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High tech solutions to low tech
problems?

e Lack of skilled labour

 Cost of labour
* Lack of desire to train and supervise people

 Technology should be
e More accurate
 Faster/sooner
* More objective
e Cheaper
» Replace humans vs. increase the efficiency of human labour



Pros and cons

Advantages and potentials

« Consistent, objective detection
of estrus

* Decision support for when to
Inseminate ... moreover whether
to Inseminate

Drawbacks and limitations

 Proprietary algorithms

« Lack of published, large-scale
validation

e Lack of integration across
streams of data and systems

* Lack of specific, validated
guidance on response to alerts

* Herd-level performance data



Which data are useful?

> 120 Values/cow/day from the robot:
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+ combinations of all of the above ...
+ combinations with calendar + health events
+ combinations with external data points .....

Per Quarter:

- Yield contribution
- Teat position

- Pre Milk Time

- Milk Time

- Conductivity

- Color




Progesterone (ng/ml), Relative activity (% deviation)
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Friggens & Lovendahl 2008 (Fertility in Dairy Cows)



Production and Estrus Behaviour

Lower Higher

Producers producers
n 177 146
DIM 96 91
Milk kg/d 33.5 46.4
Duration of estrus 109 £+ 0.7 h 6.2 +£05h <0001
No. Times mounted 88 £ 0.6 6.3+0.5 001
Duration of standing 282 +19s 217 +13s  .001
n 40 31
Follicular diameter 17 £ 0.2 mm 19+ 03 mm .004
Serum estrogen 8.6 £ 0.5 6.8 £ 0.5 01

Lopez et al ARS 2004




Heat Detection Accuracy

 Proportion of cows presented for Al that are not in heat (P4 > 1
ng/ml)
 Based on visual detection:

e 15% (Sturman et al 2000)
* 19% (Nebel et al 1987)

 Based on observation of standing only
* 5% (Grimard et al 2006)

 Based on tail chalk in large freestalls or dry lots
* 6% (0 to 14% between herds; Dalton & Ahmadzadeh, 2010)

* In tie stalls using only secondary signs (small study)
» 22% (Ranasinghe et al 2009)



Example activity data from 1 cow

Cow activity (count/2 hours)

Cow activity (count/2 hours)
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Example data from 1 cow

number of steps

False alert

(based on True estrus
1200 1 (based on
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Nedap; Roelofs et al 2005



Heat detection by activity

 Baseline activity varies
between cows

e Each cow compared to
her own average over 7 —
10 previous days

e Compared to analogous
time of day

At heat, typically 2X to
5X Increase; 2 to >3.5 SD

SCR

A

above the mean 01000

14:00-16:00 20:00-22:00 02:
04/09/2011 08/09/2011 13)

Date and Time



System

Nedap
(leg)
Alpro
(neck)

Rescounter II
(neck) (West-
Surge)

AFI

(leg)

AfiAct (> 50
DIM)

SCR
(neck)

SCR
(neck)

SCR-HR

Black = using commercial algorithms

3674

141
135

158

211

146

245

187

Freestall
AMS

Freestall
VMS

Pasture
+2-3.5SD

Freestall +
yard

Freestall
Freestall +
yard

Pasture

Freestall

+2-3.5SD
79-87
56-84

81-90
79-94

63

85

59

72

88 (if 6-8 h > +5 SD)

77

Grey = using researchers’ algorithms

96 - 99.6

98
90-97

(32% false +)
(22% false +)

