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Building a 
Foundational Repro 

Program

Paul M. Fricke, Ph.D.
Professor of Dairy Science

Maslow’s Hierarchy of  Needs
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Dr. Fricke’s Hierarchy of  Repro Needs

$

Achieve Excellent Repro
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Council on Dairy Cattle Breeding
100,000 to 900,000 records/year

Decrease in Days Open 
from 2000 to today is 
NOT associated with  
reproductive genetics
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Council on Dairy Cattle Breeding
100,000 to 900,000 records/year

Increased Fertility
- Fertility Programs
- The High Fertility Cycle

Increased Service Rate
- TAI programs
- AAM technology
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49%
n=294

39%
n=284

SR=100%

SR=78%% pregnant cows at 110 DIM: 49 vs. 30
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22017 Awards

Award
100% 

TAI
100% 
EDAI

EDAI/TAI
+EDAI

+Resynch

Platinum 0 0 2

Gold 0 0 4

Silver 0 0 3

Bronze 0 0 4

Total 0 0 13

100% TAI 1st AI
+ EDAI
+ Resynch
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11

Pregnancy rate for the DCRC Platinum award 

winners from ranged 30% to 47%

Combining Fertility Programs and Estrus

Fertility 
Program
For 1st AI

Control VWP
100% submission

High fertility
Sexed semen

AI cows 
Returning to 

Estrus
Earliest nonpregnancy Dx

AAM or tail chalking

Nonpregnancy Dx
& Resynch for 

nonpregnant cows
Optimize resynch based on ±CL
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$

Get Your Herd into the 
High Fertility Cycle

Achieve Excellent Repro

Dr. Fricke’s Hierarchy of  Repro Needs

ThinEmaciated Average Fat Obese

1 2 3 4 5

 BCS is a noninvasive method for 
estimating fat stores in live cows.

 Define: Ratio between amount of  
fat to the amount of  nonfat matter 
(water, protein, ash) in the body of  
a living animal.

 Body condition change is an easy 
way to assess energy balance on 
farms. 

Body Condition Scoring

10

11



4/6/2022

6

Jack H. Britt
AABP 24th Annual Convention, 1992

n = 30 n = 46

n = 30 n = 46

Jack H. Britt
AABP 24th Annual Convention, 1992

CR = 62%

CR = 25%

12

13



4/6/2022

7

Jack H. Britt
AABP 24th Annual Convention, 1992

“The Britt Hypothesis”
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Does a change in BCS early postpartum 
affect fertility to TAI?

Cows losing more BCS early postpartum will have 
decreased fertility at first TAI

Maintained

% of  cows, BCS at calving and 21 DIM

BCS Change P-Value

Lost Maintained Gained BCS

% cows 42
(789/1887)

36
(675/1887)

22
(423/1887)

-

% Primi. 47
(373/789)

53
(356/675)

55
(233/423)

0.02

BCS at
calving 2.93±0.01ª 2.89±0.02ab 2.85±0.02b 0.005

BCS at
21 DIM 2.64±0.01c 2.89±0.02b 3.10±0.02a <0.001

BCS Δ -0.29 0.0 +0.25

ECM (kg/d)1 30.9±0.4 31.5±0.4 28.7±0.4 0.3

1From calving to 21DIM
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P/AI to Double-Ovsynch
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40 d after TAI 70 d after TAI

Lost Maintained Gained

BCS change: P < 0.001
Parity: P < 0.001

789 789675 675

25.1c
22.8c

38.2b
36.0b
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%

)

83.5a

78.3a

423 423

BCS change: P < 0.001
Parity: P < 0.001

Unpublished Analysis
Megan Lauber, MS student

Dry off  
BCS

Calving Fresh 
BCS

1st service

- 60 
DIM

0
DIM

30
DIM

60
DIM

BCS change
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Pregnancy outcomes, d 32

33

44
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Pregnancy outcomes, d 60
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Pregnancy Loss, d 32-60
15
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n = 151 n = 205 n = 223 n = 183

Question:
How can we get cows to gain 
BCS after calving?
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BCS change from 21 days before 
calving to 21 days after calving

Effect of  BCS Change on Health Events
Barletta et al., 2017; Theriogenology 104:30-36.

