruminal total VFA, mM 58.8 66.6 67.8 7.603 0.67

Ruminal VFA, mol/100 mol
Acetate 74.1° 71.6® 69.1° 1.245 0.04
Propionate 14.8° 19.9° 17.8% 1.233 0.04
Butyrate 9.2 6.7 8.2 0.837 0.14
Acetate:propionate 5.0° 3.7° 4.1%® 0.307 0.03

'Treatments: HAY= sorghum-sudan hay (6.4% CP and 62.3% NDF; DM basis) with no supplemental protein;

fLGAE: HAY plus lipid extracted algae; SOY=HAY plus soybean meal.

n=5

*yalues within rows with differing superscripts differ P < 0.05 between treatments.

Table 2. Influence of adding lipid extracted algae or dried distillers grains to concentrate diets.
Treatments'

Item ALGAE DGS SEM’ P-value

Intake, g/Kg BW
OM Intake 21.8 18.7 2.38 0.21
CP Intake 3.5 3.0 0.36 0.21
NDF Intake 0.6 0.5 0.06 0.21

Digestibility
OM Digestibility

Ruminal, % entering 78.6 83.6 1.77 0.05

Lower Tract, % entering 37.1 36.6 4.43 0.93

Total Tract, % intake 81.0 86.8 1.38 <0.01
CP Digestibility

Ruminal, % entering 82.3 84.9 1.14 0.11

Total Tract, % intake 76.0 86.1 1.49 <0.01
NDF Digestibility

Total Tract, % intake 70.5 76.6 2.19 0.05

Microbial efficiency, g/kg of OM fermented 6.7 4.0 1.15 0.09

Ruminal pH 6.3 6.3 0.17 0.82

Ruminal NH;, mM 6.3 6.5 1.08 0.89

Ruminal total VFA, mM 76.6 70.4 12.90 0.73

Ruminal VFA, mol/100 mol
Acetate 48.9 46.9 7.78 0.85
Propionate 17.0 14.1 4.80 0.67
Butyrate 93 8.8 1.90 0.84
Acetate:propionate 54 4.1 0.91 0.34

'"Treatments: ALGAE= concentrate diet with protein supplement from lipid extracted algae; DGS = concentrate diet with
protein supplement from dried distillers grains with solubles

2ALGAE (n=8), DGS (n=7)
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RESPONSES OF TRANSPORTED FEEDER CATTLE
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ABSTRACT: The objective of this experiment was to
evaluate the effects of flunixin meglumine administration
on physiological and performance responses of transported
cattle during feedlot receiving. Forty-five Angus x Hereford
steers were ranked by BW on d 0, and assigned to 1 of 3
treatments: 1) transport for 1,280 km in a commercial
livestock trailer and administration of flunixin meglumine
(1.1 mg/kg of BW; i.v.) at loading (d 0) and unloading (d 1;
FM); 2) transport for 1,280 km in a commercial livestock
trailer and administration of 0.9% saline (0.022 mL/kg of
BW; i.v.) at loading (d 0) and unloading (d 1; TRANS), or
3) no transport and administration of 0.9% saline (0.022
mL/kg of BW; i.v.) concurrently with loading (d 0) and
unloading (d 1) of FM and TRANS cohorts (CON). Ond 1,
steers were ranked by BW within each treatment and
assigned to 15 feedlot pens. Full BW was recorded prior to
(d -1 and 0) treatment application and at the end of
experiment (d 28 and 29) for ADG calculation. Total DMI
was evaluated daily from d 1 to 28. Blood samples were
collected on d 0, 1, 4, 7, 10, 14, 21, and 28. Body weight
shrink from d 0 to d 1 was reduced (P < 0.01) and mean
ADG was greater (P < 0.04) in CON vs. FM and TRANS,
but similar (P = 0.94 and P = 0.69, respectively) between
TRANS and FM. No treatment effects were detected on
DMI, but CON had greater G:F vs. TRANS and FM (P <
0.08). Mean plasma cortisol tended to be greater (P < 0.09)
in TRANS vs. FM and CON, but was similar (P = 0.87)
between CON and FM. Plasma NEFA were greater (P <
0.02) for TRANS and FM vs. CON on d 1, and greater (P <
0.04) for FM vs. TRANS and CON on d 4. Plasma
ceruloplasmin concentrations were greater (P < 0.03) for
TRANS vs. CON on d 1, 4, and 7, greater (P < 0.05) for
TRANS vs. FM on d 4 and 7, and greater (P < 0.04) for FM
vs. CON on d 1 and 4. Plasma haptoglobin concentrations
were greater (P < 0.01) for TRANS vs. CON and FM on d
1 and 4, and greater (P < 0.05) for FM vs. CON on d 1 and
4. In conclusion, flunixin meglumine reduced the cortisol
and acute-phase protein responses elicited by road
transport, but did not improve receiving performance of
feeder cattle.

Keywords:  Acute-phase
meglumine, transport

proteins, cattle, flunixin

Introduction

Road transport is one of the most stressful events
encountered by feeder cattle during their productive lives
(Arthington et al., 2005). Upon long transportation periods
and feedlot arrival, cattle experience inflammatory and
acute-phase responses (Cooke et al., 2011) that often lead to

63

impaired health and productivity during feedlot receiving
(Araujo et al., 2010). Accordingly, management strategies
that lessen the magnitude of the acute-phase protein
response during feedlot receiving have been shown to
improve productivity of transported cattle (Arthington et
al., 2008).

One alternative to reduce the acute-phase protein
response elicited by road transport is to provide anti-
inflammatory agents to cattle. As an example, feeder steers
supplemented with linolenic acid had reduced acute-phase
protein response and improved performance during feedlot
receiving compared with non-supplemented cohorts (Cooke
et al., 2011; Cappellozza et al., 2012). Another alternative
includes administration of flunixin meglumine, a non-
steroidal anti-inflammatory drug, when feeder cattle are
processed for transport and feedlot arrival. Accordingly,
Merril et al. (2007) reported that flunixin meglumine
administration prior to road transport alleviated transport-
elicited inflammatory reactions in gestating beef cows.
Based on this rationale, we hypothesized that administration
of flunixin meglumine prior to transport and at feedlot entry
alleviates the acute-phase protein response and improves
performance of feeder cattle during feedlot receiving.
Hence, the objective of this experiment was to evaluate the
effects of flunixin meglumine administration on circulating
concentrations of cortisol, NEFA, acute-phase proteins, and
feedlot receiving performance of transported cattle.

Materials and Methods

Animals and diets. Forty-five Angus x Hereford
steers, weaned 35 d prior to the beginning of the
experiment, were ranked by initial BW (228 + 3 kg; initial
age 206 + 3 d) and assigned to 1 of 3 treatments on d 0: 1)
transport for 1,280 km (approximately 24 h) in a
commercial livestock trailer and administration of flunixin
meglumine (Banamine®; Merck Animal Health; Summit,
NJ; 1.1 mg/kg of BW; i.v.) at loading (d 0) and unloading
(d 1; FM); 2) transport for 1,280 km (approximately 24 h)
in a commercial livestock trailer and administration of 0.9%
saline (0.022 mL/kg of BW; iv.) at loading (d 0) and
unloading (d 1; TRANS), or 3) no transport and
administration of 0.9% saline (0.022 mL/kg of BW; i.v.)
concurrently with loading (d 0) and unloading (d 1) of FM
and TRANS cohorts (CON). The flunixin meglumine dose
used herein was based on the daily limit indicated by the
manufacturer (2 injections of 1.1 mg/kg of BW within 24
h), whereas the CON treatment was included as a non-
transport positive control for physiological and performance
measurements.



