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1

Introduction

As part of its own research work or in partnership with ONIRF3\, UMR BIOEPAR used the first
generation "ECOMAST" simulatdrhis simulatomwasdeveloped internally ansglas launcheduring the
thesis on "Eante evaluation of the economic efficiency of programs to contrahatnanary iréctions in

dairy cattle farmingHortet, 2000) This simulatordedicatedd dairy herd managemearidto thetechnical

and economic impagbf mastitiswas designeas adatabase associated with a simulation engine designed
to implement treatments.

Its renewalwas decided in 20Xfom the functional aalysis of the previous version. The previous version
hasbeen updatedf a generic and open conceptual model designed according to the "XP" agile methodology,
andwhichfully useshe performances of the latest programming langaadésols.

This simulatomwas designetd comparemanagemerstrategies in hahl disorders andeproductionin a
dairy cattle herd, in terms diseasdrequencyfood consumption animal performance and dairy cattle
technical and economic results.

The present document, divided into two main chapters, aims to introduce the furemtialyais intended
to describe the technical and biological obligations of livestock ensragtaken into account in
simulations, and the technical modal i ties of the
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2 Functional analysis

This document part describes the data prodesssrelated to the functionalimulatiord equirementsit
matclest he user or swith hesanulatibfesoluliiansehup ® cespond to it.

Based on recent publications and taking into account expert advice, the simulator ainisttoaegeunt
all areas of interest involved in the life of the herd and its management. These domains, sasictured
modules, are each the subject of a chapter.

The 'Generadl section defines theansversaind common aspects of each of these modules. Finally, the last
part of this chapter describes the means available to the user tdsstamarios.

2.1 General

The Dairy Health Manager simulator (DHM) was designed to simudaiey acattle heréh a particular
farming context. Onlgairyproduction is considered in the simulator with the assumption that the farmer
defines the size of his livestock acogrth its productiod @bjectives ankis premisePeveloped on a self
centered model basis, it introduces the interest of finely representiegdbg allowinghe integration of

i ndi vdiversitgdnd dei r bi ol ogi cal responses6 variability.

In this context, the simulator makes it possible to take into account the differences and the genetic variability
within and between breedse tocrossing. Furthermore,d@nables to considére interactions between the
differentdecisions based on in@tlual charactersuch amseminationtype choicandcullingcriteria. The
modeling aims to represent the biological processes and the more technical ones relatedmietttse
decisiommaking.

Objective/Project

Accounting ‘

Animal husbandry h Farmer decisions | income

e

N

) Herd
i and
pre-herd
\' ~

Performance

genetics feeding

genetics

Herd

feeding

calving
Kabor‘tion

)

v
calving ¥

PN

1

1

i 1

non-fertilization \
| dry period lactation

1

1

1

N

Lactation cycle

Decision
Result

insemination

uulation

Reproduction cycle

Figurel : Biological processes dadmerdecisions used in the simulator

Before explaining the data and proessslated to the different modules, it is necessary to define their
common aspects, which are thé mu | at o r 6 eptiomsandeogstam datat Isinecessary to define
their types as walkwhen they are speciftetow to addindividuals in the dairy herd and the method to
produce data results.
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2.1.1 Managemenbptions of the simulator

The DHM simulator implements theanagementptions of thetimedependent dynamic simulation, as

well as the mechanistic simulation with discrete event modeling and stochastic si(ridetebr2000) It
acts on finite horizon.

2.1.1.1 Dynamic simulation with timeelated engine

The dynamic simulationisbasedonmbdelg t he ti ming of the events that
value. In our case, it makes it possiblaadée actionatatime step defined as 1 day

2.1.1.2 Mechanistic simulation with discrete event modeling

The elementar simulation unit is a cowt its different stages of liféfrom birth to sale/death). lis
represented by a set of attributes.

The simulatiorresult is constructed by reproducing steges of thmechanisms involved inn di vi dual s 6
life cycleand, in particular, duringiscrete evedroccurrencéfor instancereproductionand health events,

or t h dailymellk pdb@ustion). Thusthe evolution of thattributes valuedepends ornhe occurrence

of the simulated events (fimstancepregnancynsetor the occurrence of an inmaanmmary infection) or

corresponds to an incrementation (festance lactation pregnancynd dryingoff stages

2.1.1.3 Stochastic simulation

Renewed with the same input parameters, the simulation does not necessarily produce the same results.
Indeed, thesimulator based on the probability and variability rules described in the following chapters, will
not deliver the same resuttsough several simulations launched successively.