Event Lost Maintained Gained

50% 
(116/234)

22%
(52/234)

28%
(66/234)

Metritis 23% 21% 20% 

Mastitis 29%b 17%a,b 17%a

Ketosis 27% 19% 15%

Pneumonia 15% 12% 9%

>1 Event 63%b 46%a 39%a
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66 6652 52
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53a

46a

116 116

P/AI to TAI after a fertility program
Barletta et al., 2017; Theriogenology 104:30-36

Overall, 50% of  cows lost BCS from 21 d 
before to 21 days after calving
Barletta et al., 2017; Theriogenology 104:30-36
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Question:
How can we get cows to gain 
BCS after calving?

Answer:
Avoid calving over-conditioned 
cows!

31

32



4/6/2022

15

ThinEmaciated Average Fat Obese

1 2 3 4 5

Re-think BCS targets
2001 BCS Recommendations: 

Calving: 3.25 to 3.75
Early: 2.50 to 3.25
Mid: 2.75 to 3.25
Late: 3.00 to 3.50

Dry Off: 3.25 to 3.75

Too High!

Use Fertility Programs

76 DIM

176 DIM

Parity 21-d Preg Rate Service Rate P/AI

All cows 31% 66% 50%
Primiparous 41% 70% 61%

Multiparous 29% 65% 47%

VWP = 76 d
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BREDSUM By Times Bred
January, 2019 to January, 2020

90%
pregnant
after 3 AI

$

Optimize Heifer 
Development

Get Your Herd into the 
High Fertility Cycle

Achieve Excellent Repro

Dr. Fricke’s Hierarchy of  Repro Needs
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Heifers!

Weight or Wait? How Defining 
Breeding Eligibility of Heifers 
Impacts First Lactation Milk 
Production

M. R. Lauber, M. S. Akins, 
P. D. Carvalho, and P. M. Fricke
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Data Set

• Data extracted from DC305 files from a Holstein 
herd milking 6,692 cows

• Breeding age heifers were inseminated primarily 
based on age 

• Heifers with gestation lengths <250 and >300 days 
were removed from the analysis

• Percent mature body weight (%MBW) was 
determined by weighing 3rd and 4th lactation cows 
(n = 75) at 30 to 40 DIM

• First lactation cows were weighed at 30 DIM and 
grouped into quartiles based on body weight (lb)

L
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c
ta

ti
o

n

HeiferCalf

0 12 18 24 30 36 42 48

Age (months)

Heifer Development
Birth

Puberty (9 mo)

Nonlactating

Conception (14 mo)

Age at 1st calving:
24 mo

Primiparous

1st Lactation

1st Calving 2nd Calving

Multiparous

2nd Lactation

Mature body weight (MBW) = weight of  3rd+ lactation cows (1,500 lb)
Average daily gain 1.8 lb/day

Breeding target = 55% MBW = 825 lb
Weight target postcalving = 85% MBW = 1,275 lb

39

40



4/6/2022

19

GRAPH AGEFR FOR LACT=1

M.R.Lauber

~80%
21-22 mo

21 22 23+

Weight Quartiles by Age at First 
Calving (AFC)

AFC = 21 mo
n = 782

AFC = 22 mo
n = 846

AFC ≥23 mo
n = 652

Wt (lb) %MBW Wt (lb) %MBW Wt (lb) %MBW

Q1 1,098 72 1,135 75 1,168 77

Q2 1,186 79 1,221 81 1,265 84

Q3 1,256 83 1,287 85 1,338 89

Q4 1,373 91 1,397 92 1,461 97

MBW = 1,510 lb. (n = 75 , 3rd+ Lactation 30-40 DIM) 

Lauber et al., 2021. J. Dairy Sci. 104(Suppl 1):(270).
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Relationship between age at first calving 
and milk production at 4, 8, and 12 wk
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Lauber et al., 2021. J. Dairy Sci. 104(Suppl 1):(270).
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Heifer weight quartiles

Weight Quartile

Q1 Q2 Q3 Q4

n 570 570 570 570

Mean weight 
(lb)

1,126 ± 2 1,220 ± 0.9 1,292 ± 0.9 1,412 ± 2.9

Weight 
range (lb)