From d -15 to 0, steers were maintained in a single
drylot pen (50 x 100 m) and fed alfalfa-grass hay ad libitum
and 2.3 kg/animal daily (DM basis) of a concentrate
containing (as-fed basis) 84% cracked corn, 14% soybean
meal, and 2% mineral mix. Steers assigned to FM and
TRANS were transported at the same time and in the same
double-deck commercial livestock trailer, while CON steers
remained in the same drylot pen (50 x 100 m) with ad
libitum access to alfalfa-grass hay and 2.3 kg/animal (DM
basis) of the aforementioned concentrate. Immediately upon
arrival of FM and TRANS cattle and treatment
administration on d 1, steers were ranked by BW within
each treatment and assigned to 15 feedlot pens (5
pens/treatment; 3 steers/pen; 7 X 15 m) for a 28-d feedlot
receiving. During feedlot receiving, all pens were fed
alfalfa-grass hay ad libitum and 2.3 kg/animal daily (DM
basis) of the aforementioned corn-based concentrate, which
was offered separately from hay at 0800 h. Water was
offered for ad libitum consumption from d -15 to 28, except
to FM and TRANS cattle during transport.

All cattle were vaccinated against clostridial
diseases (Clostrishield 7; Novartis Animal Health; Bucyrus,
KS) and bovine virus diarrthea complex (Virashield 6 +
Somnus; Novartis Animal Health) at approximately 30 d of
age. At weaning (d -35), cattle were vaccinated against
clostridial diseases and Mannheimia haemolytica (One Shot
Ultra 7; Pfizer Animal Health; New York, NY), infectious
bovine rhinotracheitis, bovine viral diarrhea complex, and
pneumonia (Bovi-Shield Gold 5 and TSV-2; Pfizer Animal
Health), and administered an anthelmintic (Dectomax;
Pfizer Animal Health). On d 0, 2 steers assigned to CON
and 1 steer assigned to TRANS presented symptoms of
pneumonia and required medication (0.1 mL/kg of BW of
300 PRO LA, Norbrook Inc.; Lenexa, KS); therefore, these
steers were removed from the experiment. No other
incidences of morbidity or mortality were observed from d
0tod 28.

Sampling. Individual full BW was recorded and
averaged over 2 consecutive days prior to treatment
application (d -1 and 0) and at the end of the experiment (d
28 and 29) for ADG calculation. Individual BW was also
collected on d 1, immediately after treatment application, to
evaluate BW shrink as percentage change from the average
BW recorded on d -1 and 0. Concentrate, hay, and total
DMI were evaluated daily from d 1 to 28 from each pen by
collecting and weighing orts daily. Samples of the offered
and non-consumed feed were collected daily from each pen
and dried for 96 h at 50°C in forced-air ovens for DM
calculation. Hay, concentrate, and total daily DMI of each
pen were divided by the number of animals within each
pen, and expressed as kg per animal/d. Total BW gain and
DMI of each pen from d 1 to 28 were used for feedlot
receiving G:F calculation.

Blood analysis. Blood samples were collected on d
0 and 1 immediately before treatment application, and on d
4, 7, 10, 14, 21, and 28, via jugular venipuncture into
commercial blood collection tubes (Vacutainer, 10 mL;
Becton Dickinson, Franklin Lakes, NJ) with or without 158
USP units of freeze-dried sodium heparin for plasma and
serum collection, respectively. Blood samples were
collected prior to concentrate feeding, except for d 0 when
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FM and TRANS cattle were transported after blood
collection. All blood samples were placed immediately on
ice, centrifuged (2,500 x g for 30 min; 4°C) for plasma or
serum harvest, and stored at -80°C on the same day of
collection. Plasma concentrations of cortisol were
determined in samples collected from d 0 to d 10 using a
bovine-specific commercial ELISA kit (Endocrine
Technologies Inc., Newark, CA). Plasma concentrations of
ceruloplasmin and haptoglobin were determined in all
samples according to colorimetric procedures previously
described (Demetriou et al., 1974; Cooke and Arthington,
2012). Serum concentrations of NEFA were determined in
samples collected from d 0 to d 10 using a colorimetric
commercial kit (HR Series NEFA - 2; Wako Pure
Chemical Industries Ltd. USA, Richmond, VA). The intra-
and inter-assay CV were, respectively, 9.1 and 9.8% for
cortisol, 6.7 and 7.3% for NEFA, 8.9 and 10.5% for
ceruloplasmin, and 7.1 and 11.6% for haptoglobin.

Statistical analysis. Data were analyzed using animal
as the experimental unit, given that treatments were
individually administered to steers, with the PROC MIXED
procedure of SAS (SAS Inst, Inc., Cary, NC) and
Satterthwaite approximation to determine the denominator
df for the tests of fixed effects. The model statement used
for BW shrink from d 0 to d 1 and ADG contained the
effects of treatment. Data were analyzed using
animal(treatment x pen) as random variable. The model
statement used for DMI and G:F contained the effects of
treatment, as well as day and the treatment x day interaction
for DMI only. Data were analyzed using pen(treatment) as
the random variable. The model statement used for blood
variables contained the effects of treatment, day, the
treatment X day interaction, and values obtained on d 0 as
covariate. Data were analyzed using animal(treatment x
pen) as the random variable. The specified term for the
repeated statements was day, pen(treatment) or
animal(treatment x pen) as subject for DMI or blood
variables, respectively, and the covariance structure utilized
was based on the Akaike information criterion. Results are
reported as least square means, as well as covariately
adjusted least square means for blood variables, and were
separated using PDIFF. Significance was set at P < 0.05
and tendencies were determined if P > 0.05 and < 0.10.
Results are reported according to main effects if no
interactions were significant, or according to the highest-
order interaction detected.

Results and Discussion

A treatment effect was detected (P < 0.01) for BW
shrink from d 0 to 1. As expected, BW shrink was greater
(P < 0.01) for both TRANS and FM compared with CON
steers, but similar between TRANS and FM steers (Table
1). Supporting these findings, previous research from our
group reported equivalent BW shrink rates in feeder cattle
exposed to the same transportation schedule adopted herein
(Marques et al., 2012). A treatment effect was also detected
(P <0.01) for ADG (Table 1). Steers assigned to CON had
greater ADG compared with TRANS (P = 0.04) and FM (P
= 0.01) cohorts, whereas ADG was similar between (P =
0.69) TRANS and FM steers. However, treatment effects



detected on ADG were not sufficient to impact (P = 0.37)
cattle BW at the end of the experimental period (Table 1).
No treatment effects were detected (P > 0.94) on hay,
concentrate, and total DMI (Table 1). Nevertheless, a
treatment effect was detected (P = 0.02) for G:F because
CON had greater G:F compared with FM (P = 0.02) and
tended to have greater G:F compared with TRANS steers
(P = 0.08), whereas G:F was similar (P = 0.68) between
TRANS and FM steers (Table 1). Hence, FM steers
experienced a similar decrease in feedlot receiving
performance compared with TRANS cohorts, indicating
that flunixin meglumine administration failed to reduce the
performance losses caused by road transport.

Table 1. Feedlot receiving performance (28 d) of steers
transported for 1,280 km and administered flunixin meglumine
(FM) or 0.9% saline (TRANS) at loading (d 0) and upon arrival (d
1), or non-transported steers administered 0.9% saline (CON)".