2.1.1.4 Finite horizon simulation

The simul ator s poi natlyands matters otaccoupite tramsitiontploasetbetweenc h ni ¢
the initial and final situations and to not simply compare two static states. This is why the simulation period
is defined over a finite space of time.

2.1.2 General constants for simulation

The general constamaluesinclude the simulator common data, apart from specialized modules for
particular domains (described paragrapt2.2 Module®n pagé?2). By definition, these valuesa n 6 t be
modified Their questioning would require an &itin of the simulator.

Three dairy and thredgeeforeeds are used in the simulator:

Montbeliarde
Dairybreeds Normande
Holstein
Blanc bleue belge
Beefbreeds Charolaise
Limousine

Tablel: Breeds involved

Reproductiorbreeds are only used in the simulator for inseminations, and their products are sold soon after
birth.

A cow udder is composed ofjdartess managed individually.

2.1.3 Initial herd constitution principle

When the simulation starts, the herd does not have cows yet. They are purchased gradually, at a rate that will
then allow gopulationregulation depending on the renewal setting defined by the user.

Thismanagement is described in tlpplation andbatchmanagement moduledragrapt2.2.5
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2.1.4 Produced data principle

Whatever the module concerned, the data is produced regularly (daily, weekly, morthihyuahfor the

campaign or punctual (recording of actions |/ event
end in the form of "tables" results, available frr
separator.

These files are located in the folder designatéddeasne forthe results, in a subfoldef the chosen

protocol s name, and in the concerned repetitionds
Thus, from tlisraw data, all the necessamglysewill be possible natively twgoftware like "R" for example.

The typed data produced follows the format describ&dhbie2: Typedata formais paragrapl2.1.5

2.1.5 Typed data

In addition to the standard data formats used (integer, float, bool, ...), typed formats are used in the results
produced, they are determined as follows:

For mat 6 s n Value defintions

Campaign Expressed in the format <YYY starting yearyear end year in "YYY

format>, based on the start date of the simulation.
If the exercisés to startin January, the campaign is expressed as <e
year in "YYYY" format>

Date Expressed in the formatAAAAMMIJ»

Breed Possible values

- 0: Montbeliarde

- 1: Normande,

- 2:Holstein

- 3:Blanc bleue belge,
- 4: Charolaise,

- 5: Limousine.

Insemination type Possible values

- 0: Naturalinsemination,

- 1: Conventional artificial insemination
- 2: Male sexed #ficial insemination

- 3: Fendle sexed artificial insemination

2.2

Table2: Typedata formats
Modules

The biological and technical / decisional functions are differentiated in the simulator. They are described
andprogrammed in the form of 7 interrelated modules.

These modules are

- Reproduction

- Lactation,

- Health

- Genetics

- Population and kah management
- Feeding

- Accounting

They interact in the following way
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GENETICS Décision
- Biological process
— Result

FEEDING

y

LACTATION

_IREPRODUCTION

HEALTH | — | ACCOUNTING
| ]
A II N
:> POPULATION |

MANAGEMENT

Figure2: Diagram of therganization in modules armuteractionrepresentation

The "Accounting" module provides a summary of all the accounting acts performed during the simulation.

The following chapters describe, for each module, the biological and technical conssntplatnented

for the domain concerned, the ani@adttribute valugthat can evolve as the simulation proceeds, the
managemergarameters, which can thusike upghe desired scenarios, and finally the specifictdat will

be produced at the end of thensilation

While most of the data described in the following lin&sken from referenced publications, those with no
references estimates based on expert opinion, on galready included in the "ECOMAST" simulator
(Billon, 2015) and trial and error for the calibration of unobservable phenomena.

