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Si m pl e  S u m m ar y

A s t h e c attl e i n d u st r y  p ut s  m o r e e m p h a si s a n d f o c u s o n h e a rt –l u n g f u n cti o n, it i s i m p o r -

t a nt t o  u n d e r st a n d t h e r el ati o n s hi p b et w e e n  p ul m o n a r y a rt e ri al  p r e s s u r e ( P A P) s c o r e s

wit h  p e rf o r m a n c e e sti m at e s.  T hi s st u d y c h a r a ct e ri z e d t h e r el ati o n s hi p of  P A P s c o r e s  wit h

p r o d u cti o n,  m at e r n al, a n d c a r c a s s e x p e ct e d  p r o g e n y  diff e r e n c e s ( E P D s).  R e s ult s s h o w e d

t h at a s t h e c al vi n g e a s e  di r e ct  E P D i n c r e a s e d,  P A P s c o r e s  d e c r e a s e d. I n c o nt r a st, b ull s

wit h i n c r e a s e d bi rt h  w ei g ht,  w e a ni n g  w ei g ht, y e a rli n g  w ei g ht, a n d c a r c a s s  w ei g ht  E P D s

h a d i n c r e a s e d  P A P s c o r e s.  N o r el ati o n s hi p  w a s o b s e r v e d b et w e e n  P A P s c o r e s a n d s c r ot al
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1. Introduction
An animal’s susceptibility to High-Altitude Disease (HAD), also known as Brisket

Disease, High-Mountain Disease (HMD), and right-sided heart failure (RHF) is determined
by its pulmonary arterial pressure (PAP) score [1]. High-Altitude Disease is described as
a non-infectious disease that causes pulmonary vasoconstriction due to hypoxia [2]. This
disease is characterized by clinical signs of brisket edema, lethargy, jugular vein distention,
diarrhea, poor appetite, and death [3]. The only recommendation given for affected animals
is to move them to lower elevation, as no treatment or cure currently exists [3]. Beef cattle
located in production systems above 1500 m elevation are most impacted by HAD due to
low-oxygen saturations in the atmosphere [4]. In 2012, it was estimated that 1.5 million
head of cattle resided in high-elevation production systems in the United States [5]. High-
Altitude Disease accounts for 3–5% of calf death loss in the United States annually [1], and
results in economic losses of approximately USD 60 million, yearly [5].

Bovines have an increased susceptibility to HAD because of their pulmonary
system [1,6]. During times of hypoxia, all animals will experience pulmonary vascu-
lar shunting [1] which causes persistent exposure of pulmonary vasculature to increased
pressure [7]. Eventually, this increased pressure will lead to the remodeling of the pul-
monary arteries caused by hypertrophy and muscularization [6,8] The hypertrophy and
muscularization of the pulmonary arteries will cause loss of function in the peripheral
pulmonary arteries and dilation of the right ventricle, followed by heart failure [1,6,8].
Additionally, the small, lobulated anatomical pattern of the bovine lung increases the
likelihood of cattle to suffer from severe pulmonary distress and hypertension leading to
loss of function [9].

Expected progeny differences (EPDs) are predictors of how future progeny are ex-
pected to perform compared to others within the data set [10]. The American Angus
Association (AAA) has four different groupings of EPDs: production, maternal, manage-
ment, and carcass. Beef cattle producers use bull EPDs to evaluate how bulls will fit within
their operation and align with their production goals. The selection of bulls based on
EPDs is a crucial part of bull selection and decision making and seedstock producers will
use EPDs to market their bulls to other beef cattle producers. Selection for growth and
performance within the Angus breed has trended upward for the last four decades [11].
Additionally, PAP scores are also used as a marketing tool by seedstock producers to market
their cattle particularly in high-elevation systems to those beef cattle operations who put
an emphasis on heart–lung function in their selection criteria [12].

The AAA PAP EPD was developed and released in 2019 by the AAA, Angus Genetics
Inc. (AGI), and Colorado State University [13]. This EPD assists in estimating an animal’s
“survivability” in high-elevation environments [14]. Just as the PAP score, the EPD is
also expressed in mmHg and a lower score is more favorable [13]. However, the AAA
emphasizes that the PAP EPD does not replace a PAP test and there are several other
environmental factors that may impact an animal’s survivability in high-elevation beef
cattle production [13,15]. However, producers are able to use this EPD as a guide to make
informed decisions when selecting and have an increased knowledge on how expected
progeny should perform in high-elevation environments [15]. Increased recognition of
the importance of heart–lung function led to the establishment of the PAP EPD, as well as
increased interest in PAP measurements.

There is limited research conducted relating PAP measurements to production, ma-
ternal, and carcass EPDs. The objectives of this study were to model the relationship of
PAP with production, maternal, and carcass EPDs. Increased knowledge of PAP scores
and the relationship between EPDs and PAP scores can allow for a better understanding of
selection goals in beef cattle.
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2. M at eri al s a n d  M et h o d s

We c oll a b o r at e d  wit h a  M o nt a n a- b a s e d  A n g u s o p e r ati o n t o g at h e r  d at a o n 5 4 0 6 h e a d

of 1 2- t o 1 8- m o nt h- ol d  p u r e b r e d  A n g u s b ull s  w hi c h  w e r e s ol d i n t h ei r a n n u al  p r o d u cti o n

s al e s f r o m 2 0 1 6 t o 2 0 2 3.  B ull s c o nti n u o u sl y r e si d e d i n el e v ati o n s g r e at e r t h a n 1 6 0 0  m. It i s

i m p o rt a nt t o n ot e t h at t hi s o p e r ati o n h a s t w o s e p a r at e l o c ati o n s t h at f u n cti o n s e p a r at el y

f r o m e a c h ot h e r,  m e a ni n g t h e y h a v e  diff e r e nt  m a n a g e m e nt  pl a n s a n d o p e r ati o n al g o al s.