Item CON FM TRANS SEM P=
BW, kg

Initial 229 229 227 5 0.93

Final 268 257 255 6 0.27
Shrink, % 0.46° 8.85°  8.89° 043  <0.01
ADG, kg/d 1.18%  0.99° 1.02° 0.05 0.04
DML, kg/d

Hay 488  4.86 4.95 0.18 0.94

Concentrate 2.21 2.22 2.21 0.05 0.98

Total 7.09  7.08 7.16 0.21 0.96
G:F, g/kg 171*  146° 149 6 0.02

T'Within rows, values with different superscripts differ (P < 0.05).
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Figure 1. Serum NEFA concentration in steers transported for
1,280 km and administered flunixin meglumine (FM) or 0.9%
saline (TRANS) at loading (d 0) and upon arrival (d 1), or non-
transported steers administered 0.9% saline (CON). A treatment x
day interaction was detected (P = 0.03). Within days, letters
indicate the following treatment differences; a = TRANS vs. CON
(P =0.02), b=FM vs. CON (P <0.01), c = TRANS vs. FM (P =
0.04).

During feedlot receiving, mean plasma cortisol
concentrations tended to be greater in TRANS vs. FM (P =
0.09) and CON steers (P = 0.08; 41.3, 35.9, and 35.4
ng/mL, respectively; SEM = 2.2), but was similar (P =
0.87) between CON and FM steers (treatment effect; P =
0.09). These results indicate that flunixin meglumine
prevented the increase in circulating cortisol concentrations
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elicited by long road transport (Cooke et al., 2011; Marques
et al., 2012). Serum NEFA concentrations were greater (P <
0.02) for TRANS and FM vs. CON on d 1, and greater (P <
0.04) for FM vs. TRANS and CON on d 4 (Figure 1;
treatment X day interaction, P = 0.03). These results
corroborate that road transport stimulate fat tissue
mobilization and increase circulating NEFA concentrations
in cattle (Marques et al., 2012). In addition, flunixin
meglumine administration further increased this response,
given that serum NEFA concentrations in FM steers were
still elevated on d 4 relative to CON and TRANS cohorts.
The reason for the increased serum NEFA concentrations in
FM steers compared to CON and TRANS cohorts is still
unknown, given that the effects of flunixin meglumine on
lipid metabolism in beef cattle still need investigation.

A treatment x day interaction was detected for
plasma haptoglobin (P < 0.01; Figure 2), whereas a
tendency (P = 0.10; Figure 3) for the same interaction was
detected for plasma ceruloplasmin. Plasma haptoglobin
concentrations were greater (P < 0.01) for TRANS vs. CON
and FM on d 1 and 4, and greater (P < 0.05) for FM vs.
CON on d I and 4. Plasma ceruloplasmin concentrations
were greater (P < 0.03) for TRANS vs. CON ond 1, 4, and
7, greater (P < 0.05) for TRANS vs. FM on d 4 and 7, and
greater (P < 0.04) for FM vs. CON on d 1 and 4. Previous
research from our group also documented an acute-phase
protein reaction in beef cattle upon a similar 24-h road
transport (Araujo et al., 2010) that impaired feedlot
receiving performance (Marques et al., 2012). Accordingly,
circulating concentrations of acute-phase proteins in
transported feeder cattle have been negatively associated
with feedlot receiving performance (Araujo et al., 2010),
and such outcome can be attributed to altered basal
metabolism, increased tissue catabolism, and reduced feed
efficiency during an acute-phase response (Johnson, 1997).
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Figure 2. Plasma haptoglobin concentrations in steers transported
for 1,280 km and administered flunixin meglumine (FM) or 0.9%
saline (TRANS) at loading (d 0) and upon arrival (d 1), or non-
transported steers administered 0.9% saline (CON). A treatment x
day interaction was detected (P < 0.01). Within days, letters
indicate the following treatment differences; a = TRANS vs. CON
(P <0.01), b=FM vs. CON (P <0.05), c = TRANS vs. FM (P <
0.01).

Supporting our hypothesis, flunixin meglumine
administration alleviated the acute-phase protein response
elicited by transport. This outcome can be attributed to the



decreased plasma cortisol concentrations during feedlot
receiving in FM steers, given that cortisol stimulates the
bovine acute-phase protein reaction (Cooke and Bohnert,
2011). In addition, flunixin meglumine inhibits
cyclooxygenase, an enzyme that regulates synthesis of
inflammatory eicosanoids associated with the acute-phase
response such as PGE, (Odensvik, 1995). However, in the
present experiment, FM and TRANS steers had a similar
decrease in feedlot receiving performance compared to that
of CON cohorts, indicating that flunixin meglumine
administration reduced the acute-phase protein response but
did not alleviate the performance losses caused by road
transport. Still, the acute-phase reaction during feedlot
receiving may negatively impact performance (Cooke et al.,
2009) and increases the incidence of respiratory diseases in
overtly healthy cattle. Therefore, the development of
management strategies that prevent or alleviate the acute-
phase response during feedlot receiving, including flunixin
meglumine administration, is warranted for optimal
performance, health, and efficiency parameters in feedlot
systems. Perhaps a greater dosage of flunixin meglumine,
such as 2.2 mg/kg of BW at loading and upon feedlot
arrival, is necessary to further reduce the transport-elicited
acute-phase protein response and enhance performance
parameters.
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Figure 3. Plasma ceruloplasmin concentrations in steers

transported for 1,280 km and administered flunixin meglumine
(FM) or 0.9% saline (TRANS) at loading (d 0) and upon arrival (d
1), or non-transported steers administered 0.9% saline (CON). A
tendency for treatment % day interaction was detected (P = 0.10).
Within days, letters indicate the following treatment differences; a
= TRANS vs. CON (P <0.03), b =FM vs. CON (P <0.04), c =
TRANS vs. FM (P < 0.05).

Implications

Flunixin meglumine administration to feeder steers
prior to road transport and at feedlot arrival prevented the
increase in circulating cortisol and alleviated the acute-
phase protein response elicited by transport, but did not
improve feedlot receiving performance. Hence, flunixin
meglumine appears to be a viable alternative to reduce
neuroendocrine and acute-phase protein responses during
feedlot receiving. Therefore, additional research is
warranted to further assess the benefits of flunixin
meglumine administration, including greater dosages, on
health and productive responses of transported cattle.
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ABSTRACT: Beef calves may have a high O, demand at
a time when their lungs are functionally immature.
Adequacy of O, delivery relative to demand can be
estimated from the oxygen extraction ratio (OER), which
is the absolute difference in oxyhemoglobin saturation
between arterial and mixed venous blood divided by
arterial oxyhemoglobin saturation. The effects of
mismatch between O, demand and O, delivery on
pulmonary arterial pressure (PAP) are unknown. Chronic
alveolar hypoxia is a known risk factor for bovine
pulmonary hypertension (BPH). We hypothesized that
OER is positively associated with mean PAP when
controlling for alveolar O, tension. Arterial and mixed
venous blood-gas tensions and calculations derived from
these indices were evaluated for associations with mean
PAP. A total of 122 Angus calves were randomly sampled
from 2 herds on 2 occasions at 2,731m (herd A, n = 64)
and 2,166m (herd B, n = 58) above sea level. Pulmonary
pressures were measured using a fluid-filled catheter.
Mixed venous blood and arterial blood were collected
from the pulmonary and coccygeal arteries, respectively.
Generalized estimating equations were used to account
for repeated measures. Herd, sex, age of calf and alveolar
O, tension were included in the model. Mixed venous
CO, tension (P < 0.001) and OER (P = 0.02) were
positively associated with mean PAP when controlling for
herd (P = 0.01), sex (P = 0.01), alveolar O, tension (P =
0.002) and age (P < 0.001). A steer with an OER of 0.40
has a mean PAP 14.3 £ 0.9 mmHg higher than an steer
with an OER of 0.1 when controlling for herd (B), age
(200 days), alveolar O, tension (70 mmHg) and mixed
venous CO, tension (50 mmHg). In conclusion, calves
with a high O, demand relative to O, delivery are at
increased risk of BPH. We speculate that continued
selection of cattle for metabolically expensive traits, such
as rapid weight gain, without concurrent selection for
physiologic traits associated with O, delivery is predicted
to increase the incidence of BPH.