These data are in general basesy ahe established by therd effect (phenomena not represented in the
simulator) that applies to all cows uniformly, and are weighted by individual events (identified and described)
occurring throughout the simulation.
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2.2.1 Reproduction

This module integrates all aspects implemented to sintléeden i ma |l s 6

phenomena may depend heavily on biologide$ they are however led by faemeb s
2.2.1.1 Constant biological and technical values

The constanvalues h at

)

abi Whiletheset 0 repr
deci sions
are applied in the si mul atdéalowitbs 8 cont
ovulation, its detection, inseminatigeregnancandresumption of pogtartum ovarian cyclicity
The simulator differentiates caaproductionstages in the following way:
FrePuber \f Crvulation 1 Fregnancy
. 1 |
Life hegi
| /
i .| Beefoross bred A Early interruptad /;"}
1 [l 1)
Between Owulation ‘\ Embryo motality f early foetal \osslﬁ ;”
hale \ ¢
>
“ Fost part
- ; \\ ost partum
. =) L )
- 1 Interrupted Ovulation b
Figure3: Reproductiorstages
2.2.5.1.2.]Assigmen

Calves crossed witlbaetbreed, male calves and sterile female calves are not kept in {iseépatagraph
2.2.1.1.1 Ovulationoccurrence

result inestrus

Ovulation occurs at thega defined as that of puberfhey appeaduring cycles that can be irregudad
2.2.1.1.1.1 Ageat puberty

The age at puberty of dairy females is between 6 and 15 months (ie, 300 days on average), tliegjardless of
breed(Bareilleet al, 2016) The fixed value used is therefore 300 days.
2.2.1.1.1.2 Estrusluration

Since dairy cowstrudastsbetween 8 and 23 houfKerbrat and Disenhaus, 200#)e value used for the
simulation was set at 1 day.
22.11.13

Intervisbetween ovulati¢mstity

2005)

This criterion is nobreedrelated(Bareilleet al, 2016) The valuessed are as folloidagen and Gayrard,

Average number
of days
Heifers 20days
Cows 21days
TaHde 3: Days between ovulations
The standard deviatiamsed is one day.

These valuemre a base. Ylaus events as described balway change the duration.
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2.2.1.1.2 Estrusdetection sensitivity

Sensitivity is the ability to detect cows that are curreredjrins(Chanvalloret al, 2011)

The percentage of detection probability used includesHimcterthat can be related tb he cowd s
expressivitgnd thedetection sensitivityy thefarmer(Disenhaugt al, 2010) It varies according to:

- the breed
- the detection mode

- parity
- the ovulatiorrank
- the insemination rankntegratingack of specificitgfter calving and duririgsemination returi

There are two categories to differentiate: detection sepddivfirst insemination, and thoselated to
insemination return

2.2.1.1.2.1 Estrusletectiosensitivitfpr first insemination

The following table makes it possiiol@stimatesstrusdetectionprobabilityfor first insemination.

Detection mode | Heifers Primiparous Multiparous
All 1st 2 Following 1~ 2n Following
ovulations| ovulation | ovulation | ovulations | ovulation | ovulation | ovulations
Montbeliarde |Embedded senso 90% 80% 82% 84% 82% 85% 88%
Farmer 60% 50% 52% 54% 52% 54% 58%
Robot 80% 70% 72% 74% 72% 75% 78%
Bull (*) 100%
Normande Embedded senso 90% 80% 82% 84% 82% 85% 88%
Farmer 60% 50% 52% 54% 52% 54% 58%
Robot 80% 70% 72% 74% 72% 75% 78%
Bull (*) 100%
Holstein Embedded senso| 85% 75% 77% 79% 77% 79% 81%
Farmer 55% 45% 47% 49% 47% 49% 51%
Robot 75% 65% 67% 6% 67% 6% 71%
Bull (*) 100%

Table4: Estrusdetecting sestivity for first insemination
(*) considered to be in the ferablatch

These valuegere estimated on the basis of those implemented by the "ECOMAST" simulator.
2.2.1.1.2.2 Estrusletection sensitivity for following inseminations

Sensitivitymay be different depending on insemination rank. The following table establishes the related

probabilities
Detection mode Heifers Primiparous Multiparous
All returns L'return | 2" return | 1% return 2" return

Montbeliarde  |[Embedded sensor 90% 84% 84% 88% 88%
Farmer 60% 64% 59% 68% 63%
Robot 80% 74% 74% 78% 78%
Bull (*) 100%

Normande Embedded sensor 90% 84% 84% 88% 88%
Farmer 60% 64% 59% 68% 63%
Robot 80% 74% 74% 78% 78%
Bull (*) 100%

Holstein Embeddded sensd 85% 79% 79% 81% 81%
Breede 55% 59% 54% 61% 56%
Robot 75% 6% 6% 71% 71%
Bull (*) 100%

Table5: Estrusdetection sensitivity for following inseminations

(*) considered to be in the female batch

Beyondthe inseminationranks in the table above, thebabilities used are those of ovulation§abled:
Estrusletecting séirvityfor first insemination

These valuesere estimated on the basishafse implemented by the "ECOMAST" simulator.
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2.2.1.1.2.3 Additional criteria affectstgugletection sensitivity

Detection sensitivity probabilities can be reduced / increased by coefficients taking into account additional
criteria related in particular tnanagemerdand accommodation conditions.