Performance of activity systems

63-95

74-76
40-65
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84

Roelofs 2005
Lovendahl &
Changunda 10

Hockey 2010

Holman 2011

Chanvallon 2014

Holman 2011

Aungier 2012

Chanvallon 2014



Activity-meter

References Number of oestrus™ (type of animals and herds) attached to Efficiency (%)" Speaficity® Accuracy”
De Mol et al 1997 N = 537 (lactating dairy cows housed in free stall) Leg B1-91° 9698 %" ND
At-Taras and Spahr 2001 N = 46 (lactatng dairy cows housed in free stall) Leg B3-8T ND ND
N = 53 80 (lactating dairy cows housed in free stall) Leg T9-91= ND ND
Cavahen et al. 2003a N = 43 530 (lactating dairy cows) Leg 81 ND 28 %
Roelofs et al. 2005h N = 63 (lactating Holstein cows housed in free stall) Leg T9-BT 97-100%" 6594 %"
Sakaguchi et al. 2007 N = 10 (Holstein heifers grazing on pasture) Neck 10-100" ND 20-100%"
N = 12 (Holstein heifers housed in open paddock) Leg 10-100" ND 24-100%"
N = 23 (Holstein heifers housed in tie stall) Neck 26-92' ND 37-100%"
Leg 75-100" ND 36-100%"
Neck 0-91' ND 0-50%"
Leg 1396 ND 35-100%"
Lovendahl and N = 3674 (lactating Holstem, Jersey and Red Neck S6—-84° 96-100%" ND
Chagunda 2010 Dane cows and heifers housed in free stall)
Hockey et al. 2010 N = 141 (lactatmg damry, 80% Holstemn, cows Neck 79-91° 9098 %" 40-73%"
housed in paddock and calved year-round) Neck B7-94° 9098 %" 41-76%"

N

135 (lactatmg Holstein cows grazing

on pasture and calving seasonally)

“Mon-synchronized oestrus otherwise specified by SO for synchronized oestrus.

hElHuii:m.'}' {or sensitivity or detection rate) = number of cows n oestrus detected /number of cows m oestrus x 100,
“Specificity = number of cows in dioestrus not detected/number of cows in dioestrus x 100,

"m_'uuruu:,' (or positive predictive value) = number of correct oestrus detections/number of correct + false-positive oestrus detections x 100.
*Values vary depending on the threshold used in the algorithm to define an increase in activity as an oestrous period.

"Values vary depending on the threshold and the reference period used in the algorithm to define an increase in activity as an oestrous period.

St-Dizier & Chastant-Maillard 2012



Combination of activity and

PPV

observation
Method n estrus Sensitivity
events

Observation only 23 57 (35-77)

(5 x 10 min/day)

KAMAR 67 57 (44-69)

SCR 146 59 (51-67)
SCR + 44 75 (60-87)
observation

AFI 158 63 (55-71)
AFI + 43 74 (59-87)

observation

93 (66-99)

61 (48-73)
94 (86-94)
92 (78-98)

74 (46-79)
68 (53-81)

1 herd: freestall + yard; Holman et al VetRec 2011




Duration of activity signals can
Improve accuracy
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Rumination

* HR tag (SCR Inc)

e Uses a microphone to detect cud
movement sounds

* Validated against visual
observationr =0.92 - 0.96
(Schirmann et al 2009)
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Activity and rumination at estrus

Change
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Change in daily rumination time at
estrus

 Reith & Hoy JDS 2102

» 265 estrus events that resulted in pregnancy from 224 cows in 4
AMS herds in Germany.

 SCR HR tags



Change in daily rumination time at estrus

e Mean RT days -3,-2,-1,1,2,3 =

429 + 107 min
e Herd mean varied between 385 0
and 480 min/d o . _
e Mean A day -1 to estrus = -67 Y
mln é 350
e Herd mean varied between 60 and Zw o abe 4 e b
94 min; -81 £ 16 min; -18 + 4% (vs. R R
-3 to +3d)

Reith & Hoy JDS 2102



Activity and lying time at estrus (Afi PedoPlus)

Rest Time (minutes)

Activity (Steps/hr)




Estrus detection in tie stalls

e Pilot study Wynands & Leslie, U of Guelph research herd
* n = 58 cows over 3 months
* Tie stalls with milking parlour

 Afi PedometerPlus (steps + lying behaviour) estrus alert vs. milk
P4 twice weekly

 Accurate detection = alert on day of milk P4 < 0.5 ng/ml £ 2 d

N = 119 estrus events and 3344 'non-events'. Sensitivity = 66%,
specificity = 95% PPV = 30%



Change in herd performance after
implementing activity monitors

60

» 44 freestall herds

o 12-month metrics 1
year before and 1
year after
implementation of
AAM (after > 6 mo
adaptation period)

Percent

J. Dairy Sci. 98 2801-2811
\{.\) "% http://dx.doi.org/10. 3158f|d 2014-8221

* ©AmecaDryS ', 2015

Reproductive management practices and performance of Canadian
dairy herds using automated activity-monitoring systems

R. C. Neves and S. J. LeBlanc'

Department of Population Medicine, University of Guelph, Ontario, Canada N1G 2W1




Field study| *

.‘sCll Ne

By (‘."\:( J. Dairy Sci. 95:5683-5693
5\.-- f’, http://dx.doi.org/10.3168/jds.2011-5264
-.’/ & © American Dairy Science Association®, 2012.