Key words: arterial blood-gas, beef calves, oxygen
extraction, pulmonary arterial pressure
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INTRODUCTION

Bovine pulmonary hypertension (BPH) is historically
considered to be a disease of high altitude environments
(Rhodes, 2005). The problem was first reported to occur
almost 100 years ago (Glover and Newsom, 1915). It was
reported to occur at altitudes over 2,134 m (7,000 ft.)
(Hecht et al., 1962). Medial hypertrophy of pulmonary
arterioles was found to occur in response to chronic low
alveolar O, tension (Jaenke and Alexander, 1973).
Consequently, the reduction in vessel lumen diameter
increases vascular resistance and pulmonary arterial
pressure (PAP). Cardiac failure and death may ensue.
This traditional model of BPH pathogenesis does not
adequately explain the occurrence of BPH at moderate
altitudes. For example, BPH occurrence in yearling
Holsteins at 1,600 m (5,249 ft.) (Malherbe et al., 2012).
Recent studies prove the pathogenesis to be more
complex than previous thought (Frid et al, 2006;
Stenmark et al., 2006). It has been speculated that cattle
are susceptible to BPH because of their small
cardiopulmonary system relative to their basal O,
requirements (Veit and Farrell, 1978).

The oxygen extraction ratio (OER) is the ratio of oxygen
consumption to delivery and is typically 0.2 to 0.3
(McLellan and Walsh, 2004). An increase in OER above
0.3 represents an inability of the cardiopulmonary system
to deliver sufficient O, to meet metabolic demands. We
hypothesized that OER is positively associated with mean
PAP irrespective of alveolar O, tension. Arterial and
mixed venous blood-gas tensions and calculations derived
from these indices were evaluated for associations with
mean PAP.

MATERIALS AND METHODS
The Colorado State University Animal Care and Use
Committee approved of the animal handling and sampling
procedures prior to sample collection.

Study site

Calves from one herd in southern Wyoming (Herd A) and
one herd in south-west Colorado (Herd B) were studied



on 2 occasions (Table 1). Calves were of the Angus breed.
Calves tested in herd A included 4 steers and the
remainder were bulls. Approximately equal numbers of
steers and heifers were tested in herd B.

Table 1. Herd, altitude, date of sampling, number of
calves sampled and age

I

Herd Altitude, m Date n  Mean age £
SD, days
A 2,166 07/31/2012 60 124.0+18.2
10/01/2012 65 186.7+17.6
B 2,731 06/21/2012 58 85.9+6.7
10/10/2012 51 197.2+6.6

" number of calves sampled

The dams of calves studied were given a pre-breeding and
pre-calving vaccination offering protection against Bovine
herpesvirus 1 (infectious bovine rhinotracheitis [IBR]),
BVDV, Bovine respiratory syncytial virus (BRSV), and
Bovine parainfluenza virus 3 (BPIV-3). Calves were
vaccinated against the same respiratory pathogens at 4 to
8 weeks of age and 2 to 4 weeks prior to weaning. Both
herds used a modified-live vaccine on both cows and
calves (Bovishield Gold 5, Zoetis, Madison, NJ). Calves
on both ranches were administered a killed vaccine at 4 to
8 weeks of age offering protection against: Cl. chauvoei,
Cl. septicum, Cl. novyi, CI. sordellii and CI. perfringens
Type C and D. Vaccines were given according the
manufacturers instructions.

In both herds ear notch samples were routinely collected
from all calves kept as replacement heifers for Bovine
viral  diarrhea  virus (BVDV)  enzyme-linked
immunosorbent assay testing. No calves persistently
infected with BVDV have been detected in these herds to
date. Communal grazing with neighboring herds does not
occur. Mineral supplements were provided year-round. A
hormonal growth promotant (Synovex C, Zoetis,
Madison, NJ) containing 100 mg progesterone and 10 mg
estradiol benzoate was administered to both heifer and
steer calves in herd B when they were approximately 8
weeks old.

Pulmonary arterial pressure measurement and blood
sample collection

A full description of the equipment, materials and
facilities required for PAP testing is provided by Holt and
Callan (2007). In brief, a large bore needle is inserted into
the jugular vein. Flexible catheter tubing is then fed
through the needle, into the cardiac right atrium, into the
right ventricle, and then into the pulmonary artery. A
pressure transducer connects the saline-filled catheter to
an oscilloscope. The position of the catheter is determined
from the pressure waveform on the oscilloscope. The
jugular vein, right atrium, right ventricle and pulmonary
artery have distinct pressure waveforms.
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After the measurement of PAP the catheter was
disconnected from the transducer. Saline within the
catheter was suctioned out using a 12 ml syringe.
Approximately, 2 to 2.5 ml of mixed venous blood from
the pulmonary artery was collected in a 3 ml syringe for
all of the blood-gas analyses performed. Blood was
collected from the coccygeal artery using a 22 gauge, 2.54
cm (1) hypodermic needle. The bovine coccygeal artery
is a suitable source for blood-gas analysis (Collie, 1991;
Nagy et al., 2002). Arterial blood, unlike venous blood,
can fill a heparinized syringe without applying suction.
Therefore, minimal, if any, negative pressure was applied
to the syringe chamber by drawing on the plunger when
obtaining a sample. Syringes were heparinized with
approximately 0.25 ml of sodium heparin (1,000 IU/ml).
The plunger of each syringe was pulled back to the 3 ml
mark coating the inner chamber surface with heparin.
Heparin was then expelled so that only the needle hub
contained heparin. Collection of blood up to the 2 ml
mark resulted in dilution of the blood sample with sodium
heparin (1,000 IU/ml) by <5 %. Blood dilution of < 10 %
is sufficient to minimize pre-analytic error (Hutchison et
al., 1983). The sample was discarded if during collection
the flow of arterial blood was interrupted. Air bubbles
within the blood were immediately expelled and the first
several drops of blood discarded before analysis.

Blood-gas analysis was performed using a handheld
analyser (VetScan i-STAT 1, Abaxis, Union City, CA)
within 3 minutes of the blood draw. Results were
automatically stored under the animal identification
number. A temperature ‘correction’ algorithm was used to
adjust blood-gas tensions according to rectal temperature
(CLSI, 2001). Variables evaluated for association with
mean PAP included: pH, pO,, pCO,, oxyhemoglobin
saturation (SHbO,) and L-lactate. Alveolar O, tension was
estimated from the alveolar gas equation (Fenn et al.,
1946). The OER was calculated as absolute difference in
oxyhemoglobin saturation between arterial and mixed
venous blood divided by arterial oxyhemoglobin
saturation.

