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Modelling lactation curves:
Non parametric curves
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Parametric curves
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Polynomials

y=a+bt+ct2 +dtd ...
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legendre polynomials
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Splines

https://en.wikipedia.org/wiki/Spline_(mathematics)

Different types: linear, quadratic, cubic, natural, ...

4 knots
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Lactation records:
o Actual lactation records or 305d lactation records

(0]

o

often based on +/- 10 monthly test dates
= trait used in the genetic evaluation

Test day records:

(0]

o

o

Direct analysis of production at each test date

No loss of accuracy when extrapolating a lactation
No need to standardize / correct for lactation length
No need to exclude very short lactations [ less bias

Not a problem if missing test records or if larger intervals
between tests
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‘Herd x year (2010)
‘Month of calving (October)
‘Age at calving (in months or in class)

7337 kg
‘Additive genetic effect

‘Permanent environment effect
‘Days between calving and successful Al

 Herd x test date(15/05/2011)

* Month of production (May)*

* Age at test date*

224 kg — - Genetic effect*

* Permanent environment effect*

* Number of days in gestation
- Stage of lactation

* Other model options exist (see later)
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Each effect influences a particular test on a particular day
rather than the whole lactation.

- e.g.: the weather on a particular day of test influences production of all
cows in the same « contemporary group »

and this group changes at each test date
- the stage of gestation has an effect only when the cow is actually

FoP&3CR dbservation (test date), a particular effect can

change
- e.g.: the age class changes by +1 month at each test date.

An effect can change depending on the stage of lactation

- e.g.: the influence of the month of production may be different between
the lactation peak or at the end of lactation

[1 All this will reduce the (unexplained) residual variance
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kg of milkkg

Shape of lactation curve

Base curve: accounts for stage of lactation

>

DIM = stage of lactation
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Shape of lactation curve

Genetic effect

kg of milkkg

S stant genetic effect

- ~ variable genetic effect

[IDifference Iin persistency

>

DIM = stage of lactation
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Shape of lactation curve

Gestation effect

kg of milkkg

= == [0t pregnant
not pregnant (constant effect

pregnant after 80 days

>

DIM = stage of lactation
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Shape of lactation curve
Herd

herd 2

base curve

herd 1

>

DIM = stage of lactation
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Examples: herd x test date, lactation number, age on
test date or at calving, stage of gestation, length of
dry period

Some effects are assumed constant over the
lactation, others vary during lactation

Options: assume additive effects or interactions
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ExamplL of interactions

Age at calving
2 year old
3 year old

X

Season of calving

July-December

YRV,

2 year old

3 year old

2 year old
X July-December

3 year old
x July-December
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Example of additivity

base curve +

T~

constant effect

2 year

+ variable effect

o\ /

\\/
herd 1

Curves
for combinations
of effect
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Constant genetic effect over the lactation : not realistic

= (only the environmental part is described by
curves). Abandoned almost everywhere ...

Constant genetic effect over parts of the lactation, for example
within each month of lactation but different from one month to the next.

= (production during each month = 1 distinct trait)
Useful to check results from random regression models. Heavy computing.

Continuous genetic variation during the lactation
the genetic effect is described as linear function of DIM
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Varying genetic effect :

Change in persistency
A genetic value per day, per month?

Summarize the information in a curve, with a limited number of
parameters

possibility to summarize the curve to 2 parameters (an average over
the lactation + a measure of persistency)

Persistency . how to measure It?

difference between two dates (e.g., day 60 and
280)

Production ratio (independent from level of
production

e.g., prod 1-100 days / prod 101-200)
If simple curve: juste the slope of the curve
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Random regression models

Varying genetic effects :
- A genetic value per day, per week, per month?

- Summarize the information into a curve, with a limited number of
parameters

Accounts for change in persistency
A

g w
©
]
&
= Ut > DIM
E o| 50 100 150 200 250 300
o
2
-2 kg
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kg of milk (per day)

e.g., production on day 60 / production 280

= 0 for these three animals...
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How to measure persistency?
e.g., slope between two dates?

2
U ~~~~~
© Rt
Q NNNN
; +0 \ L\~ /\
= \/ I ~ae_
qa -~ -y
2
"< 60 d 280 d 300 d

- From very good to very bad for this animal, depending on the
dates
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Example of breeding values

kg of milk (per day)

kg of milk from day 0 to25

16k
-33kg 2

-2 100 d 200 d 300 d

P305 = -6 kg
P100-200 = -115 kg
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Example of breeding values

kg of milk (per day)

-2 100 d

-33kg

kg of milk from day 0 to25

-16kg

200 d

-10kg

300d

Persistency 1: diff 105-205 = 0, diff 95-195 = 0.64-(-1.32)= -1.96 kg /day

Persistency 2= “20-300+3_f3
y PO—100+f1 f1

igthe average prod for the whole population from 0 and 100d3

from 200 a 300 d
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Genetic, permanent environment and residual variances

(and therefore heritability) change over the lactation and
between lactations!