2. 1. O per ati o n  A

B ull s f r o m o p e r ati o n  A a r e s ol d i n t h e  D e c e m b e r  p r o d u cti o n s al e  w hi c h  will b e r ef e r r e d

t o a s t h e f all s al e a n d a r e  P A P t e st e d at 1 8  m o nt h s of a g e.  B ull s f r o m o p e r ati o n  A a r e  w e a n e d

i n a  p a st u r e s etti n g i n t h e f all, t h e n s e nt t o t h e r a n c h f e e dl ot f o r t h e  wi nt e r. I n t h e s p ri n g,

b ull s a r e t u r n e d o ut o n f o r e st all ot m e nt s ( ≈ 2 5 9 0  m el e v ati o n) t o g r a z e.  T h e y r et u r n b a c k t o

t h e f e e dl ot (≈ 1 6 0 0  m) i n t h e f all  w h e r e all s al e b ull s a r e  P A P t e st e d f oll o wi n g t h ei r r et u r n

f r o m el e v ati o n.  W hil e at t h e f e e dl ot, t h e y r e c ei v e a li g ht g r o wi n g r ati o n  u ntil s al e.

2. 2. O per ati o n  B

B ull s f r o m o p e r ati o n  B a r e s ol d i n t h e  M a r c h  p r o d u cti o n s al e  w hi c h  will b e r ef e r r e d

t o a s t h e s p ri n g s al e a n d a r e  P A P t e st e d at 1 2  m o nt h s of a g e.  B ull s f r o m o p e r ati o n  B a r e

w e a n e d i nt o a f e e dl ot ( ≈ 1 6 0 0  m el e v ati o n) i n e a rl y S e pt e m b e r.  T h e b ull s a r e s o rt e d i nt o

g r o u p s b y  w ei g ht a n d st a rt e d o n a hi g h- r o u g h a g e  di et. F r o m t h e r e, c o n c e nt r at e s of c o r n

a n d  d ri e d  di still e r s g r ai n s a r e g r a d u all y a d d e d i nt o t h e r ati o n. S al e b ull s a r e  P A P t e st e d i n

t h e  mi d dl e of  D e c e m b e r.

2. 3. P ul m o n ar y  Arteri al  Press ure  Test

T h r o u g h a ri g ht- h e a rt c at h et e ri z ati o n  p r o c e d u r e, a  P A P t e st  m e a s u r e s t h e r e si st a n c e of

bl o o d  f o w t h r o u g h t h e l u n g s [ 1 6 ].  M e a s u r e m e nt of  P A P h a s b e e n r o uti n el y  p e rf o r m e d b y a

li c e n s e d v et e ri n a ri a n at b e ef c attl e o p e r ati o n s at  hi g h el e v ati o n s si n c e t h e 1 9 8 0 s. Si mil a r t o

h u m a n bl o o d  p r e s s u r e,  P A P s c o r e s a r e  m e a s u r e d i n  milli m et e r s of m e r c u r y ( m m H g) [ 1 ].

S c o r e s r a n g e f r o m 3 0  m m H g t o g r e at e r t h a n 5 0  m m H g [ 1 ] a n d a r e i n f u e n c e d b y a v a ri et y

of f a ct o r s, i n cl u di n g a g e, s e x, g e n eti c s, a n d e n vi r o n m e nt al c o n diti o n s [ 1 ,1 7 – 2 0 ].  Hi g h e r

s c o r e s i n di c at e hi g h s u s c e pti bilit y t o  H A D, t h e r ef o r e l o w e r s c o r e s a r e  m o r e d e si r a bl e [ 1 ].

2. 4. D at a  C olle cte d

D at a g at h e r e d i n cl u d e d i d e nti f c ati o n n u m b e r, s al e, s al e y e a r, bi rt h d at e,  P A P s c o r e,

al o n g  wit h  E P D s f o r c al vi n g e a s e  di r e ct ( C E D), bi rt h  w ei g ht ( B W),  w e a ni n g  w ei g ht ( W W),

y e a rli n g  w ei g ht ( Y W), s c r ot al ci r c u mf e r e n c e ( S C),  m at e r n al  mil k ( Mil k), c a r c a s s  w ei g ht

( C W),  m a r bli n g ( M a r b), a n d ri b e y e a r e a ( R E;  T a bl e 1 ).  T h e  p r o vi d e d g e n o mi c all y e n h a n c e d

E P D s a r e r e f e cti v e of b ull s’ c al c ul at e d e sti m at e s a s si g n e d b y t h e  A A A at ti m e of s al e a n d a s

p u bli s h e d i n t h e  p r o d u c e r’ s b ull s al e c at al o g s.  T hi s i s t h e s e c o n d  p a p e r i n a t w o- p a p e r s e ri e s

t h r o u g h a c oll a b o r ati o n  wit h Sit z  A n g u s  w h o  u s e s  P A P t e sti n g a s a st a n d a r d o p e r ati o n

p r o c e d u r e f o r all b ull s  m a r k et e d t h r o u g h t h ei r a n n u al  p r o d u cti o n s al e s [2 1 ].

Ta bl e 1. E x p e ct e d  pr o g e n y  diff er e n c e s e v al u at e d  wit hi n t hi s st u d y  wit h t h e  mi ni m u m, m e a n ±  st a n d ar d

d e vi ati o n ( S D), a n d  m a xi m u m.  G r o u pi n g s a n d a b b r e vi ati o n s a r e a c c o r di n g t o t h e  A A A 1 .  T h e a ct u al

P A P s c o r e  w a s  u s e d a n d n ot t h e  E P D.

N a m e Mi ni m u m M e a n ±  S D M a xi m u m

P A P 2 5 4 3. 0 0 ±  7. 4 0 1 2 5 0. 0 0
Pr o d u cti o n  E P D s

C al vi n g  E a s e  Di r e ct ( C E D) − 1 3. 0 0 6. 7 5 ±  4. 7 7 2 2. 0 0
Bi rt h  Wei g ht ( B W) − 4. 7 0 1. 1 3 ±  1. 7 5 7. 3 0
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T a bl e 1. C o nt.