Statistical Procedures

Statistical analyses were performed using STATA version
12 (Stata Corporation, College Station, TX). Generalized
estimating equations were used to account for the
repeated measures (Liang and Zeger, 1986; Zeger and
Liang, 1986). An exchangeable correlation structure was
used. Mean PAP was positively skewed and so was
transformed (PAP”-2.15) into a normal distribution. Herd
was included as a fixed effect to account for clustering.
The covariate age was included in the model to account
for functional maturity of the cardio-pulmonary system
(Lekeux et al., 1984). Alveolar O, tension (paO,) was
included in the model to account for the vasoconstrictive
effect of alveolar hypoxia (Sylvester et al., 2012). Arterial
and mixed venous blood-gas variables (pH, pCO,, pO,
and sHbO,), OER and L-lactate were tested for
association with mean PAP while controlling for herd,
age and p,0,. All variables with an association (P < 0.25)



were included in a backwards elimination model. A type I
significance level of 0.05 was used for the final model.
Two-way interactions between all variables in the final
model were also evaluated.

RESULTS

Mixed venous CO, tension (P < 0.001) and OER (P =
0.02) were positively associated with mean PAP when
controlling for herd (P = 0.01), sex (P = 0.01), ppO, (P =
0.002) and age (P < 0.001) (Figure 1). Correlation
between mixed venous CO,tension and arterial
CO, tension was low but significant (r = 0.26, P < 0.001).
A steer with an OER of 0.40 has a mean PAP 14.3 £ 0.9
mmHg higher than an steer with an OER of 0.1 when
controlling for herd (B), age (200 days), alveolar O,
tension (70 mmHg) and mixed venous CO, tension (50
mmHg) (Table 2).

Table 2. Predicted mean pulmonary arterial pressures
(PAP) for calves with oxygen extraction ratios (OER) of
0.1 and 0.4 when controlling for age (200 days), alveolar
0O, tension (70 mmHg) and mixed venous CO, tension (50
mmHg).

OER 0.10 OER 0.40
Mean PAP + Mean PAP +
Ranch  Sex SE, mmHg SE, mmHg
A Bull 59.8£39.3 72.1 £38.3
Steer 48.7 + 40.3 544+393
B Heifer 56.4+ 393 66.3 +384
Steer 62.0 + 38.5 76.4+£37.5
DISCUSSION

Striking parallels can be drawn between BPH and
pulmonary hypertension of broiler chickens. Mean PAP is
positively associated with growth rate in beef calves
(Shirley et al., 2008) and broiler chickens (Peacock et al.,
1989). Pulmonary hypertension was first reported to occur
in both calves and broilers at high altitude (Cueva et al.,
1974; Glover and Newsom, 1915). It is now reported to
occur in herds at moderate altitude (Malherbe et al., 2012)
and flocks at sea level (Peacock et al., 1990). Pulmonary
hypertension in broilers is the product of a physiological
imbalance. Broilers have inadequate pulmonary
(Wideman et al., 2007) and/or cardiac capacity (Olkowski
et al., 2005) to deliver sufficient O, to meet requirements.
It has been suggested that the small cardiopulmonary
capacity of cattle relative to O, requirements is a risk
factor for BPH (Veit and Farrell, 1978). Growth of
broilers is positively associated with OER and mixed
venous CO, tension (Olkowski et al., 2005). Here, we
provide evidence that the same relationship exists for beef
calves.
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IMPLICATIONS

We speculate that continued selection of cattle for
metabolically expensive traits, such as fast growth,
without concurrent selection for physiologic traits
associated with O, delivery will increase the incidence of
BPH. Pulmonary hypertension is estimated to cost the
broiler industry $1 billion per year (Currie, 1999). The
cost of BPH to the cattle industry is likely to be
considerable given that BPH is not a disease exclusive to
high altitude and current mitigation strategies, although
beneficial, are not solving the problem (Neary, 2013).
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Figure 1. Mean pulmonary arterial pressure (mmHg) by herd and oxygen extraction ratio. Regression lines are provided with
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ABSTRACT: The rumen microbial ecosystem plays a
large role in fermentation of consumed feeds in ruminant
livestock, and therefore may influence the efficiency of
feed utilization. The objective of this study was to
determine the effects of diet and feed efficiency status on
rumen microbial profiles in growing lambs. Growing
wethers (initial BW = 513 £+ 1.2 kg; n = 77) of
Rambouillet, Hampshire, and Suffolk breed types were
randomly allocated to receive a concentrate- (n = 39) or
forage-based (n = 38) pelleted diet. Lambs were acclimated
to diets over a 25 d period. Individual feed intake was
measured with a GrowSafe System for 49 d and BW was
recorded weekly to allow for estimation of residual feed
intake (RFI), a measure of feed efficiency. Rumen fluid
samples were collected at the end of the feeding trial, and
DNA was extracted for sequencing from the rumen fluid of
the four most (low RFI) and four least efficient (high RFI)
wethers on each diet. Paired-end reads were filtered, quality
trimmed and compared with a database of known 16S
rRNA genes. Operational taxonomic units (OTU) were
defined as sequence clusters with > 97% identity; 349
prokaryotic OTUs were present in at least one animal. The
GENMOD procedure of SAS was used to determine the
effects of diet, feed efficiency status and their interaction on
OTU abundance using a Poisson distribution. The most
abundant OTU across diets was Prevotella ruminicola,
which had greater (P < 0.001) abundance in forage-fed
lambs compared with concentrate-fed lambs. In total, there
were 83 OTUs that differed (P < 0.05) by diet, and 49 of
those were of greater (P < 0.05) abundance in concentrate-
fed wethers. Additionally, 29 OTUs differed (P < 0.05)
according to RFT status (i.e. low versus high RFT), with 17
of those OTUs having greater (P < 0.05) abundance in high
RFI lambs. Finally, there were 33 OTUs affected (P <
0.05) by the interaction between diet and RFI status; 27 of
these OTUs were in greater (P < 0.05) abundance in low
RFI, concentrate-fed lambs. Results from this study indicate
that diet influences the rumen microbiome. Furthermore,
key rumen microbial species may play an important role in
the regulation of feed efficiency, and those species may
differ according to diet composition.

Key words: feed efficiency, lambs, microbes, rumen,
sequencing

Introduction
Ruminal microbiota regulate the fermentation of

feedstuffs and end-products that are utilized by the host.
They have a significant effect on host maintenance, growth
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and performance. In turn, the host provides an ideal
anaerobic environment and substrate for microbiota to
thrive, generating a mutualistic relationship for both host
and microbiota populations. Several factors can affect
microbial composition in the rumen including type and
composition of feed, age and health of host, environmental
temperature and seasonality, and geographic location
(Tajima et al., 2001; Romero-Perez et al., 2011; Carberry et
al., 2012). It is known that diet is the main determinant of
rumen microbial composition; however, there is currently
limited understanding of ruminal bacterial communities in
livestock, especially as related to feed efficiency.

Methane production by ruminants has become a
global concern. Approximately 33% of total worldwide
methane emissions are attributed to livestock enteric
fermentation and manure (Mamuad et al, 2012).
Furthermore, ruminants can lose between 5.5-9.0% of their
ingested energy through gas production in the rumen during
fermentation of feedstuffs (Zhou et al.,, 2011). Reducing
methane production in ruminants would not only contribute
to decreased methane emissions, but also improved feed
efficiency and productivity.

Because feed costs for livestock are a substantial
portion of production costs, improving feed efficiency
becomes more important as feed costs continue to rise.
Improvements in feed efficiency can translate to reducing
feed usage while maintaining animal performance.
Residual feed intake (RFI) is a measurement of feed
efficiency that is defined as the difference between the
actual and predicted feed intake as it relates to observed
ADG (Koch et al., 1963). There is a great deal of research
related to RFI in cattle; however, little work has been
reported on RFI in sheep. Similarly, work relating RFI with
ruminal microbial profiles has been limited to-date.
Relationships between RFI and microbial profiles could
facilitate selection of breeding stock based on feed
efficiency without the need to collect individual feed intake
data, an expensive and time-intensive task. The objective of
this study was to determine the effects of diet and feed
efficiency status on rumen microbial profiles in growing
lambs. We hypothesized that microbial profiles would
differ between diets as well as feed efficiency status.