2.2.1.1.2.3.1 Slippery floors

A factor of 0.5 is applied to the detectiorc®mbtained (except for bulls). This is a management option
described in paragrag@2.1.2.3Slippery floor

2.2.1.1.2.3.2 Simultaneosastrus

Concomitantestrusfacilitates their detdon. The multiplicative valuegpplied in this case arefaows:

2 estrus + than 2estrus
1.3 14

Tabk 6: Multiplicative value increasing sensitivityhiacaseof concomitantestrus

2.2.1.1.2.3.3 Dairy production

A 50 kg / day milk production has the effect of reducing by 50% the previously eststratxtbtection
probabilityin all signgDisenhaugt al, 2010)

The multiplicative value v applieddgstrusdetection probability is calculated as follows:

. $-0
vop PTT
0 T

(DMP = dailymilkproductign

2.2.1.1.2.3.4 Health status

Estrus detection sensitivity may be altered when the animal is experiencing health problems.

2.2.1.1.2.3.4.1 Mastitis impact on estrus detection sensitivity

2.2.1.1.2.3.4.2 Ketosis impact on estrus detection sensitivity

When a ketosis affects the cow, its Estrus detection sensitivity shall be affected as described in paragraph
2.2.3.2.1.1.3.1 Bffect of ketosis on heat detemigitivity

2.2.1.1.2.3.4.3 Limpingimpact on estrus detection sgingy

When alimping affects the cow, its Estrus detection sensitivity shall be affected as described in paragraph
2.2.3.3.1.1.3.1.Bffect dimpingon heat detection sensitivity

2.2.1.1.3 Estrugdetection specificity
A lackof specificity is whethe farmerconsidersowsin estruswhen they are nofThis applies only to
artificial inseminations (Al). &tural inseminationsr{ating are not concerned.
The specificity error ratese of two kinds:

- the specificity after calvinghenthe lastestrusday is known,
- the specificitguringreturns after IAvhenthe lastestrusday is unknown.

The percentages set out below reflect the probability of makingstakewhenfinding estrus
2.2.1.1.3.1 Lack of specifiafyer calving (or afeproductidar heifers) and before first artificial insemination

Probabilities o& lack of specificigre applied for the different representative periods.
- Heifes
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Regarding heifersthese are animals that have never been inseminated since the decision to start

reproductionor sincetheir last unsuccessfotegnancy

Detection mode 1to 46 days| 47days and
after starting| more after
reproduction starting

reproduction

Embedded sensor 1% 2%

Farmer 4% 5%
Robot 2% 3%

Table7: Probability of a lack of specifidity heifers

- Cows
Regarding cows, itds about t he oinlastcaling:at
Detection mode Primiparous Multiparous
4069 days 70100days More than100 4069 days after 70100days More than100
after afterpregnancy days after pregnancy after days after
pregnancy pregnancy pregnancy pregnancy
Embedded sensor 1% 2% 5% 1% 2% 5%
Farmer 4% 5% 13% 4% 5% 13%
Robot 2% 3% 6% 2% 3% 6%

Tale 8: Probability of a lack of specifidity cows after calving

2.2.1.1.3.2 Lack of specificityriurns after Al

have

When an artificial insemination has been performed following an avuuiation detectionand that it has

beensuccessfuh 7% probability o& lack of specifitig simulated, after IA, by a normal law based on the

interval between ovulations and a standard deviation of 1.

2.2.1.1.4 Insemination and fertility

Inseminations are considered fertile if they leg@degnancyThis result may depend on the strategy adopted

in terms of inseminations and thaimatsfertility.

2.2.1.1.4.1 Insemination choice

Three modes deértilizationare proposed by the simulator:

- naturalmatingby a bul|
- artificial insemination in conventionsémen
- artificial insemination in sexesmen(male or female).

not

Bulls used for inseminations are randomly selected from the catalog for this purpose according to the
procedures described in paragra2.4.1.35enetic value of bulls for insemiiratiodifg natuyatiepending
on the breed to & used and the genetic strategy chosen by the experimenter (balanced, with priority over

milk quantityor functional traits).