Also the correlations between genetic effects vary between
different periods of the lactation

Assume a (Legendre) polynomial with 5 parameters
for the genetic and permanent environment part
+ one residual variance / month of lactation

3 lactations => 2 x [(5 x 4) /2] +10 = 30 (co)variance
components !

[1 Large computing times and memory requirements
Data sets sometimes too small and/or non representatives
[Iheritabilities and correlations possibly strange
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variance in cg?

Example: variances in first
lactgtion

1000

800

600 Residual

400 \ GenetiC
Permanent

200 — environment
Herd x year

0 . y

5 55 105 155 205 255 305
days en lactation
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Heritability in first lactation

0.40

0.30 /
0.20
V

0.10

55 105 155 205 255 305 DIM
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1.00

0.80

0.60

0.40

0.20

0.00

\\

305d
290 d

230 d
155 d

80 d

20 d
5d

305 DIM
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*  Curves region x lact x effects*
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ce 2 [Eia

i L & L \t ’
Montbéliarde Normande Holstein
(in millions) (in millions) (in millions)
Lactations 6,63 571 37,81
TD (initial) 39,05 37,25 256,86
TD (L1413 selection 1) 27,33 24,88 170,55
TD (L1413 selection 2) 26,17 23,44 167,47
Nb evaluated animals 1,77 1,76 11,86

Selection 1 = cows born after January 1 1988, known sire,

stage of lactation between 7 and 335 days, known birth date,
recorded in L1,

Selection 2 (iterative) minimum number= 3 TD per cow (envt perm),

3 TD per test day (HTD), 30 TD per herd
x year (HY),

250 TD per class of lactation curve, 100
TD per year class cst
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3-year calving vs 2-year
calving = + 730 kg of
Milk

= 40 mois en +
* 38 - 39 mois
+ 36 - 37 mois

+ 34 - 35 mois
/ e 32 - 33 mois

+ 30 - 31 mois
28 - 29 mois
A 26 - 27 mois

Corrected for " 24-25mols
+ 22 - 23 mois
all other effects

:::i IN?A vincent.ducrocq@inra.fr Test day models Tygl] November 20242017
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4.0

3.0

2.0

3 (en kg

[HEN
D

Corrected for all other
effects including herd
management

-1.0 -

production i

-2.0 A

-3.0

Shape and amplitude of the lactation curve vary according
to month of calving and lactation number

-4.0

janv févr mars avr mai juin juil aolt sept oct oct nov déc janv févr mars avr mai juin juil aolt sept oct

=INRA

Month of calving
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! [actation 1 Lactation 2 Lactation 3
001
9.1,0. -1.2 kg
i -1.6 kg . -1.7T kg
: v -2.2 kg
g3 v
i -3.1 k -3.2 kg
ol
2
* Hoken
504 * Montoearde
* Nomande
¥ ] wén 1:;0 wén zw‘n 240 m i 12‘1 wéu wé[ i 24‘0 i 0o mou

stade de gestation (&n jours)

Large difference between
Normande vs Montbéliarde and
Holstein
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O Troupeau jour de contréle 0 mois vélage (effet positif)
0 age au vélage (effet positif) O tarissement (effet positif)
Gestation (effet negatif) mois vélage (effet negatif)
age au vélage (effet negatif) tarissement (effet negatif)

[0 Genetique O Environnement Permanent

A
%5 T,
0, o,
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1 Troupeau jour de contréle [ 1mois vélage (effet positif)

[0 age au vélage (effet positify [Ttarissement (effet positif)

| Gestation (effet negatif) mois vélage (effet négatif)

age au vélage (effet négatif) EZZtarissement (effet négatif)

1 Genétique 1 Environnement Permanent
# Production réelle

P
O/
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test day model
Implementation:
on milk production data
from BAIF field
Clotilde Patry (2012)
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Effects included in the model

FIXED - Contemporay group : « Center — Month —
Year » instead of « herd — test date »

Genetic type (% crossbreeding)
1 Lactation curve per lactation number

RANDOM - Permanent environment effect (cow x lactation
number) : repeatability
RANDOM . Genetic effect of interest: sire effect

Main problem: many recorded cows with
unknown sire
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Data analysis: a 2-step model

STEP 1: consider all HF crossbreds
> Estimation of the contemporary group effect
+ permanent environment effect

STEP 2: Only records of daughters from sires with > 5
daughters

> Genetic evaluation based on records corrected for the
contemporary group and permanent environmental effects

[1 Get estimated breeding values for sires
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LR
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WOMBAT

Aprogram for
Mixed Model Analyses
by Restricted
Maximum Likelihood

USER NOTES

Karin Meyer

‘Animal Genetics and Breeding Unit,
University of New England
Armidale, NSW 2351,

AUSTRALIA
kneyer.agbudgnail.con
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After deletion for ~125,000
Inconsistencies, missing
information

> 5 records / lactation ~120,000
> 5 daughters/sire ~38,000

EE? INQA vincent.ducrocq@inra.fr

—= SCIENCE & IMPACT

Test day models

6,675

~6,600
>2,200

> 400

> 400

95
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25 3 35 4 45 5
2-month period
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