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Management Barriers 
to High Fertility 

Paul M. Fricke, PhD
Professor of Dairy Science

Outline

• Effect of mastitis on fertility
• Fuenzalida et al., 2015

• The High Fertility Cycle
• Heat stress and reproduction
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Introduction
The specific 
mechanisms by which 
mastitis affects 
reproduction remain 
unclear
• Cytokines could lead to 

induction of  PGF2α
release and induce an 
early luteolysis of  corpus 
luteum, thus jeopardizing 
establishment of  
pregnancy (Hansen et al., 2004).

Figure adopted from 
Hansen et al., 2004
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Herd Characteristics

Table 1. Descriptive characteristics of  enrolled cows (n = 3,164) from 4 
Wisconsin dairy herds

SCC
(cells 

per mL)

Milk 
yield (kg 
per cow)

Use of  
TAI (%)P/AI (%)

Used for 
analysis

Enrolled 
in the 
study

Eligible 
for the 
study

Number 
of  cows 
per herdFarm

51,823b46.1b93.9c39.0a8888899131,429A

47,492ab46.0b87.6b44.7b9659811,0171,382B

44,723a48.6c99.5d48.7b734735761817C

72,639c43.0a57.6a38.6a557559586750D

51,78846.186.742.93,1443,1643,2774,378Overall

Breeding Risk Period

Calving AI
Pregnancy 
diagnosis

3 d before AI 32 d after AI
using US

Breeding risk period (BRP)
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Microbiological analysis

• UW Milk quality laboratory 
(NMC, 1999)

• Microbiological diagnosis 
was defined at the quarter 
level

• Bacteria were identified at 
the species level

• An intramammary 
infection was  defined as 
the isolation of  100 cfu/ml 
of  identical colonies

MJ1

Microbiological diagnosis of  quarter milk samples from clinical mastitis 
cases (n=279) occurring during the Breeding Risk Period on 4 WI dairies
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MJ1 Staph aureus was defined with at least 10 cfu/ml
María Josesita, 7/13/2014
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Relationship between P/AI and Severity and Etiology of  CM
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Effect of mastitis on fertility
• Mastitis events occurring during the breeding 

risk period have a profound negative effect on 
fertility

• Prevention and control of mastitis is essential 
for high fertility
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• A total of 687 primiparous Holstein cows from 1 dairy 
farm were included in a matched case-control study.

• Mastitis before breeding was not associated with 
pregnancy loss. 

• The odds of pregnancy loss were 2.21 times greater in 
cows affected with clinical mastitis during gestation 
compared with cows without mastitis.
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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%
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Jack H. Britt
AABP 24th Annual Convention, 1992

“The Britt Hypothesis”

Four Studies: 
Relationships among changes in body condition score (BCS) 
or body weight during the transition period and subsequent 
reproductive performance in lactating dairy cows

• Carvalho et al., 2014 
J. Dairy Sci. 97:3666-3683 

• Barletta et al., 2017
Theriogenology 104:30-36 

• Middleton et al., 2019
J. Dairy Sci. 102:5577-5587

• Lauber and Fricke, 2024
J. Dairy Sci. 107:2524–2542
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Does Body Weight change early 
postpartum affect embryo quality?

Cows losing more BW early postpartum will have poor 
embryo quality

Maintain
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Materials  & Methods

71 lactating dairy cows from 1 farm were
Synchronized and superstimulated for 1st

service

19
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PGF2α

hCG

7 Days

Embryo 
Collection

Follicular 
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AI 12h and 24h 
after hCG
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US USBS
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NEFA concentrations
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Group P = 0.11
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Group x Week P = 0.002

Week Postpartum
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Embryo Characteristics

Quartile

P-value
First Q
Gain

Second Q
Maintain

Third Q
Lost

Fourth Q
Lost + 

0.6716.0 ± 2.019.0 ± 1.718.4 ± 1.718.4 ± 2.6CL (no.)