A matingplan is proposed to dividemertypes and breed crosses feeagrapt2.2.1.2.Matingplank

When artificial insemination occurs due to a specificity lackdsegapi2.2.1.1. Estrudetection specificity
it is nonsuccessfilecause performed "at the wrong time". However, if by dhé@eerformedon the

ovulation dayit would then be considered "at the right timgienthe related su@ss rules

A managemenparameter is used to stop inseminations under certain conditions (see Z&cli¢h8

Individual decisiohstop inseminatiaiated to heitard cowinfertility).

2.2.1.1.4.2 Fertitty7 basic values

Success (fertility) probabilities related to fertilization methods used are estimated for insemination at the

right time (during simulated ovulation). Thegliudenon{ertilization and early embryonic mortality. They

are based on the results of the FertillA study conducted between 2004 and BolstedncowsSalvetti

et al, 2011)
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With regard to the Normande arMontbeliardebreedheifers, the FertillA study rdsuwere weighted to
take into account the differences reported during the study conducted osesmegdse in 2014 by the
IDELE (Le Mézec, 2015)

Those relating teeproductionare based on expert testimony.

The basic fertility rates of fertilimat modes, which do not take into account the harmful effects of certain
factors (separagrapl2.2.1.1.4.4ertility modulatjomare as follows:

Conventional Sexed artificial
Mating artificial insemination
insemination
Normande Heifer 95% 85% 69%
Adult 9% 78% 62%
Holstein Heifer 95% 83% 6%
Adult 9% 74% 62%
Montbeliarde Heifer 95% 85% 73%
Adult 9% 80% 67%

TaHe 9: Basic fertility rate (not taking inszcount the adverse effects of certain factors) according to fertilization
modes

One parameter makes it possible to adjust the fertility level oérthésegparagrapl2.2.1.2.6Herdspecific
fertility factr

2.2.1.1.4.3 Grouped calvings

By default, calvings are spréadughout the campaign. However, the simulator makes it possible to group
the calvings at one or more times of the year, according to the parameters proposed in the2parhg@raph
Grouped calvingsich will also have an influence on the constitution of the initial herd (see paragraph
2.2.5.1.1.Gradual herd incrgase

Cows or heifers that have not been fertilised after the insemination period in preparation for group calving
are culled.

2.2.1.1.4.4 Fertility modulation

Some factors may have a negative or positiveriné orcowfertility.

2.2.1.1.4.41 Milk production

Milk production impacts fertility. The quantity of milk produced and l#tation stage are taken into
account. heir effect is simulated by the application of a multiplicative value calculated as follows:

Dayproduction (kg) Lactation stagéday$ Multiplicative value of fertility decline
<=20 <=30 0.5
> 30 anck= 100 0.5 + 0.003 x{actation stage30)
> 100 0.7
> 20 andk= 50 <=30 0.57 0.01 x Day productiori 20)
> 30 et 0.57 0.01 x Day productiori 20)
<= 100 +Day productior+ 20 +
(0.2 /(100 + Day productiori 20)
X
(Lactation stage30)
> 100 0.77 0.01 x Day productiori 20)
> 50 <=30 0.2
> 30 et<=130 0.2 + 0.002 xl{actation stage30)
>130 0.4

Tablke 10: Multiplicative value of fertility drop due to milk production
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2.2.1.1.4.4.2 Individual potential

Individual potentialis determined byhe phenotypic traitFer', which isset upin paragrap2.2.4.1.2
Individual genetic vallige principle igo apply to thesuccesprobabilityof an inseminationgvenmating
the corrected performance of thhenotypic trai{segparagrapt2.2.4.1.2.2ndividual potentialddult stage

2.2.1.1.4.4.3 Pariy

2.2.1.1.4.4.4 Sexesemen

2.2.1.1.4.45 Crasseproduction

2.2.1.1.4.4.6 Artificial insemination month

2.2.1.1.4.4.7 Difficulties during the previous calving

2.2.1.1.4.4.8 Mastitis effect on fertility
é

2.2.1.1.4.4.9 Ketosisffect on fertility
Fertility is disturbed when the cow undergoes ketosis, as described in the p2a/agraph1.3.1.Bffect of
ketosis on fertility

2.2.1.1.4.4.10 Limpingeffect on fertility
Fertility is disturbed when the cow underdoaping, as described in the paragr&ph.3.3.1.1.3.1.Bffect
oflimpingpn fertility

2.2.1.1.5 Pregnancy

Pregnancys when a cow, after having undergorsei@essfuhsemination, carries an embryo. It has a
basic duration, but can undergo interruptions before term. If nothing disturpeetinf@ancythe cow gives
birth to one or two calves.