Materials and Methods

Animals and Diet. All animal procedures were
approved by the University of Wyoming Animal Care and
Use Committee. Growing wethers (n = 77; initial BW =
51.3 £ 1.2 kg) of Rambouillet, Hampshire, and Suffolk



breed types were randomly allocated by BW to receive
either a concentrate (CONC; n = 39) or forage-based (FOR;
n = 38) pelleted diet (Table 1). Lambs were acclimated to
diets using a 20% increase in proportion of new feed to old
feed every 4-5 d until the diet consisted of 100% new
pelleted diet ad libitum. Individual feed intake was
measured using the GrowSafe System for a 49 d trial
period. Two-day average initial and final BW were
obtained to calculate ADG. From these data, RFI was
calculated as the deviation of true feed intake from
expected feed intake. Expected feed intake was determined
by regressing ADG and metablic midweight on actual feed
intake (Cammack et al., 2005). Residual feed intake
calculations were used to rank wethers on efficiency.
Rumen fluid samples were collected via oral lavage,
allocated in triplicate into 2 mL tubes, snap-frozen on dry-
ice, and stored at -80° C until processing.

DNA Extraction from Rumen Fluid. DNA was
extracted from the rumen fluid of the most efficient (n = &;
low RFI) and least efficient (n = 8; high RFI) wethers.
Zirconia (0.3 g of 0.1 mm) and silicon (0.1 g of 0.5 mm)
beads and 1 mL lysis buffer were added to thawed rumen
fluid samples and tubes were homogenized using a Mini-
Beadbeater-8 at maximum speed for 3 min, incubated at 70°
C for 15 min with gentle mixing every 5 min, and
centrifuged at 4° C for 5 min. Supernatant was transferred
to a new 2 mL flat cap tubes and fresh lysis buffer was
added to the pelleted beads. The homogenization,
incubation and centrifugation were repeated and the
supernatants were pooled. Precipitation of nucleic acids,
removal of RNA and proteins, and purification were
completed using the protocol of the QIAamp DNA Stool
Mini Kit (Qiagen, Santa Clarita, CA).

Microbial Sequencing. Extracted DNA was sent to
the University of Missouri (Columbia) DNA Core facility
for sequencing using 16 libraries of an Illumina HighSeq
platform, with 4 libraries per lane. The resulting 100 base-
pair, paired-end reads were filtered, quality-trimmed, and
compared with a database of 27K known 16S rRNA genes
using the Bowtie reference-based assembly tool.
Operational taxonomic units (OTU) were defined as
sequence clusters with > 97% identity.

Statistical Analysis. The MIXED procedure of
SAS was used to determine the effect of diet on feed intake,
ADG, and G:F using data from all wethers (n = 77). A
generalized linear model was fitted using the GENMOD
procedure of SAS (SAS Inst. Inc., Cary, NC) to determine
the effects of diet, feed efficiency status, and their
interaction on OTU abundance using a Poisson distribution.
Raw P-values from the Poisson regression were corrected
for multiple tests using the false-discovery rate correction
of Benjamini and Hochberg (1995). Post hoc analyses
comparing treatment means were conducted using the
LSMEANS procedure of SAS.

Results and Discussion
Animal Performance. Average daily feed intake of
the FOR-fed wethers (3.14 = 0.08 kg) was greater (P <
0.001) than intake of CONC-fed wethers (2.18 + 0.06 kg).
Correspondingly, ADG was also greater (P < 0.001) in
FOR-fed (0.27 £ 0.01 kg/d) compared with CONC-fed
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wethers (0.20 = 0.01 kg/d). The G:F ratio was not affected
by diet type (P = 0.23). Residual feed intake, the measure of
feed efficiency, ranged from -0.47 to 0.69 for wethers fed
the CONC diet, and from -0.70 to 0.80 for wethers fed the
FOR diet.

Diet. There were 349 prokaryotic OTUs present in
at least one animal. In total, there were 83 OTUs that
differed (P < 0.05) by diet, and 49 of those were of greater
(P < 0.05) abundance in CONC-fed wethers. The most
abundant OTU across diets was Prevotella ruminicola
(Table 2), which had greater (P < 0.001) abundance in
FOR-fed lambs compared with CONC-fed lambs.
Prevotella ruminicola encompasses one of the most
numerous groups of rumen bacteria. These bacteria utilize a
wide variety of carbohydrates and are therefore represented
in ruminants fed a variety of different diets (Chapman and
Hall, 1997). Prevotella ruminicola is a nonstructural
carbohydrate fermenter that can ferment and utilize
cellulose, hemicellulose, pectin, starch, sugars and proteins
(Van Soest, 1994). This may explain the great overall
abundance of this bacterial species in the rumen, but does
not explain the lower abundance in CONC-fed wethers.

Among CONC-fed lambs, Dialister
succinatiphilus and Acidaminococcus fermentans were the
most abundant OTUs (P < 0.05), followed by several
Prevotella species. In total, 21 out of 31 Prevotella species
that differed (P < 0.05) by diet were of greater abundance
(P <0.05) in CONC-fed lambs. There were 5 Clostridium
species that differed (P < 0.05) by diet, and 3 were greater
(P £ 0.05) for CONC than FOR-fed lambs. There were
three methanogen-producing species affected by diet; one
unknown Methanobrevibacter species was expectedly in
greater (P < 0.001) abundance in CONC-fed wethers, but
the other two (Methanobrevibacter smithii and
Methanospheara stadtmanae) were greater (P < 0.001) in
FOR-fed lambs.

RFI Status. Additionally, 29 OTUs differed (P <
0.05) according to RFI status (low RFI versus high RFI),
with 17 of those OTUs having greater (P < 0.05) abundance
in high RFI lambs (Table 2). Out of the 16 Prevotella
species that differed (P < 0.05) with RFI status, 11 were
greater (P < 0.05) in high RFI lambs. There were 3
Ruminococcus species that differed (P < 0.05) by diet, and
2 were in greater (P < 0.01) abundance in high RFI than
low RFI lambs. One methanogen producing species,
Methanobrevibacter smithii, differed by RFI status and was
in greater (P < 0.01) abundance in low RFI wethers.

Interaction of Diet and RFI Status. Finally, there
were 33 OTUs affected (P < 0.05) by the interaction
between diet and RFI status; 27 of these OTUs were in
greater (P < 0.05) abundance in low RFI, CONC-fed lambs.
Interestingly, when OTU abundance was greater in low
RFI, CONC-fed lambs, the abundance was typically the
lowest among the low RFI, FOR-fed lambs. Similarly,
when high RFI, FOR-fed lambs had the greatest OTU
abundance, in turn the high RFI, CONC-fed lambs had the
lowest abundance. This suggests that rumen microbial
populations important to feed efficiency are also largely
dependent upon diet. Finally, when low RFI, CONC-fed
lambs did not have the greatest OTU abundance among all
interaction combinations, the high RFI, FOR-fed animals



typically possessed the greatest OTU abundance. For
example, of 18 Prevotella species that differed (P < 0.05)
with the diet and RFI interaction, the low RFI, CONC-fed
lambs had greatest OTU abundance for 14 of those species.
Interestingly, Mitsuokella jalaludinii was greater (P <
0.001) in low RFI, CONC-fed lambs. Mitsuokella
jalaludinii has been demonstrated as an efficient methane-
reducing agent in the rumen by competing with
methanogens for hydrogen, necessary for growth by both
(Mamued et al., 2012).