N a m e Mi ni m u m M e a n ±  S D M a xi m u m

We a ni n g  Wei g ht ( W W) 3 1. 0 0 6 6. 9 5 ±  1 1. 0 3 1 0 6. 0 0
Ye a rli n g  Wei g ht ( Y W) 5 9. 0 0 1 1 7. 3 3 ±  1 7. 8 9 1 7 9. 0 0

S c r ot al  Ci r c u mf e r e n c e ( S C) − 1. 0 9 1. 0 8 ±  0. 5 6 2. 8 9
M at er n al  E P D s

M at e r n al  Mil k ( Mil k) 0. 2 9 2 7. 4 8 ±  5. 8 2 4 8
C ar c a s s  E P D s

C a r c a s s  Wei g ht ( C W) 0. 3 5 4 7. 6 2 ±  1 2. 1 7 9 3. 0 0
M a r bli n g ( M a r b) − 0. 4 1 0. 4 9 ±  0. 9 3 5 1. 0 0
Ri b e y e  A r e a ( R E) − 0. 5 6 0. 5 8 ±  1. 1 6 6 5. 0 0

1 A m e ri c a n  A n g u s  A s s o ci ati o n.

2. 5. St atisti c al  A n al ysis

G e n er ali z e d li n e ar  mi x e d  m o d el s  w er e  u s e d t o  d et er mi n e t h e r el ati o n s hi p b et w e e n  P A P

s c or e s  wit h  pr o d u cti o n,  m at er n al, a n d c ar c a s s  E P D s.  C a n di d at e  m o d el s  w er e  d e v el o p e d

r efl e cti n g h y p ot h e si z e d r el ati o n s hi p s b et w e e n  P A P a n d t h e  m at er n al,  pr o d u cti o n, a n d c ar c a s s

E P D s a s eit h er li n e ar, a s y m pt oti c, or q u a dr ati c i n  n at ur e [ 2 2 ], a n d y e ar a s a r a n d o m i nt er c e pt.

A k ai k e’ s I nf or m ati o n  Crit eri o n a dj u st e d f or s m all s a m pl e si z e s ( AI C c)  w a s  u s e d t o e v al u at e

s u p p ort f or c o m p eti n g  m o d el s ( T a bl e 2 ; “ AI C c m o d a v g ” p a c k a g e f or  R) [ 2 3 ]. O n c e t h e n at ur e

of t h e r el ati o n s hi p  w a s  d et er mi n e d f or e a c h  E P D of i nt er e st, c a n di d at e  m o d el s et s  u si n g

g e n er ali z e d li n e ar  mi x e d  m o d el s  w er e t h e n  d e v el o p e d r efl e cti n g  m ulti pl e h y p ot h e s e s o n t h e

r el ati o n s hi p b et w e e n e a c h of t h e  E P D s i n cl u di n g f all v er s u s s pri n g s al e a n d it s a s s o ci at e d i nt er -

a cti o n s  wit h e a c h  E P D of i nt er e st o n b ull  P A P s c or e s  u si n g t h e  p a c k a g e s “l m e 4 ” a n d “l m er Te st ”

( p a c k a g e s f or R) [ 2 4 ,2 5 ]. S pri n g v er s u s f all s al e  w a s tr e at e d a s a c at e g ori c al fi x e d eff e ct t o

a c c o u nt f or a g e a n d  m a n a g e m e nt eff e ct s b et w e e n o p er ati o n s.  Ye ar  w a s tr e at e d a s a r a n d o m

i nt er c e pt.  A k ai k e’ s I nf or m ati o n  Crit eri o n a dj u st e d f or s m all s a m pl e si z e s ( AI C c)  w a s  u s e d t o

e v al u at e s u p p ort f or c o m p eti n g ( T a bl e 3 ; “ AI C c m o d a v g ” p a c k a g e f or  R) [ 2 3 ]. We e x cl u d e d

m o d el s  wit h ∆ AI C c ≤  2 t h at  diff er e d fr o m t h e t o p  m o d el b y a si n gl e  p ar a m et er if c o nfi d e n c e

i nt er v al s of a  p ar a m et er e sti m at e s o v erl a p p e d 0 (i. e.,  w er e n o n-i nf or m ati v e) [ 2 6 ]. M o d el

a v er a g e d e sti m at e s of b et a- c o effi ci e nt s  w er e  u s e d  w h e n  m ulti pl e  m o d el s  w er e s u p p ort e d

( “ M u Mi n ” p a c k a g e f or  R) [ 2 7 ]. M o d el fit  w a s e v al u at e d b y  u si n g  m ar gi n al a n d c o n diti o n al

r 2 [2 8 ]. All  m o d el s a n d r el ati o n s hi p s  w er e  p erf or m e d a n d e v al u at e d i n  R [ 2 9 ]. Si g nifi c a n c e

w a s  d et er mi n e d at a n al p h a of  < 0. 0 5  wit h a t e n d e n c y  di s c u s s e d at a n al p h a  > 0. 0 5 a n d  < 0. 1 0.

Ta bl e 2. M o d el s el e cti o n f o r e v al u ati n g t h e n at u r e (li n e a r, a s y m pt oti c, o r q u a d r ati c) of t h e r el ati o n s hi p

b et w e e n  P A P a n d  p r o d u cti o n,  m at e r n al, a n d c a r c a s s  E P D s o n 1 2 – 1 8- m o nt h- ol d  A n g u s b ull s.  T o p

m o d el s r e f e cti n g t h e n at u r e of t h e r el ati o n s hi p b et w e e n  P A P a n d  E P D s a r e b ol d e d.

M o d el 1 K 2 A I C c 3 ∆ AI C c 4 5W i

C al vi n g  E a s e  Di r e ct
l n( C al vi n g  E a s e  Dir e ct) 4 3 3, 8 4 2. 8 6 0 0. 5 2

C al vi n g  E a s e  Dir e ct

( C al vi n g  E a s e  Di r e ct)2
4
5

3 3, 8 4 3. 0 4
3 3, 8 5 2. 7 8

0. 1 8
9. 9 2

0. 4 8
0

Bi rt h  Wei g ht
l n( Birt h  W ei g ht) 4 3 3, 7 9 1. 6 7 0 0. 7 6

Bi rt h  Wei g ht 4 3 3, 7 9 4. 0 3 2. 3 6 0. 2 3

( Bi rt h  Wei g ht)2 5 3 3, 8 0 1. 0 2 9. 3 5 0. 0 1
We a ni n g  Wei g ht

l n( W e a ni n g  W ei g ht) 4 3 3, 8 1 7. 0 8 0 0. 9 9
We a ni n g  Wei g ht 4 3 3, 8 2 5. 9 8 8. 9 1 0. 0 1

( We a ni n g  Wei g ht)2 5 3 3, 8 3 9. 9 4 2 2. 8 6 0
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T a bl e 2. C o nt.