936 – 1,185 1,185 – 1,255 1,255 – 1,335 1,335 – 1,641

% MBW 74.6 80.8 85.6 93.5

Age at First 
Calving (mo)

21.6 21.9 22.1 22.2

MBW = 1,510 lb (n = 75, 3rd+ Lactation 30 to 40 DIM) 

≥ 85% MBW

Lauber et al., 2021. J. Dairy Sci. 104(Suppl 1):(270).
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Relationship between weight quartile and 
milk production at 4, 8, and 12 wk

a
b c

d
a

b b
c

a
b b
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AFC P = 0.66
Weight P < 0.0001

AFC P = 0.82
Weight P < 0.0001

AFC P = 0.84
Weight P < 0.0001

Lauber et al., 2021. J. Dairy Sci. 104(Suppl 1):(270).
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PLOT WMLK1 FOR LCTGP=1 BY WTG

WTG 10 = 
Lightest weight 

WTG 13 = 
heaviest weight

M. R. Lauber

PLOT WMLK1 FOR LCTGP=2 BY WTG

WTG 10 = 
Lightest weight 

WTG 13 = 
heaviest weight

M. R. Lauber
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PLOT WMLK1 FOR LCTGP=3 BY WTG

WTG 10 = 
Lightest weight 

WTG 13 = 
heaviest weight

M. R. Lauber

$
Sexed & 

Beef Semen

Optimize Heifer 
Development

Get Your Herd into the 
High Fertility Cycle

Achieve Excellent Repro

Dr. Fricke’s Hierarchy of  Repro Needs
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Inseminations in Holstein Females

AgSource 2020
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Inseminations in Jersey Females

AgSource 2020
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Commercial Application of Sexed 
Semen in Holstein Heifers
DeJarnette et al., J. Dairy Sci. 91:459; 2008 (Abstr.)
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AI service number

Conventional Sex-Sorted

83.9%
of 

Conv.

80.1%
of 

Conv.

49 herds from Jan, 2005 to Jan. 2008; 41,398 sexed semen AI services.
Sexed semen resulted in ~45% CR and ~90% female calves in Holstein heifers.

83.3%
of  

Conv.

Heifer
Repro!
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6 25

213
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537,938 inseminations
362,512 heifers

2,668 herds

Mean CR: 

57%

49%
(348/711)

52%
(359/696)

59%
(420/711)

P/AI, 60 d
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Estrus ≥ 24 h before TAI
Masello et al., 2019; Silva et al., 2015

CIDR insert

GnRH PGF2∝ GnRH + TAIPGF2∝

27% to 33% 
early estrus

Experiment 1
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PRID Delta 6 days

G1 PGF

72 h

5 Days
G2+TAI

PGF

G1 PGF

PRID Delta 5 days

72 h

5 Days
G2+TAI

PGF

5-d PRID-Synch

6-d PRID-Synch

Treatments

12

1
0

10

20

30

40 5-d PRID-Synch 6-d PRID-Synch

P < 0.01
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%
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Early Estrus

Effect of treatment on early 
estrus before TAI

230 234
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56 5556 54
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Effect of treatment on 
Pregnancies per AI

Experiment 2
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Collaborating Farms

• Three farms in south-central WI  

• Nulliparous Holstein heifers (n = 828)

• Once-daily detection of  estrus with tail 
chalk

Farm

A B C

Heifers 1,434 815 805

Cows 643 1,061 879

ME305 14,266 12,452 14,600

-6                      -1         0        1     2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84
Day of  Study

EDAI
Detection of  estrus and AI

PGF2∝

5-d CIDR-Synch

GnRH

CIDR

Detection of  estrus and AI

PGF2∝PGF2∝ GnRH + TAI

6-d CIDR-Synch

CIDR

Detection of  estrus and AI

GnRH PGF2∝ PGF2∝ GnRH + TAI
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Heifer Demographics
Treatment                                     

Item 5-d CIDR 6-d CIDR EDAI P - value

n 255 254 227

Wt1 (kg) 425.86 ± 2.13 423.54 ± 2.20 420.15  ± 2.24 0.29

Age2 (d) 401 ± 0.92 400 ± 0.92 400 ± 0.77  0.43

1 Weight in kg of  nulliparous Holstein heifers on d 0
2 Age in days at enrollment (d -6)

28
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Early estrus ≥ 24 h before TAI (d 1)

n = 254

P < 0.0001

n = 255
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P/AI d 64 ± 5 d after AI
Overall