Reproductive performance with an automated activity monitoring
system versus a synchronized breeding program

R. C. Neves,* K. E. Leslie,* J. S. Walton,t and S. J. LeBlanc*’

*Department of Population Medicine, and
TDepartment of Animal and Poultry Science, University of Guelph, Ontario, Canada N1G 2W1

* Objective: compare reproductive performance
between management programs based on
activity monitors or based on synchronization and

timed Al
 Methods

* 3 herds over 1 year
e Random assignment of pens for 6 months

» Heatime (SCR) vs. Ovsynch

Neves et al JDS 2012




Survival Distribution

Results - Overall

Time o preghancy

1.00 o, eee AHD °®* TAl
Median: 122 d (AAM)
0.751 137 d (TAI)
P=0.19
0.50
0.251
0.00 . . . . .
0 50 100 150 200 250

Days to Pregnancy Neves et al JDS 2012



Median Days to Pregnancy

200 -
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m Automated activity monitor
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_ 174
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All inseminations  Herd
(including visually
based)

Only program assigned
inseminations

Neves et al., 2012



Activity vs. Timed Al

e n = 1025 cows; 1 herd in Wisconsin
 SCR Heatime

GnRH PGF GnRH TAI
Activity before VWP Activity + Al 7d 86h 16N
TAG ‘ ‘
Treatment 1 . . . BS
GnRH PGF GnRH TAl
No activity before VWP ‘ Activity + Al ‘ 7d .55 h __16h
BS
TAG PGF PGF GnRH PGF GnRH TAIl
Treatment 2 @ O O ‘ Activity + Al ‘ 74 O S6h .15 h.
BS
TAG PGF PGF GnRH PGF GnRH TAl
Treatment 3 . O O ‘ Activily no Al ‘ 7d .56 h.15_h.
BS
DIM 1023 2443 31£3 39£3 9313 653 72£3 75£3 79+£3 893

Fricke et al JDS 2014



Presynch Ovsynch with Al to activity

Fricke et al., 2014; J. Dairy Sci. 97:2771-2781

Cows inseminated to activity
69% of cows
P/Al at 35 d = 29% (n=230)

Calving PGF PGF GnRH PGF GnRH TAI
l ', Activity ', l l l,
. /

DIM 39+3 53%3 65+3 72%3 75%3

I

Cows without activity receiving TAl
31% of cows
P/Al at 35 d = 35% (n=105)

Faul M. Fricke, Ph.D




Presynch Ovsynch with 100% TAlI

Fricke et al., 2014; J. Dairy Sci. 97:2771-2781

Cows with activity receiving TAI
70% of cows
P/Al at 35 d = 41% (n=232)

l l

Calving PGF PGFA . thRH PGF GnRH TAI
ctivity bu

] 2 5.8 8 3

Y /

DIM 39+3 H3%3 65+3 72%3 75%3

l

Cows without activity receiving TAI
30% of cows
P/Al at 35 d = 32% (n=99)

Foul M. Fricke, Ph.D




Cows not inseminated (%)
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Recent research

* What are the attitudes and reproduction
management practices on Canadian dairy
farms, and are they associated with
performance?

* How accurate are AAM estrus signals?

* What is the optimal interval from heat
signal to AI?

e Do timed insemination or use of AAM for
1st Al result in similar performance?

Survey

Field
Study

Clinical
trial




RESPONDENTS

» 832 questionnaires (= 7% response rate)
* Access to DHIA data: 548 respondents

« External validity (canadian Dairy Information Center, 2014)
* All provinces
* Median of 55 [Holstein] milking cows (IQR =40 - 88)
* 61% tiestall, 37% freestall, 2% bedded pack barns



Reproduction Management

in Canada
Reproduction Used it U;::ed for > 5.0% of
management Inseminations
Visual heat detection 89% 50%
Timed Al 81% 21%

Automated activity

239 109
monitoring (AAM) system 3% 0%
Bull 6% 2%
Combined practices - 17%

unpublished data, survey 2014
(n=832)