Discussion. Results from this study indicate that
diet influences the rumen microbiome. Furthermore, key
rumen microbial species may play an important role in the
regulation of feed efficiency, and those species may differ
according to diet composition. In addition, broad groups of
microbes, such as Prevotella sp., Clostridium sp., or
Methanobrevibacter sp., may not give many indications of
these influences, but rather specific individual species do,
such as Methanobrevibacter smithii. Moreover, methane-
reducing species, including Mitsuokella jalaludinii may not
only decrease gas production in livestock, but also improve
ruminal fermentation, and in turn, improve feed efficiency.
This may suggest that the favorable relationship between
better feed efficiency and lower methane production may be
due to an increased ability to reduce methane in the rumen
as opposed to lower abundance of actual methanogenic
species. Further research is necessary to determine the types
of species that may play this role, and whether they can be
influenced to further decrease methane production,
especially in livestock on high concentrate diets. A better
understanding of the influence of diet type, RFI status and
their interaction on the rumen microbiome is needed to
determine if animal feed efficiency is translatable across
different production settings (e.g., grazing versus feedlot).

Implications

Prediction of feed efficiency status without the
need to measure individual feed intake is a necessary step in
realizing the potential of this economically important trait
as a tool for genetic selection. Use of rumen microbial
populations as a means of assessing feed efficiency may
ultimately provide producers with an easier (i.e. one-time
rumen sampling) and more affordable means of identifying
feed efficient breeding stock, especially as technologies,
such as DNA sequencing, continue to become less
expensive. Finally, it will be important to recognize that
the microbial species that play a key role in the regulation
of feed efficiency likely differ with diet composition.
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Table 1. Composition of pelleted diets.

Ttem FOR' CON

Ingredient, % DM
Alfalfa pellets 67.70 --
Corn -- 50.20
Wheat middlings 27.50  31.00
Corn gluten -- 10.00
Cane molasses 2.50 2.50
Salt 1.34 1.76
Calcium carbonate 0.60 2.30
Dried distillers grains with solubles -- 1.00
Calcium sulfate -- 0.75
Potassium chloride -- 0.19
Trace minerals and vitamins® 0.34 0.36

Analyzed nutrient composition

DM, % as fed 9230  91.60
CP, % DM 1620 12.10
NDF, % DM 36.30  17.60
ADF, % DM 25.10  6.60
ME, Mcal/kg* 231 298
Ca, % DM* 120 130
P, % DM* 037 047

'FOR = foraged-based pelleted diet.

2CONC = concentrate-based pelleted diet.

*Includes Selenium 1600, Sheep TM ORG-Zn, Flavor
APF-168, Vit E 20000 1U/#, and CHS/PN VT-FDLT.
*Calculated from NRC (2007) values.
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Table 2. Least-squares means of microbiota abundance in lambs identified as feed efficient or feed inefficient on a concentrate-
or forage-based pelleted diet

Diet*Residual Feed Intake (RFI) Status P-value
Microbiota CON'*High® CON*Low’ FOR**High FOR*Low Diet*RFI
Acidaminococcus fermentans 149.75° 452.75% 12.75°¢ 14.50° <0.001
Bifidobacterium dentium 0.50° 189.50° 2.50° 0.50° <0.001
Bifidobacterium longum 0.50° 40.5° 1.50° 1.00° <0.001
Butyrivibrio hungatei 1.75° 6.00° 9.75 9.75 0.047
Butyrivibrio species 1.25° 5.75° 3.00% 1.25° 0.005
Clostridium clostridioforme 8.25° 34.25% 2.50¢ 1.00° 0.001
Eubacterium eligens 32.25° 147.00* 3.25°¢ 1.75¢ <0.001
Mitsuokella jalaludinii 15.50° 122.25% 6.50° 3.75°¢ <0.001
Prevotella albensis 37.25° 63.25° 29.00° 20.00¢ <0.001
Prevotella amnii 12.75% 19.50° 15.25% 9.50° 0.006
Prevotella bivia 6.75° 8.75° 8.00° 2.00° 0.003
Prevotella brevis 94.00° 190.25% 204.50* 204.25% <0.001
Prevotella genomospecies® 143.25° 100.50° 46.25¢ 89.25° <0.001
Prevotella genomospecies 5.00¢ 33.00° 77.25° 47.25° <0.001
Prevotella genomospecies 1.00¢ 4.00° 17.25° 9.25° 0.004
Prevotella micans 1.75¢ 12.25¢ 33.75° 20.00° <0.001
Prevotella oris 48.50° 79.75% 16.75° 16.00° 0.026
Prevotella oulorum 10.50% 12.25% 11.00% 425° 0.009
Prevotella paludivivens 6.25° 8.75° 8.25° 2.75° 0.006
Prevotella pleuritidis 20.25% 17.50% 0.75¢ 4.00° 0.023
Prevotella ruminicola 32.00¢ 127.00° 957.50" 645.25° <0.001
Prevotella salivae 2.50° 6.00° 6.00° 1.75° 0.001
Prevotella species 125.50° 135.00° 12.50° 2.25° <0.001
Prevotella species 3.25° 6.25%® 9.00° 5.75% 0.047
Prevotella stercorea 23.00° 40.50° 15.00° 7.50¢ <0.001
Prevotella timonensis 5.75° 11.75° 11.00° 4.00° <0.001
Ruminococcus albus 5.50¢ 11.50° 66.75° 44.50° <0.001
Ruminococcus callidus 12.75% 17.75% 5.75° 1.75¢ 0.006
Ruminococcus torques 5.75° 25.00° 3.00% 2.00° 0.001
Schwartzia succinivorans 0.50° 7.75° 3.50° 2.00% <0.001
Selenomonas bovis 15.50° 176.00° 2.75¢ 0.75¢ <0.001
Selenomonas ruminantium 1.50° 9.00° 2.25° 1.00° 0.003
Selenomonas ruminantium 0.75° 3.75% 5.50° 3.00° 0.011

'CON = concentrate-based pelleted diet.

’High = high RFI status (low efficiency).

*Low = low RFI status (high efficiency).

*FOR = forage-based pelleted diet.

Microbiota with the same name are different unknown species within a genus.