52a

45b 45b
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n = 255 n = 254 n = 227

Treatment  P = 0.10
P = 0.07

P/AI 64 ± 5 d after AI
TAI vs. Early Estrus
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Treatment P = 0.06
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Days to First AI

P < 0.001

5-D CIDR: 1.72 ± 0.03
6-D CIDR: 2.00 ± 0.004

EDAI: 10.21 ± 0.86

Days to Conception

5-D CIDR: 17.14 ± 1.57
6-D CIDR: 19.42 ± 1.52

EDAI: 27.20 ± 1.76

P < 0.0001
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Partial Budget Analysis

Treatment

Cost per pregnancy, 
US$

EDAI
n = 181

CIDR5
n = 225

CIDR6
n = 218

P- value

Hormonal treatment 4.05 ± 0.38a 22.29 ± 0.36b 21.85 ± 0.36b < 0.0001 

Detection of  estrus 3.04 ± 0.19a 2.03 ± 0.18b 2.18 ± 0.17b < 0.0001 

Semen and AI 70.50 ± 2.47 69.78 ± 2.37 72.02 ± 2.28 0.39 

Pregnancy diagnosis 9.55 ± 0.24 9.50 ± 0.14 9.42 ± 0.13 0.42 

Feed 82.79 ± 3.01a 50.10 ± 2.73b 56.84 ± 2.56b < 0.0001 

Total per pregnancy 169.92 ± 5.55a 153.26 ± 5.36b 162.75 ± 5.03ab 0.04 

- $16.66$153.26 - $169.92

Feed Cost Sensitivity Analysis
Difference in Cost per Pregnancy by 84 d
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Hypothesis:
Induction of  ovulation (G2) 
earlier relative to TAI in a 

Double-Ovsynch protocol will 
result in more P/AI

Inseminating 
later relative to 
the onset of 
activity yielded 
increased 
fertility with 
sexed semen
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Collaborating Farms

• Three locations: 
• Nebraska, Ohio, Wisconsin

• Primiparous cows only (n = 730)

• All farms submitted cows for first 
Timed AI using a Double-Ovsynch 
protocol
• Farm A: 6,650 cows; ME305 = 11,318 kg. 
• Farm B: 1,800 cows; ME305 = 12,954 kg.
• Farm C: 2,260 cows; ME305 = 14,091 kg.

Standard Double-Ovsynch Protocol
G2 to TAI = 16 h

Sun Mon Tue Wed Thu Fri Sat

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

G2
p.m.

TAI
a.m.

G2-16

82
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Modified Double-Ovsynch Protocol
G2 to TAI = 24 h

Sun Mon Tue Wed Thu Fri Sat

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

G2
a.m.

TAI
a.m.

G2-24

50 48
44

41
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Days after TAI
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-6% -7%

Effect of  Treatment on 
Pregnancy Outcomes

P = 0.05
P = 0.03

n = 373 n = 357 n = 370 n = 355
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Standard Double-Ovsynch Protocol
First Lactation Holsteins

Sun Mon Tue Wed Thu Fri Sat

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

G2
p.m.

TAI
a.m.

PRID

PGF2⍺PGF2⍺GnRH GnRH 
(PM) 

TAI

16 h
Conv
SS-16

SS-22 22 hPRID

PGF2⍺PGF2⍺GnRH GnRH 
(PM) 

TAI

d - 10 d - 3 d - 2 d -1 d 0

d - 10 d - 3 d - 2 d -1 d 0

86

87



4/6/2022

39

61a

49b 51b

0

10

20

30

40

50

60

70

Conventional Sexed Semen-16
(SS-16)

Sexed Semen-22
(SS-22)

P
/A

I (
%

)

n = 722 n = 734 n = 708

Relative P/AI:            80% 84%

$
Sexed & 

Beef Semen

Optimize Heifer 
Growth and Repro 

Get Your Herd into the 
High Fertility Cycle

Achieve Excellent Repro

Dr. Fricke’s Hierarchy of  Repro Needs
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Thank you!
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