0.9978.4 ± 7.177.6 ± 7.677.0 ± 6.676.9 ± 7.1
Fertilized 
embryos (%)

0.1463.4 ± 8.660.6 ± 9.461.3 ± 8.238.0 ± 8.7
Quality 1 & 2 
embryos (%)

0.029.6 ± 3.7b14.5 ± 6.3b12.6 ± 4.6b35.2 ± 8.5aDegenerate 
embryos (%)

0.0577.7 ± 7.4b72.6 ± 9.5b78.3 ± 6.6b48.4 ± 9.5aQual 1 & 2 of  
Fertilized (%)

0.0416.2 ± 7.0b,B24.8 ± 9.3ab,A17.4 ± 6.4b,B46.9 ± 9.6a,ADegenerate of  
Fertilized (%)
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• Cows from 91 dairy herds were 
sampled for NEFA and BHBA 
prepartum (n = 1,164) or 
postpartum (n = 1,095).

• Cows with NEFA concentrations > 
0.27 mEq/L resulted in 16% 
decreased risk of conception within 
70 d after the VWP (P = 0.05). 

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
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% of  cows, BCS at calving and 21 DIM

P-ValueBCS Change

BCSGainedMaintainedLost

-22
(423/1887)

36
(675/1887)

42
(789/1887)

% cows

0.0255
(233/423)

53
(356/675)

47
(373/789)

% Primi.

0.0052.85±0.02b2.89±0.02ab2.93±0.01ª
BCS at
calving

<0.0013.10±0.02a2.89±0.02b2.64±0.01c
BCS at
21 DIM

+0.250.0-0.29BCS Δ

0.328.7±0.431.5±0.430.9±0.4ECM (kg/d)1

1From calving to 21DIM

P/AI to Double-Ovsynch
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Case Study Extreme Example
A nutritionist called me about a 450-cow dairy with severe repro 
problems
• 21-d Pregnancy Rate: 8%

– <20% = poor

– 21% to 25% = OK with room for improvement

– 26% to 30% = excellent

– >30% = outstanding

• 21-d Service Rate: 33%
– Goal: >60%

• Conception Rate: 39% overall
– No sexed semen used in lactating cows

– CR is difficult to benchmark; many factors are involved

– Goal: 45% to 55%

Far-Off  Dry Cows

27
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Early Lactation Cows

Unpublished Analysis
Megan Lauber, PhD Candidate

Dry off  
BCS

Calving Fresh 
BCS

1st service

- 60 
DIM

0
DIM

30
DIM

60
DIM

BCS change

7,000-cow dairy in the upper Midwest
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Demographics by BCS change

BCS Change from Dry off  to 30 DIM

Q4
n = 449

Q3
n = 650

Q2
n = 672

Q1
n = 608 

0 to 0.75-0.25- 0.50-1.5 to -0.75BCS Change

0.04 ±0.01-0.25 ± 0-0.50 ± 0-0.84 ± 0.01
BCS Change
(Mean ± SEM)

2.73 ± 0.062.86 ± 0.53.07 ± 0.053.47 ± 0.06
Parity
(Mean ± SEM)

108113117117Week 8 Milk (lbs)

1.19 ± 0.011.21 ± 0.011.25 ± 0.011.30 ± 0.02
1st F:P Ratio
(Mean ± SEM)

Pregnancy outcomes, d 32
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Pregnancy outcomes, d 60

25

35

42

50

0

10

20

30

40

50

60

Q1 (-1.5 to -0.75) Q2 (-0.50 ) Q3 (-0.25) Q4 (0 to 0.75)

P
re

g
n

a
n

c
ie

s 
p

e
r 

A
I (

P
/A

I)
 %

BCS Change

n = 510 n = 521 n = 586 n = 349

Pregnancy Loss, d 32-60
15

9
8

2

0

2

4

6

8

10

12

14

16

Q1 (-1.5 to -0.75) Q2 (-0.50 ) Q3 (-0.25) Q4 (0 to 0.75)

P
re

g
n

a
n

cy
 L

o
ss

  %

BCS Change

n = 151 n = 205 n = 223 n = 183

33

34



9/17/2025

18

Question:
How can we get cows to gain 
or maintain BCS after 
calving?

BCS change from 21 days before 
calving to 21 days after calving

35
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Effect of  BCS Change on Health Events
Barletta et al., 2017; Theriogenology 104:30-36.

GainedMaintainedLostEvent

28%
(66/234)

22%
(52/234)

50% 
(116/234)

20% 21%23%Metritis

17%a17%a,b29%bMastitis

15%19%27%Ketosis

9%12%15%Pneumonia

39%a46%a63%b>1 Event
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P/AI to TAI after a fertility program
Barletta et al., 2017; Theriogenology 104:30-36
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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 
or maintain BCS after 
calving?