M o d el 1 K 2 A I C c 3 ∆ AI C c 4 5W i

Ye a rli n g  Wei g ht
l n( Y e arli n g  W ei g ht) 4 3 3, 7 7 6. 6 0 0 0. 9 9

Ye a rli n g  Wei g ht 4 3 3, 7 8 6. 7 5 1 0. 1 6 0. 0 1

( Ye a rli n g  Wei g ht)2 5 3 3, 8 0 2. 3 4 2 5. 7 4 0
M at e r n al  Mil k

l n( M at er n al  Mil k) 4 3 3, 7 8 7. 2 6 0 0. 9 7
M at e r n al  Mil k 4 3 3, 7 9 3. 9 2 6. 6 7 0. 0 3

( M at e r n al  Mil k)2 5 3 3, 8 9 5. 8 5 1 8. 6 0 0
S c r ot al  Ci r c u mf e r e n c e

l n( S cr ot al  Cir c u mf er e n c e) 4 2 2, 4 1 3. 4 9 0 0. 6 3
S cr ot al  Cir c u mf er e n c e 4 2 2, 4 1 5. 0 5 1. 5 6 0. 2 9

( S c r ot al  Ci r c u mf e r e n c e)2 5 2 2, 4 1 7. 4 3 3. 9 4 0
Ri b e y e  A r e a

l n( Ri b e y e  Ar e a) 4 3 3, 8 0 0. 9 4 0 0. 9 1
Ri b e y e  A r e a 4 3 3, 8 0 5. 6 0 4. 6 6 0. 0 9

( Ri b e y e  A r e a)2 5 3 3, 8 1 4. 4 1 1 3. 4 6 0
M a r bli n g

l n( M ar bli n g) 4 3 3, 8 0 8. 4 9 0 0. 7 7
M a r bli n g 4 3 3, 8 1 0. 9 4 2. 4 5 0. 2 3

( M a r bli n g)2 5 3 3, 8 1 9. 9 1 1 1. 4 2 0
C a r c a s s  Wei g ht

l n( C ar c a s s  W ei g ht) 4 3 3, 8 0 5. 0 0 0 0. 9 7
C a r c a s s  Wei g ht 4 3 3, 8 1 2. 3 0 7. 3 1 0. 0 3

( C a r c a s s  Wei g ht)2 5 3 3, 8 2 7. 7 5 2 2. 2 5 0

1 Ye a r i s  u s e d a s a r a n d o m v a ri a bl e i n all  m o d el s, l n  =  N at u r al  L o g a rit h mi c  M o d el, ( x) 2 =  Q u a d r ati c  M o d el 2 K
i s t h e  n u m b e r of  p a r a m et e r s. 3 A k ai k e’ s I nf o r m ati o n  C rit e ri o n a dj u st e d f o r s m all s a m pl e si z e. 4 Diff e r e n c e i n
A k ai k e’ s I nf o r m ati o n  C rit e ri o n a dj u st e d f o r s m all s a m pl e si z e c o m p a r e d t o t h e b e st  m o d el. 5 A k ai k e  w ei g ht.

T a bl e 3. M o d el s el e cti o n f o r e v al u ati n g t h e eff e ct s of  p r o d u cti o n,  m at e r n al, a n d c a r c a s s  E P D S, f all

v e r s u s s p ri n g s al e, a n d a s s o ci at e d i nt e r a cti o n s o n 1 2- t o 1 8- m o nt h- ol d  p u r e b r e d  A n g u s b ull  P A P

s c o r e s.  T o p  m o d el s f o r e a c h  E P D a r e b ol d e d.

M o d el 1 K 2 A I C c 3 ∆ AI C c 4 5W i
6r 2 m 7r 2 c

C al vi n g  E a s e  Di r e ct
l n( C al vi n g  E a s e  Dir e ct) ×  s al e 5 3 3, 8 3 8. 1 8 0 0. 9 2 0. 6 2 % 1. 0 6 %

l n( C al vi n g  E a s e  Di r e ct) 4 3 3, 8 4 3. 0 4 4. 8 6 0. 0 8 0. 3 6 % 0. 8 1 %
C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 2 0. 6 9 0 0 % 0. 5 0 %
Bi rt h  Wei g ht

l n( Birt h  W ei g ht) 4 3 3, 7 9 1. 6 7 0 0. 7 3 0. 6 7 % 1. 1 0 %
l n( Birt h  W ei g ht) ×  s al e 5 3 3, 7 9 3. 6 5 1. 9 8 0. 2 7 0. 7 3 % 1. 1 5 %

C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 6 7. 2 1 0 0 % 0. 5 0 %
We a ni n g  Wei g ht

l n( W e a ni n g  W ei g ht) 4 3 3, 8 1 7. 0 8 0 0. 7 8 0. 1 6 % 0. 8 2 %
l n( We a ni n g  Wei g ht) ×  s al e 5 3 3, 8 1 9. 6 6 2. 5 9 0. 2 2 0. 2 1 % 0. 8 0 %

C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 4 1. 8 0 0 0 % 0. 5 0 %
Ye a rli n g  Wei g ht

l n( Y e arli n g  W ei g ht) 4 3 3, 7 7 6. 6 0 0 0. 7 7 0. 2 4 % 0. 9 2 %
l n( Ye a rli n g  Wei g ht) ×  s al e 5 3 3, 7 7 8. 9 6 2. 3 6 0. 2 3 0. 3 0 % 0. 9 2 %

C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 8 2. 2 8 0 0 % 0. 5 0 %
M at e r n al  Mil k

l n( M at er n al  Mil k) 4 3 3, 7 8 7. 2 6 0 0. 6 4 0. 0 0 8 % 0. 4 9 %
l n( M at er n al  Mil k) ×  s al e 5 3 3, 7 8 8. 4 4 1. 1 8 0. 3 6 0. 1 0 % 0. 5 6 %

C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 7 1. 6 2 0 0 % 0. 5 0 %
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T a bl e 3. C o nt.