Tests of significance generated using the GENMOD procedure of SAS modeled with a Poisson distribution. Treatment means
were generated using the MIXED procedure are valid, but because the data were not normally distributed, standard errors are
not valid and thus not included.
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ABSTRACT: Objectives were to examine effects of early
to mid-gestation maternal nutrient restriction followed by
realimentation on mammary gland development. On d 30 of
pregnancy, multiparous, non-lactating cows (initial BW =
620.5 £ 11.3 kg, BCS = 5.1 £ 0.1) were assigned to dietary
treatments in a completely randomized design: control (C;
100% NRC; n = 18) and restricted (R; 60% NRC; n = 28).
On d 85, cows were slaughtered (C, n = 6; R, n = 6),
remained on control (CC; n = 12) and restricted (RR; n =
12), or were realimented to control (RC; n=11). On d 140,
cows were slaughtered (CC, n = 6; RR, n = 6; RC, n =5),
remained on control (CCC, n = 6; RCC, n = 5), or were
realimented to control (RRC, n = 6). On d 254 all remaining
cows were slaughtered. The diet consisted of grass hay to
meet 100% or 60% NE recommendations for maintenance
and fetal growth and to meet or exceed MP
recommendations. Prior to slaughter, jugular blood samples
were collected. Monthly blood samples were collected only
for cows slaughtered on d 254 and analyzed for prolactin
(PRL). At slaughter, mammary glands were immediately
removed and weighed. Glands were analyzed for fat,
cellular proliferation, and qPCR was used to determine
mRNA expression of vascular endothelial growth factor
(VEGF) and its receptors (fins-related tyrosine kinase 1
(FLT1) and kinase insert domain receptor (KDR)).
Mammary gland weight was not affected (P > 0.15) by
treatment. There was no treatment effect for PRL at
slaughter and no treatment x day interaction (P > 0.27) for
PRL across gestation. Fat (%) did not differ (P > 0.35) at d
85 and 140; however, at d 254 RRC and RCC cows had less
(P =0.02) fat vs. CCC. There was no effect (P > 0.45) of
maternal dietary treatment on mammary alveolar cellular
proliferation. There was no treatment effect (P > 0.27) on
mRNA expression of VEGF, FLT1, and KDR. Nutrient
restriction during early to mid-gestation does not appear to
impact mammary gland weight; however, composition may
be altered. Further information is needed to determine how
nutritional interventions could improve lactation in beef
cattle.

Keywords: Beef cattle, mammary gland, nutrient restriction

INTRODUCTION

Beef cows are commonly managed in grazing systems
where forage quality varies according to regional
conditions. Forage quality or availability is often poor,
affecting nutritional and physiological status of the animal
(Funston et al., 2010). During this period of reduced
nutrient availability, the dam will undergo a series of
metabolic and physiologic adaptations to protect her body
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stores from depletion as the increase in nutrient demands by
the conceptus occurs (Rosso and Streeter, 1979).

Maternal nutrition during pregnancy not only plays an
important role for fetal and placental growth and
development, but mammary development as well. In order
to continue to nourish the offspring after birth, the
mammary gland needs to be properly developed. Mammary
gland milk production depends on several factors; one of
them is the amount of secretory cells (i.e., alveoli) in the
gland that secretes milk (Anderson et al., 1985). In addition,
maternal nutrition also affects milk composition and
production (Miranda et al., 1983). Our laboratory (Swanson
et al., 2008; Vonnahme et al., 2011) previously reported
that nutritional plane during gestation decreased mammary
gland size and proliferation, and altered mammary gland
vascularity in sheep. Meyer et al. (2011) reported decreased
colostrum and milk production in nutrient restricted ewes;
moreover, this decrease in milk production continued after
ewes were realimented to control diets during lactation
(Meyer et al., 2011). We hypothesize that longer nutrient
restriction would negatively impact maternal mammary
gland development compared with controls. Our objectives
were to determine the effects of realimentation after
maternal nutrient restriction during early to mid-gestation
on mammary gland development.

MATERIALS AND METHODS

All procedures involving animals were approved by the
North Dakota State University (NDSU) Animal Care and
Use Committee (#A10001).

Animals, Diets, and Breeding

A total of 54 non-lactating, multiparous crossbred beef
cows of similar genetic background were synchronized
using a Select Synch plus progesterone insert (CIDR; Pfizer
Animal Health, New York, NY) and fixed-time Al (TAI)
protocol. At the NDSU Beef Research and Teaching Unit
(Fargo, ND), cows were assigned to 1 of 6 breeding groups
with breeding dates ranging from July 13th to October 24th
2011. Cows received GnRH (100 ug as 2 mL of Factrel
i.m.; Fort Dodge Animal Health, Fort Dodge, IA) and a
CIDR on d 0. On d 7 CIDR devices were removed, and
cows were given an injection of PGF2a (25 mg as 5 mL of
Lutalyse i.m., Pharmacia & Upjohn Co., Kalamazoo, MI).
Estrotect Heat Detectors (Rockway Inc., Spring Valley, WI)
were used to monitor estrous behavior for a minimum of 72
h. Artificial insemination was performed utilizing the
AM/PM rule 12 h after the first detected estrus. Cows not



detected in estrus after 72 h received a second GnRH
injection and TAI was performed. Inseminated cows were
transported to the Animal Nutrition and Physiology Center
(ANPC; Fargo, ND) within 3 d post-insemination. From
arrival at ANPC until confirmed pregnant, cows were
grouped in pens (n = 4 to 5/pen) and trained to use the
Calan gate feeding system. At this time, all cows were fed
chopped grass hay [8.02% CP, 69.2% NDF, 41.5% ADF,
and 57.9% TDN (DM basis)] and a mineral and vitamin
supplement to meet NE recommendations for maintenance
and fetal growth and to meet or exceed recommendations
for MP, minerals, and vitamins (NRC, 2000) until
pregnancy was confirmed. Hay NE,, concentration was
predicted using equations described by Weiss (1993) and
NRC (2000).

On d 27 and 28 post-insemination, pregnancy was
confirmed via transrectal ultrasonography (500-SSV;
Aloka, Tokyo, Japan) using a linear transducer probe (5
MHz). Non-pregnant cows restarted the same breeding
protocol; cows were only allowed to be Al twice during the
experiment. On d 30 of pregnancy, cows (initial BW =
620.5 £ 11.3 kg, BCS = 5.1 £ 0.1) were randomly assigned
to dietary treatments: control (C; 100% NRC; n = 18) and
nutrient restriction (R; 60% NRC; n= 28). On d 85 cows
were slaughtered (C, n = 6 and R, n = 6), remained on
control (CC; n = 12) and restricted (RR; n = 12) treatments,
or were realimented to control (RC; n=11). On d 140 cows
were slaughtered (CC, n = 6; RR, n = 6; RC, n = 5),
remained on control (CCC, n = 6; RCC, n = 5), or were
realimented to control (RRC, n = 6). On d 254 all remaining
cows were slaughtered (CCC, n = 6; RCC,n=5; RRC, n=
6).

The control diet consisted of grass hay (Table 1) to
meet 100% NE recommendations for maintenance and fetal
growth (NRC, 2000) and to meet or exceed MP
recommendations. Nutrient restricted cows received 60% of
the same control hay diet. Cows were individually fed once
daily in a Calan gate system at 1000 and had free access to
water. The mineral and vitamin supplement (Trouw dairy
VTM with optimins; Trouw Nutrition International,
Highland, IL) was top-dressed 3 times per week at a rate of
0.18% of hay DMI to meet or exceed mineral and vitamin
requirements relative to dietary NE intake (NRC 2000).
Cows were weighed weekly at approximately 0800
throughout the experiment and dietary intake was adjusted
relative to BW.

Blood Sample Collection and Analysis

Prior to slaughter, jugular blood samples were
collected. In addition, monthly blood samples were
collected only for cows slaughtered on d 254 by jugular
venipuncture into serum separator tubes (Corvac, Kendall
Health Care, St. Louis, MO) and allowed to clot at room
temperature for 15 min before being placed on ice. Samples
were centrifuged at 4°C for 15 min at 1,500 x g and serum
was stored at —20°C in plastic vials until assayed. Serum
concentrations of PRL were quantified by double-antibody
RIA with a detection limit of 2 ng/mL (Spoon and Hallford,
1989).
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Slaughter Procedure and Mammary Gland Collection and
Processing

On d 85, 140, and 254, a randomly selected subset of
cows from each treatment were slaughtered at the NDSU
Meat Laboratory. Immediately upon exsanguination, the
mammary gland was removed, weighed, and processed.
From one-half of the gland, approximately 5 g of glandular
tissue from the mammary gland was snap frozen in super-
cooled isopentane (submerg