Answer:
Avoid calving over-conditioned 
cows!

Question:
How can we avoid calving 
over-conditioned cows?
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Effect of  previous calving interval 
on BCS at calving
Middleton et al., 2019; J. Dairy Sci. 102:5577-5587
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Effect of  previous calving interval 
on BCS change calving to 30 DIM
Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

Effect of  BCS change on health 
events
Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

7 Health Events 
Retained placenta, twins, dystocia, ketosis, 

displaced abomasum, pyometra, metritis
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Effect of  BCS change after 
calving on fertility to first TAI
Middleton et al., 2019; J. Dairy Sci. 102:5577-5587

More 
pregnancy 

loss
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Experimental Design
Sexed and Conventional Beef Semen

Enrollment

Treatment

TotalEDAIDOSemen

544227317Beef 

742344398Sexed

1,286571715Total

336 primiparous and 950 multiparous Jersey cows

The decision to inseminate cows with sexed vs. beef  
semen was made by the farm. Mated cows were then 
randomized to treatment within each semen type. 
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Effect of  postpartum BCS change on P/AI

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!
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BCS Change – Old Paradigm
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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

Double-Ovsynch for first TAI

SatFriThuWedTueMonSun

GnRH

PGF

GnRH

GnRH

TAIGnRHPGFPGF
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7 Days

G1 PGF G2

16 h

TAI

Pre-

G1

56 hPGF G2
16 h

TAI

CL+

25-32 d
After TAI

32-39 d After AI
Pregnancy 

Diagnosis with US

Resynch for 2nd

and greater TAI

P4 Insert

PGF

56 hCL-

24 h 32 h

24 h 32 h7 d

TAI for First Three Inseminations

76 DIM

176 DIM

P/AIService Rate21-d Preg RateParity

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

47%65%29%Multiparous

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

90%
pregnant
after 3 AI

BREDSUM 21-Day Preg Risk
April, 2004 to April, 2005
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91%
pregnant
after 6 AI

BREDSUM By Times Bred
April, 2004 to April, 2005

Take-Home Messages

1. Body condition score change during the 
periparturient period has a profound effect on 
reproductive performance

2. Get your herds into the High Fertility Cycle!
• Implement a reproductive management strategy that 

gets cows pregnant quickly after the end of  the 
voluntary waiting period

• Culling strategies
• Grouping strategies
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Effects of Heat 
Stress on 
Reproduction in 
Dairy Cows 19, 2022

Paul M. Fricke
Professor of Dairy Science

Maintenance of Body 
Temperature in Dairy Cattle

Homeothermy:
HP + EH = HL

Hyperthermia:
HP + EH > HL

Environmental
Heat (EH)

Heat Loss to
Environment (HL)

4 methods:
1) Conduction
2) Convection
3) Radiation
4) Evaporation

Internal Heat
Production (HP)

Metabolism:
1) Growth 
2) Lactation
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Effects of Heat Stress
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Athens, WI
(latitude 45° 07’; longitude 90° 20’)

Figure 1. Effect of mean high 
ambient temperature on pregnancy 
rates to timed AI (TAI) by month. 
Pregnancy rate per artificial 
insemination (PR/AI) represents all 
Ovsynch and Resynch TAI services 
during each respective month. 
Numbers above bars are the total 
number of TAI services for each 
month. Temperature data 
represents the mean high daily 
temperature at the time of TAI 
for all TAI services occurring each 
month. Cows had greater (P = 0.05) 
pregnancy rates during fall and 
winter months compared to summer 
months.

68 F
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Critical Events During Early Pregnancy

Fertilization

P-valueThermoneutralHeat-stressed1Item

<0.00183 (54/65)37 (7/19)Fertilized (%)

0.11042 (27/64)20 (4/20)Viable (%, grades 1 & 2)

0.9813.19 ± 0.303.14 ± 0.46Embryo stage

0.7662.62 ± 0.182.75 ± 0.49Embryo quality

0.54849.5 ± 5.037.2 ± 12.2Nuclie/embryo

1Cows were classified as heat-stressed when rectal temperatures were ≥39 °C at AI. 
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Effects of Heat Stress
Effects on 
Late Follicular 
and Early 
Embryonic 
Development

Hansen et al., 1992.
In: Large Herd Dairy Management

Milk yield in the first (a; n = 108), second (b; 
n = 54), and third (c; n = 19) lactation of  
daughters (F1) born to dams under cooling
(CL; access to fans, shade, and water 
soakers) or heat stress (HT; only access to 
shade) during late gestation (~46 d). 