M o d el 1 K 2 A I C c 3 ∆ AI C c 4 5W i
6r 2 m 7r 2 c

S c r ot al  Ci r c u mf e r e n c e
l n( S cr ot al  Cir c u mf er e n c e) ×  s al e 5 2 2, 4 1 5. 0 2 0 0. 5 0 0. 1 2 % 1. 5 0 %

l n( S cr ot al  Cir c u mf er e n c e) 4 2 2, 4 1 5. 0 5 0. 0 3 0. 5 0 0. 0 4 % 1. 3 0 %
C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 1 1, 4 4 3. 8 6 0 0 % 0. 5 0 %

Ri b e y e  A r e a
l n( Ri b e y e  Ar e a) ×  s al e 5 3 3, 8 0 0. 8 5 0 0. 5 1 0. 0 5 % 0. 5 3 %

l n( Ri b e y e  Ar e a) 4 3 3, 8 0 0. 9 4 0. 1 0 0. 4 9 0. 0 4 % 0. 5 3 %
C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 5 8. 0 3 0 0 % 0. 5 0 %

M a r bli n g
l n( M ar bli n g) 4 3 3, 8 0 8. 4 9 0 0. 5 3 0. 0 2 % 0. 5 1 %

l n( M ar bli n g) ×  s al e 5 3 3, 8 0 8. 7 1 0. 2 3 0. 4 7 0. 0 4 % 0. 5 1 %
C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 5 0. 3 9 0 0 % 0. 5 0 %
C a r c a s s  Wei g ht

l n( C ar c a s s  W ei g ht) 4 3 3, 8 0 5. 0 0 0 0. 7 2 0. 1 0 % 0. 6 8 %
l n( C ar c a s s  W ei g ht) ×  s al e 5 3 3, 8 0 6. 8 8 1. 8 9 0. 2 8 0. 1 7 % 0. 6 9 %

C o n st a nt ( n ull) 3 3 3, 8 5 8. 8 7 5 3. 8 8 0 0 % 0. 5 0 %

1 Ye a r i s  u s e d a s a r a n d o m v a ri a bl e i n all  m o d el s. l n  =  N at u r al  L o g a rit h mi c  M o d el. 2 K i s t h e  n u m b e r of  p a r a m et e r s.
3 A k ai k e’ s I nf o r m ati o n  C rit e ri o n a dj u st e d f o r s m all s a m pl e si z e. 4 Diff e r e n c e i n  A k ai k e’ s I nf o r m ati o n  C rit e ri o n

2 2a dj u st e d f o r s m all s a m pl e si z e c o m p a r e d t o t h e b e st  m o d el. 5 A k ai k e  w ei g ht. 6 M a r gi n al r . 7 C o n diti o n al r .

3. R e s ult s

T h e r e  w e r e n o si g ni f c a nt r el ati o n s hi p s b et w e e n b ull  P A P a n d S C  E P D ( T a bl e 3 ;

p = 0. 2 8 ; f all s al e: β  = − 0. 2 0 ±  0. 2 4; s p ri n g s al e: β  = − 0. 7 7 ±  0. 4 2),  Mil k  E P D ( p = 0. 5 1;

β  = 0. 2 8 ±  0. 4 5 ),  R E  E P D (p = 0. 1 7; f all s al e: β  = − 0. 4 7 ±  0. 5 8; s p ri n g s al e: β  = − 1. 0 7 ±  0. 7 7 ),

a n d  M a r b  E P D ( p = 0. 2 1; f all s al e: β  = − 0. 1 7 ±  0. 4 1; s p ri n g s al e: β  = − 0. 7 4 ±  0. 5 9).  T h e s e

m o d el s  m a y b e n o ni nf o r m ati v e a s t h e c o n f d e n c e i nt e r v al s of t h e eff e ct o v e rl a p 0.

T h e  C E D  E P D  di s pl a y e d a n a s y m pt oti c r el ati o n s hi p ( p < 0. 0 1) t o  P A P,  wit h c a n di d at e

m o d el s c o nt ai ni n g  C E D  E P D a n d s al e r e c ei vi n g 9 2 % of t h e r el ati v e s u p p o rt ( T a bl e 3 ; p < 0. 0 1 ,

f all s al e: β  = − 0. 0 6 ±  0. 0 2; s p ri n g s al e: β  = − 0. 1 5 ±  0. 0 3; Fi g u r e 1 ).  T h e s e  f n di n g s s u g g e st

b ull s  wit h g r e at e r  C E D h a d l o w e r  P A P s c o r e s.  T h e t o p  m o d el c o nt ai ni n g all t h e s u p p o rt e d

v a ri a bl e s h a d a c o n diti o n al r 2 = 1. 0 6 % a n d a  m a r gi n al r 2 = 0. 6 2 %, s u g g e sti n g t h at t h e  C E D

E P D a n d s al e o nl y a c c o u nt e d f o r 0. 6 2 % of t h e v a ri ati o n a s s o ci at e d  wit h  P A P.

Fi g ur e 1. P r e di ct e d r el ati o n s hi p ( ± 9 5 %  CI r e p r e s e nt e d i n t h e s h a d e d a r e a) b et w e e n  P A P s c o r e s a n d

C E D  E P D.  T hi s r el ati o n s hi p  w a s b e st r e p r e s e nt e d b y a l o g-t r a n sf o r m e d  m o d el.  C al vi n g e a s e  di r e ct

4 4 

4 0 

- 2 0 - 1 0 0 1 0 

P < 0. 0 1 

R 2 M ar gi n al = 0. 6 2 % 

R 2 c o n diti o n al = 1. 0 6 % 

2 0 
C al vi n g  E as e Dir e ct E P D, % U n assist e d  Birt hs 

-- F all S al e  • - • - • - S pri n g S al e 
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i s e x p r e s s e d a s a  diff e r e n c e  p e r c e nt a g e of  u n a s si st e d bi rt h s,  wit h a hi g h e r v al u e i n di c ati n g g r e at e r

c al vi n g e a s e i n  f r st- c alf h eif e r s.  T h e s oli d li n e r e p r e s e nt s t h e f all s al e h o st e d b y o p e r ati o n  A,  w hil e

t h e  d a s h e d li n e r e p r e s e nt s t h e s p ri n g s al e h o st e d b y o p e r ati o n  B.

F o r  B W  E P D, t h e r e  w a s  m o d el  u n c e rt ai nt y ( ∆ AI C c < 2;  T a bl e 3 ). H o w e v e r, t h e  B W

E P D b y s al e i nt e r a cti o n  di s pl a y e d a n a s y m pt oti c r el ati o n s hi p t o  P A P s c o r e s ( p < 0. 0 1; f all

s al e: β  = 1. 8 7 ±  0. 3 2; s p ri n g s al e: β  = 1. 6 8 ±  0. 3 2; Fi g u r e 2 ).  B ull s  wit h hi g h e r  B W  E P D s h a d

hi g h e r  P A P s c o r e s.  T h e t o p  m o d el c o nt ai ni n g all s u p p o rt e d v a ri a bl e s h a d a c o n diti o n al r 2

of 1. 1 5 % a n d a  m a r gi n al r 2 of 0. 7 3 %, s u g g e sti n g t h at bi rt h  w ei g ht a n d s al e o nl y a c c o u nt e d

f o r 0. 7 3 % of t h e v a ri ati o n a s s o ci at e d  wit h  P A P.