TIESTALL FREESTALL

MAIN REPRODUCTION MANAGEMENT

VISUAL TIMED AUTOMATED COMBINED
ESTRUS ARTIFICIAL ACTIVITY PRACTICES
DETECTION INSEMINATION MONITORING

[40%} [ 17%} [ 27%} [ 16%}
[52%} {36%} { 1% J (11%}



REPRODUCTIVE PERFORMANCE

* Pregnancy rate (PR)
17.6 £5.4 %

o)
b

o
5

* Insemination rate (IR)
441 £ 11.6 %

A
i

NUMBER OF FARMS
N
o

» Conception risk (CR)

0 6 12 18 24 30 0
PREGNANCY RATE (%) 40.5 £ 8.9 %

o
1



Pregnacy rate (%)

Reproduction Management
and Reproductive Performance
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ESTRUS DETECTION TOO

All respondents

(n=2821)
“ [ ] [ ] L] L[ ] [ ] Barn e
It is difficult to identify _
(n=321)
- b}

cows In estrus Tiesall
(n =494)
Reproductive
management practice
B Strongly disagree VED
[J Disagree o (n=441)

[J Neutral opinion
1 Agree Timed Al
B Strongly agree (n=239)
AAM

(n = 94)




Use of Hormones

B Disagree [ No opinion Bl Agree

Routine use of synchronization
programs is acceptable...

For my herd.
Othe

1
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TAI

To consumers.
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Use of Hormones

B Disagree " No opinion Bl Agree

Use of synchronization
programs will decrease cow
fertility in the long term.

1
0 20 40 60 80 100

Automated activity monitoring
systems can eliminate the need
for synchronization programs.




Estrus Detection Intensity and
Accuracy, and Optimal Timing of
Insemination with Automated
Activity Monitors for Dairy Cows

Craig Leroy, John Walton, Stephen LeBlanc

e DAIRY A%
at GUELPH

IRl CANADA'S DAIRY UNIVERSITY
IMPROVING LIFE




When to inseminate based on activity?

Sperm 24-30h

OPTIMAL TIMING
13.16 h Prim

0-12 h Multi
Stevenson et al., 2014
6-17h Ovulation
Maatje et al., 1997 _
0 5 10 15 20 25 30 35 40

Hours after activity threshold



Methods

e 4 commercial farms, May 2014 — August 2015
« 2 with AfiAct (Afikim) 2 with Heatime HR (SCR Inc.) system
« All data transferred at milking only

« Cows inseminated 55 to 80 DIM based on AAM only, then
supplemented with timed Al (TAI)



Data collection

Weekly Sample Collection

Calving Week 5 Week 7 Week 9 Inseminations throughout lactation
(Day 0) (Day 32-38) (Day 46-52) (Day 60-66)
-P4 -P4 -P4 P4 on day of AAM alarm or Al
- Metricheck -BCS
- Lameness

Activity Only
55-80 DIM

¢ ) ——

Activity and TAI

>80 DIM




Methods

n = 1014 cows with P4 samples at weeks 5, 7, 9 postpartum
Activity data from AAM software for 1399 Al

* Blood samples were collected on the day of Al
e Ovucheck plasma ELISA for P4

« Validated for [P4] and classification < or > 1 ng/ml (Broes & LeBlanc,
2014)

« LOQ =0.55ng/ml

If all weeks 5, 7,9 P4 < 1 ng/ml = anovular
If ALP4 > 1 ng/ml = not in estrus
Producers recorded the time of Al



Data processing and analysis

» Onset of estrus was calculated using the same (AfiAct) or similar (for
the proprietary SCR algorithm) data processing criteria as the AAM

system
* Alert time taken as the end of milking for each farm
 Alert to Al interval classified as 0 -8, 8 - 16, 16 — 24 h

* Multivariable logistic regression models of the odds of

 Detection of estrus by 80 DIM
P4 >1 ng/ml at Al
» Pregnancy/Al relative to the time of Al

 Covariates: Parity; 15t and 2"d DHIA vyield, %F, %P
* No AAM system or farm interactions



Results - Estrus detected by 80 DIM

« AAM detected 83% (overall mean) of cows in estrus by 80
DIM (n = 1014)

Variable
Multiparous 70%
Purulent vaginal discharge (week 5) 68%
Anovular (week 9) 62%

BCS < 2.5 AND lame (week 7) 53%



Results — Accuracy of Insemination

40 | P=0.001 17% of AAM-

signalled estrus
events not
Inseminated
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o un
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n =445 n=323 n=389
Activity TAI Not Inseminated