All daughters had access to active cooling 
(e.g., shade of  a freestall barn,
fans, and water soakers) during their first, 
second, and third lactations.
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Milk yield in the first 
lactation of granddaughters 
(n = 23) of  cows that were 
exposed to cooling (CL; 
access to fans, shade, and 
water soakers; n = 16) or 
heat stress (HT; only access 
to shade; n = 7) while 
pregnant (~last 46 d) with 
their mothers. 

Thus, the mothers 
experienced heat stress or 
cooling through the 
intrauterine environment 
the last 46 d of gestation.
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Annual economic loss (millions of  
dollars) associated with extra heifer 
rearing costs, reduced productive 
life length, and milk yield of  
daughters born to dams exposed to 
heat stress during late gestation (F1) 
for the top 24 states with the most 
dairy cows, and Florida, the state 
with the most heat stress days per 
year. 

Collectively, in the United States, the
economic losses for additional 
heifer rearing cost, reduced 
productive life, and reduced milk 
yield of  the F1 offspring were 
estimated at $134, $90, and $371 
million per year, respectively.

General 
Considerations

 Water intake can 
increase by nearly 50% 
during severe heat 
stress

 Keep water fresh and 
clean

 Make water available 
immediately to cows 
after returning from the 
parlor after milking

Water
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Shade
Pregnancy rates were 44% for cows 
maintained in shade in the summer in 
Florida versus 25% for cows not given 
access to shade (Roman-Ponce et al., 1977)

Chihuahua, Mexico

Fans

 Increase cooling by 
convection 

 However, air 
temperature must be 
lower than the cows 
body temperature for 
effective cooling to 
take place
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Sprinkling systems in 
combination with fans 
improve evaporative 
and convective cooling 
of  cows 

Sprinklers and 
Fans +

Managing Heat Stress – Timed AI 
De la Sota et al., Theriogenology 49:761;1998

P <Timed AIControl AIResponse
0.05148156n

0.0513.9  2.64.8  2.5Pregnancy rate (%)

0.05100.0  0.018.1  2.5Estrus detection or 
service rate (%)

0.0513.2  3.622.9  6.4Conception rate (%)

0.0527.0  3.616.5  3.5Overall pregnancy rate 
to 120 d (%)

0.0577.6  3.890.0  4.2Days open

0.051.63  0.101.27  0.11Services per conception

0.0558.7  2.191.0  1.9Days to first AI
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Timed AI and Heat Stress
De la Sota et al., Theriogenology 49:761;1998

Cumulative pregnancy rates in lactating dairy cows receiving their 
first postpartum insemination in summer (Florida) as a timed AI or 
an AI to a detected estrus

Embryo Transfer
Percentage of  cows 
pregnant after artificial 
insemination or embryo 
transfer using fresh 
flushed embryos on day 
7 during summer in 
Florida. 13.5%

29.2%

0
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10
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25
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35

AI (n=524) ET (n=113)

% 
Pregnant

Data adapted from Putney et al., 
Theriogenology 31:765; 1989
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Pregnancy loss
d 40 to calving (%)

Pregnant cows
97 d (%)

Pregnant cows
40 d (%)

Synch 
cows

All cows 
Synch 
cows

All cows
Synch 
cows

All cowsTreatment

143143479563485569n

111123a17a25a18aAI

262628a26b32a29bET-V

202039b36ac46b42cET-F

a-cWithin a column, percentages with different superscripts differ (P < 0.05)
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9/17/2025

44

Live heifers born
(%)

Live calves born 
(%)

Calves born
(%)

Synch 
cows

All cows 
Synch 
cows

All cows
Synch 
cows

All cowsTreatment

113113466550466550n

50a50a20a15a20a15aAI

73b73b19a17a22a20aET-V

79b79b30b28b34b31bET-F

a-cWithin a column, percentages with different superscripts differ (P < 0.05)

Thank you!
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