Fi g ur e 2. Pr e di ct e d r el ati o n s hi p ( ± 9 5 %  CI r e pr e s e nt e d i n t h e s h a d e d ar e a) b et w e e n  P A P s c or e s a n d  B W

E P D.  T hi s r el ati o n s hi p  w a s b e st r e pr e s e nt e d b y a l o g-tr a n sf or m e d  m o d el.  T h e  B W  E P D i s e x pr e s s e d i n

p o u n d s a n d  pr e di ct s t h e sir e’ s a bilit y t o tr a n s mit birt h  w ei g ht t o hi s  pr o g e n y.  T h e s oli d li n e r e pr e s e nt s t h e

f all s al e  h o st e d b y o p er ati o n  A,  w hil e t h e  d a s h e d li n e r e pr e s e nt s t h e s pri n g s al e h o st e d b y o p er ati o n  B.

A si n gl e t o p  m o d el c o nt ai ni n g t h e  W W  E P D r e c ei v e d 7 8 % of s u p p o rt a m o n g c a n di d at e

m o d el s i n di c ati n g t h e r e  w a s n o  diff e r e n c e b et w e e n s al e s ( T a bl e 3 ; p = 0. 0 1; β  = 1. 7 1 ±  0. 6 7;

Fi g u r e 3 . P ul m o n a r y a rt e ri al  p r e s s u r e s c o r e s i n c r e a s e d a s t h e  W W  E P D i n c r e a s e d.  T h e t o p

m o d el c o nt ai ni n g all t h e s u p p o rt e d v a ri a bl e s h a d a c o n diti o n al r 2 of 0. 8 2 % a n d a  m a r gi n al

r 2 of 0. 1 6 %, t h e r ef o r e s u g g e sti n g t h at t h e  W W  E P D o nl y a c c o u nt s f o r 0. 1 6 % of t h e v a ri ati o n

i n  P A P s c o r e s.

Fi g ur e 3. P r e di ct e d r el ati o n s hi p ( ± 9 5 %  CI r e p r e s e nt e d i n t h e s h a d e d a r e a) b et w e e n  P A P s c o r e s a n d

W W  E P D.  T hi s r el ati o n s hi p  w a s b e st r e p r e s e nt e d b y a l o g-t r a n sf o r m e d  m o d el.  T h e  W W  E P D i s

e x p r e s s e d i n  p o u n d s a n d  p r e di ct s t h e si r e’ s a bilit y t o t r a n s mit  w e a ni n g  w ei g ht t o hi s  p r o g e n y.  T h e r e

w a s  n o  diff e r e n c e b et w e e n t h e t w o s al e s.

4 5 P < 0. 0 1 

b 0 4 0 
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E 
E 
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4 4 R 2 c o n diti o n al- 0. 8 2 % 
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::r: 4 3 
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3 0 5 0 
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T h e  Y W  E P D  di s pl a y e d a n a s y m pt oti c r el ati o n s hi p ( p < 0. 0 1)  wit h b ull  P A P, a n d t h e

si n gl e t o p  m o d el r e c ei v e d 7 7 % of t h e s u p p o rt a m o n g t h e c a n di d at e  m o d el, s u g g e sti n g

t h e r e  w a s n o  diff e r e n c e b et w e e n s al e s.  P ul m o n a r y a rt e ri al  p r e s s u r e s c o r e s i n c r e a s e d a s  Y W

E P D s i n c r e a s e d ( T a bl e 3 ; β  = 2. 2 9 ±  0. 7 1; Fi g u r e 4 ).  T h e t o p  m o d el c o nt ai ni n g all s u p p o rt e d

v a ri a bl e s  h a d a c o n diti o n al r 2 of 0. 9 3 % a n d a  m a r gi n al r 2 of 0. 2 4 %.

Fi g ur e 4. P r e di ct e d r el ati o n s hi p ( ± 9 5 %  CI r e p r e s e nt e d i n t h e s h a d e d a r e a) b et w e e n  P A P s c o r e s

a n d  Y W  E P D.  T hi s r el ati o n s hi p  w a s b e st r e p r e s e nt e d b y a l o g-t r a n sf o r m e d  m o d el.  T h e  Y W  E P D i s

e x p r e s s e d i n  p o u n d s a n d  p r e di ct s t h e si r e’ s a bilit y t o t r a n s mit y e a rli n g  w ei g ht t o hi s  p r o g e n y.  T h e r e

w a s  n o  diff e r e n c e b et w e e n t h e t w o s al e s.

F o r t h e  C W  E P D, t h e r e  w a s  m o d el  u n c e rt ai nt y ( ∆ AI C c  < 2;  T a bl e 3 ). H o w e v e r, a n

a s y m pt oti c r el ati o n s hi p b e st  d e s c ri b e d t h e r el ati o n s hi p b et w e e n  P A P a n d t h e  C W  E P D

(p = 0. 0 3; f all s al e: β  = 0. 7 7 ±  0. 3 5; s p ri n g s al e: β  = 0. 6 5 ±  0. 3 5; Fi g u r e 5 ),  w h e r e P A P

i n c r e a s e d a s t h e  C W  E P D i n c r e a s e d.  T h e t o p  m o d el c o nt ai ni n g all s u p p o rt e d v a ri a bl e s h a d

c o n diti o n al r 2 of 0. 6 9 % a n d  m a r gi n al r 2 of 0. 1 7 %.