% P4 > 1ng/ml




Results — Accuracy
All AAM alerts combined

20
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a0 12 9%
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Activity TAI



2739 inseminations
recorded

2066 based on
activity not TAl

139 Interval 1593 haq Complete » 55 Interval
<0h ' baseline data > 24h




Predicted Probability of
Pregnancy per Al (%)

Results — Optimal timing of Al

P =0.006
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n=133 n=105 n=214

n=180 n=443 n=324
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Oto 8 8to 16 16 to 24
Time after activity monitor alert (h)

@ Primiparous O Multiparous



Automated activity monitoring system
compared to Double Ovsynch for first
insemination in dairy cows

José Denis-Robichaud, Ronaldo Cerri,

ONYERSTY DAIRY‘ Andria Jones-Bitton, and Stephen LeBlanc
pmat GUELPH

CANADA’'S DAIRY UNIVERSITY




Objective

To compare reproductive performance of cows
managed with an AAM system or with a Double

Ovsynch program for first Al

Ovsynch if no
AAM alarm

Enrolment
50 (¥3) DIM

Double Ovsynch (Al at 85 +3 DIM




Descriptive

e 2 free-stall herds in Ontario
e 520 and 600 cows in lactation

* AAM system: BouMatic and AfiFarm

* 849 cows (35% first, 64% second + lactation)
 401in the Double Ovsynch group
® 448 in the AAM group
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Pregnancy at 1°* Al

Management Pregnant (%) OR' 95%Cl P-value
Double Ovsynch 33.9 Ref.
AAM 29.3 0.8 0.6-1.1 0.18

Management *
herd

0.05

1 Logistic regression model adjusted for and parity
Interaction management * herd



THERE WAS A - B AAM system
DIFFERENCE BETWEEN B Double Ovsynch
HERDS IN THE RELATIVE
PERFORMANCE OF THE
TREATMENT AT FIRST
INSEMINATION
(INTERACTION: P= 0.05)

adjusted for herd, and parity

50-
40-
30-
20-
10-

% cows pregnant at first Al

Herd 1 Herd 2



Pregnancy at 838 DIM

Management Pregnant (%) OR' 95%Cl P-value
Double Ovsynch 33.9 Ref.
AAM 40.1 1.3 0.9-1.7 0.11

Management *
herd

0.02

1 Logistic regression model adjusted for and parity
Interaction management * herd



Pregnancy at 88 DIM
Interaction management * herd

Management Pregnant (%) OR 95%Cl P-value
Herd 1

Double Ovsynch 31.4 Ref.

AAM 44.4 1.8 1.2-2.7 0.01
Herd 2

Double Ovsynch 36.6 Ref.

AAM 34.9 0.9 0.6-1.3 0.58

Similar to Neves et al. 2015,
and Dolecheck et al. 2016



AND AT 88 DIM
(INTERACTION; P=0.02)

adjusted for herd, and parity

601 B AAM system
B Double Ovsynch

% cows pregnant by 88 DIM
('S}
T

Herd 1 Herd 2



Time to pregnancy

e Cox proportional hazard model adjusted for farm and parity,

interaction management * days to pregnancy

* Median times to pregnancy:

Cows not pregnant (%)

1001

80+

60+

40-

20

0

== Double Ovsynch
— AAM

45

70

95

120

145

170 195
Days in milk

Double Ovsynch
118 (110 — 129) days

AAM
110 (101 - 117) days



Summary

o Activity meters are a viable tool for reproductive management
e Economics to be determined case-by-case

* AAM can detect estrus for first Al in just over the length of 1
estrus cycle for over 80% of cows
* The remainder would likely require intervention (i.e., synchronization for
timed Al)
» For multiparous cows, Al based on AAM once per day would not
affect pregnancy per Al

e For first lactation cows, Al within 8 h of the onset of estrus may
be advantageous

* Variables that influence performance in different herds need
more research



DAIRY CATTLE

REPRODUCTION
COUNCIL

We are science-based, non-profit organization whose goal

is to improve dairy cattle reproductive performance.

We deliver information and learning opportunities to
producers, advisors, suppliers, and veterinarians
in support of dairy cow fertility and health.

We encourage and recognize high achievement in
dairy herd reproductive performance.

DCRC

dcrcouncil.org