Fi g ur e 5. P r e di ct e d r el ati o n s hi p ( ± 9 5 %  CI r e p r e s e nt e d i n t h e s h a d e d a r e a) b et w e e n  P A P s c o r e s

a n d  C W  E P D.  T hi s r el ati o n s hi p  w a s b e st r e p r e s e nt e d b y a l o g-t r a n sf o r m e d  m o d el.  T h e  C W  E P D i s

e x p r e s s e d i n  p o u n d s a n d t h e  diff e r e n c e i n h ot c a r c a s s  w ei g ht of a si r e’ s  p r o g e n y c o m p a r e d t o t h e

p r o g e n y of ot h e r si r e s.  T h e s oli d li n e r e p r e s e nt s t h e f all s al e h o st e d b y o p e r ati o n  A,  w hil e t h e  d a s h e d

li n e r e p r e s e nt s t h e s p ri n g s al e h o st e d b y o p e r ati o n  B.
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4. Di s c u s si o n

O u r st u d y  u s e s  A n g u s s e e d st o c k  p e rf o r m a n c e- d ri v e n b ull s t o a s s e s s t h e r el ati o n s hi p

b et w e e n  p r o d u cti o n,  m at e r n al, a n d c a r c a s s  E P D s  wit h  P A P s c o r e s. Fi n di n g s f r o m t hi s st u d y

ai d i n c h a r a ct e ri zi n g t h e r el ati o n s hi p b et w e e n  p r o d u cti o n,  m at e r n al, a n d c a r c a s s  E P D s  wit h

P A P s c o r e s.  W hil e t h e r e h a v e b e e n st u di e s e st a bli s hi n g a r el ati o n s hi p b et w e e n  P A P s c o r e s

wit h a ct u al  p e rf o r m a n c e, s u c h a s bi rt h  w ei g ht a n d y e a rli n g  w ei g ht, t h e r e s ult s h a v e b e e n

c o n fi cti n g [ 1 6 ,2 1 ,3 0 ]. I n a d diti o n, i nf o r m ati o n e v al u ati n g t h e r el ati o n s hi p of  E P D s  wit h

P A P s c o r e s i s li mit e d.  T h e r ef o r e, i n t hi s st u d y,  w e c h o s e t o e v al u at e  P A P’ s r el ati o n s hi p t o

s p e ci f c  p r o d u cti o n,  m at e r n al, a n d c a r c a s s  E P D s.

T h e S C  E P D i s e x p r e s s e d i n c e nti m et e r s a n d i s a  p r e di ct o r of t h e  diff e r e n c e i n t r a n s mit -

ti n g a bilit y f o r s c r ot al si z e c o m p a r e d t o t h at of ot h e r si r e s.  T h e  Mil k  E P D i s a  p r e di ct o r of a

si r e’ s g e n eti c  m e rit f o r  mil k a n d  m ot h e ri n g a bilit y a s e x p r e s s e d i n hi s  d a u g ht e r c o m p a r e d

t o  d a u g ht e r s of ot h e r si r e s. I n o u r st u d y,  w e o b s e r v e d n o r el ati o n s hi p b et w e e n t h e S C  E P D

a n d t h e  Mil k  E P D t o  P A P s c o r e s.

T h e  M a r b  E P D i s e x p r e s s e d a s a f r a cti o n of t h e  diff e r e n c e s i n  U nit e d St at e  D e p a rt m e nt

of  A g ri c ult u r e  m a r bli n g s c o r e of a si r e’ s  p r o g e n y c o m p a r e d t o  p r o g e n y of ot h e r si r e s [ 1 0 ].

T hi s st u d y f o u n d n o si g ni f c a n c e b et w e e n t h e  M a r b  E P D a n d  P A P s c o r e s. I n c o nt r a st, a

p r e vi o u s st u d y s h o w e d l o w g e n eti c c o r r el ati o n ( < 0. 2 0) b et w e e n  P A P s c o r e s a n d  ult r a s o u n d

v al u e s f o r b a c kf at, r u m p f at, a n d i nt r a m u s c ul a r f at [ 1 1 ].

T h e  R E  E P D i s e x p r e s s e d i n s q u a r e i n c h e s a n d i s a  p r e di ct o r of t h e  diff e r e n c e s i n t h e

ri b e y e a r e a of a si r e’ s  p r o g e n y c o m p a r e d t o  p r o g e n y of ot h e r si r e s [1 0 ]. N o r el ati o n s hi p

w a s o b s e r v e d b et w e e n  R E  E P D a n d  P A P s c o r e s i n t hi s st u d y.  H o w e v e r, a  p r e vi o u s st u d y

yi el d e d c o n fi cti n g r e s ult s.  P a uli n g et al. o b s e r v e d a  m o d e r at e  p o siti v e g e n eti c c o r r el ati o n

( 0. 2 5 ±  0. 1 2) b et w e e n  P A P s c o r e s a n d  ult r a s o u n d ri b e y e a r e a v al u e s [ 1 1 ].  T h e r e s ult s f r o m

t h e  p r e vi o u s st u d y  m a y i n di c at e t h at si n gl e t r ait s el e cti o n f o r ri b e y e  m a y c a u s e a n i n c r e a s e

i n  P A P s c o r e s [ 1 1 ].

C al vi n g e a s e  di r e ct i s e x p r e s s e d a s a  diff e r e n c e i n  p e r c e nt a g e of  u n a s si st e d bi rt h s,

wit h a hi g h e r v al u e i n di c ati n g g r e at e r c al vi n g e a s e i n  f r st- c alf h eif e r s [ 1 0 ]. It  p r e di ct s t h e

a v e r a g e  diff e r e n c e i n e a s e  wit h  w hi c h a si r e’ s c al v e s  will b e b o r n  w h e n h e i s b r e d t o  f r st- c alf

h eif e r s [ 1 0 ].  L o o ki n g i nt o t h e r el ati o n s hi p b et w e e n  C E D a n d  P A P s c o r e s, t h e c u r r e nt st u d y

f o u n d t h at a s  C E D i n c r e a s e s, t h e  P A P  m e a s u r e m e nt s  d e c r e a s e.

T h e  B W  E P D i s e x p r e s s e d i n  p o u n d s a n d  p r e di ct s t h e si r e’ s a bilit y t o t r a n s mit bi rt h

w ei g ht t o hi s  p r o g e n y c o m p a r e d t o t h at of ot h e r si r e s [1 0 ]. Si mil a rl y, o u r c a n di d at e  m o d el

i n di c at e d t h at a s t h e  B W  E P D i n c r e a s e d,  P A P  m e a s u r e m e nt s al s o i n c r e a s e d.  P r e vi o u s r e-

s e a r c h  d e m o n st r at e d t h at bi rt h  w ei g ht  w a s  p o siti v el y a n d  m o d e r at el y g e n eti c all y c o r r el at e d

t o  P A P [1 6 ].  W h e n c o m p a ri n g t h e r el ati o n s hi p of  P A P s c o r e s  wit h a ct u al bi rt h  w ei g ht, it

s h o w e d t h at a s bi rt h  w ei g ht i n c r e a s e d,  P A P s c o r e s  di d a s w ell [ 1 6 ,2 1 ].

T h e  W W  E P D i s e x p r e s s e d i n  p o u n d s a n d  p r e di ct s t h e si r e’ s a bilit y t o t r a n s mit  w e a ni n g

g r o wt h t o  hi s  p r o g e n y c o m p a r e d t o t h at of ot h e r si r e s [ 1 0 ].  T h e r el ati o n s hi p b et w e e n  W W

E P D a n d  P A P s c o r e s s u g g e st e d t h at a s t h e  W W  E P D i n c r e a s e d, s o  di d  P A P s c o r e s.  T h e r e

h a v e b e e n c o n fi cti n g r e s ult s i n  p r e vi o u s r e s e a r c h a n al y zi n g t h e r el ati o n s hi p of  P A P t o

W W.  O n e st u d y o b s e r v e d n o si g ni f c a nt  p h e n ot y pi c c o r r el ati o n b et w e e n a ct u al  w e a ni n g

w ei g ht a n d  P A P m e a s u r e m e nt s [ 2 1 ],  w hil e a  diff e r e nt st u d y i n di c at e d t h at t h e  p h e n ot y pi c

c o r r el ati o n s h o w e d t o b e  p o siti v e b ut l o w ( 0. 0 2 ±  0. 0 3) [ 1 6 ].  G e n ot y pi c c o r r el ati o n s  w e r e

w e a k t o  m o d e r at e r el ati o n s hi p s b et w e e n  P A P s c o r e s a n d  w e a ni n g  w ei g ht s ( 0. 2 2 ±  0. 0 8;

0. 5 0 ±  0. 1 8) [ 1 6 ,3 0 ].

T h e  Y W  E P D i s e x p r e s s e d i n  p o u n d s a n d  p r e di ct s t h e si r e’ s a bilit y t o t r a n s mit y e a rli n g

g r o wt h t o  hi s  p r o g e n y c o m p a r e d t o t h at of ot h e r si r e s [1 0 ].  O u r st u d y s u g g e st e d t h at a s

Y W  E P D i n c r e a s e d,  P A P s c o r e s i n c r e a s e d.  T hi s r e s ult c o n fi ct e d  wit h  p h e n ot y pi c c o r r el a -

ti o n s  w hi c h i n v e sti g at e d t h e r el ati o n s hi p b et w e e n  P A P s c o r e s a n d a ct u al y e a rli n g  w ei g ht,
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and showed that as actual yearling weight increased, PAP measurements decreased [21].
Previous genotypic correlations have yielded conficting results. Two previous genotypic
correlations indicated that there is a weak genetic correlation between PAP and YW [11,30].
However, an earlier study concluded there was a strong, negative relationship between
actual yearling weights and PAP measurements [31].

Finally, the CW EPD, expressed in pounds, is a predictor of the difference in hot carcass
weight of a sire’s progeny compared to the progeny of other sires. Our results concluded
that as the CW EPD increased, PAP also increased. A previous regression analysis of actual
hot carcass weight and PAP suggested there was a negative relationship [14]. This indicated
that on average, high PAP steers (>49 mmHg) had a 15 kg decrease in carcass weight
compared to those steers who were grouped into low and moderate PAP categories [14].

While PAP was found to be associated with several performance, maternal, and
carcass EPDs, the amount of variation explained by these relationships is less than 1%,
individually. Pulmonary arterial pressure is a means to estimate heart–lung function, and,
in turn, heart–lung function is dependent on many factors, both genetic and environmental.
This can be illustrated in our study by evaluating the difference between conditional and
marginal r2, which represents the amount of variation explained by the year of testing,
one environmental variable that often explains as much or more of the variation of PAP
scores as the EPDs. Similarly, conficting results from previous studies may be due to
environmental, production, and management differences.

Three of the EPDs, CED, BW, and CW showed a difference between sales. This can
potentially be attributed to several factors including age at time of testing, management
strategies, and environmental differences. Operation A PAP tests their bulls at 18 months
of age compared to operation B which tests their bulls at 12 months of age. This 6-month
age gap could account for this differences in sale [1,12]. Additionally, differing manage-
ment strategies such as nutritional program, breeds, and genetics can cause differences in
PAP scores and heart–lung function [1,12]. Environmental factors such as elevation and
temperature at the time of testing can also infuence PAP scores [1,12]. All these factors
may contribute to the differences within sales.

However, our results suggest that selecting for greater growth and performance
using EPDs can result in greater PAP, whereas those bulls that experience greater actual
growth and performance have lower PAP scores [21]. This demonstrates the importance of
keeping heart–lung function in mind when selecting cattle as results indicate those cattle
with improved heart–lung function will capitalize on their genetic potential for growth
and performance.

Our study characterized the relationship between PAP and production, maternal,
and carcass EPDs in yearling Angus bulls; however, future studies are warranted to
address current study limitations including the inability to repeat individual bull PAP
tests to ensure repeatability and accuracy. Additionally, environmental conditions vary at
each operation and each year. Additional research regarding genetic and environmental
variations is warranted to further understand the impact of management strategies and
genetic selection regarding heart–lung function. Furthermore, research and development
to fnd a less invasive and more accessible measurement of PAP is needed to continue to
improve heart–lung function in beef cattle.

5. Conclusions
Heart–lung function continues to be a point of emphasis in the beef cattle sector. By

determining relationships between PAP scores and EPDs that are points of selection for
producers, we can better understand how these relationships can impact beef production in
high-elevation systems. It is important to keep heart–lung function in mind when selecting
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for growth and performance. This research showed signifcant relationships between PAP
and the CED, BW, WW, YW, and CW EPDs. However, these relationships explain very little
of the variation in PAP scores. Still, fndings from this study can help better understand the
importance of PAP in relation to growth and performance in high-elevation production
systems when determining an operation’s goals for management. This research provides
insight on the importance of selecting for heart–lung function to maximize growth and
performance of beef cattle which is critical as we move toward selecting for increased
growth and carcass weights.
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