2.2.1.1.5.1 Late smbryonic mortalitydaabortion

Assuming that the risk of early embryo mortality is taken into account in fertilipaageapt2.2.1.1.4
Insemination and ferjilitwo criticalpregnancyeriods remain to beefinedin termsof simuldion: late
embryonic mortalityincluding fetal mortaljt) and abortion

Late embryomortality occurs between the 16th &81h pregnancylay Pregnancy loggobabilityat this
stagavas estimated from the results of the FertillA studyatsteinadult cowgSalvettet al, 2011) These
resul tsoé &gmandeamMontbeliardebreeds is the result ofoss studies of ovulation return
observations by IDELfEe Mézec, 2018)nd of progesteronemia analyzes on a large sampiéviofuals
(Humblot, 2001)
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Early embryo  Late embryo Abortion Calving
mortality mortality

Figured: Periods at risk giregnancy loss

The valuesised are as follows

Late embryonic
mortality (*)

Montbeliarde 21%
Normande 23%
Holstein 21%

Tablell: Breeaspecifiqrobability of late embryonic mortality

(*) BetaPertdistribution with 21day peak

The late abortion period begins on the 90th day and goes until the day from which calving begins to appear
according to the established distribution, that is, 22 days less than thé d#wveeatygregnancysee
paragrapl2.2.1.1.5.Pregnancy duration

Theimplemente rates are based on the observation of mortality rates in the study conducted by UNCEIA
(Humblot, 2001) The valuessed are as follows:

Late

abortion
Montbeliarde 1.6%
Normande 0.3%
Holstein 2.5%

Tablel2: Late abortion probability

Depending orpregnancgtage, a lactation process may be initiateppdsagrapl2.2.2.1Constant biological
and technical va)ues

2.2.1.1.5.2 Pregnancy duration

Pregnancy duratiotlepends on the breed, parity, the sex and the numbestate¢Bareilleet al, 2016)

2211521 Breed and parity

Nominal breed duration is determined for eaolv in a stochastic manner with a standard deviation of 5
days that is applied to the following averéidasceatet al, 2014)

Heifer average Primiparous and
Pregnancy duration| mul t i par @
averag@regnancy
duration
Montbeliarde 286days 287days
Normande 285days 286days
Holstein 280days 282days

Tablel3: Breed and paritypecific averag@egnancy duration

Pregnancy duratiors influenced by théreedof the unborn (cross) cdibwever itis not taken into
consideration, as well as themp e r f o r repeatabiity) because of ey heritability oforegnancy
duratioré
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2.21.152.2 Sex of the unborn calf

Regardingd h e u n b o r, the pcobabilitybokit bsirg & female is 50%rfatural insemination49%
for conventional artificial insemination, and 93% (males) and 90% (female) faxrsifixea inseminations
(Le Mézec, 2015)

When the expected calf is a m&segnancy duratios reduced by one day.

2.2.1.1523 Twinpregnancy

Twin pregnancyrobability is as follows

Nulliparous 1%
Primiparous 6%
Multiparous 7%

Tablel4: Twin pregnancyrobability

These valueasre based on the 2004 observatiomolsteinherds in the United Statg&ermain, 2009)
While in reality, the cattlebs t wi niimoghesiraulamr. depend

If the calves to be born were of opposite sexes, the female would be sterile.
The simulator does not take into account the increased risk ghregnanies

In reality,in case of multipleregnanies births occur 5 to 8.5 daysaavancéGermain, 2009)Since the
simulator only manages twinegnanies, pregnancyvill bereduced by 5 days

2.2.1.1.6 Cyclicity resumption aftgregnancy losndcalving

The posparturm cyclicity recovery depends on the end of the last pregnancy: loss case trceai\dtsp.
be affected by ketosislimping

2.2.1.1.6.1 Pregnancy loase
For cases opregnancy losfate embryonic mortality and abortion), the tionatil estrus return is

proportional to the actugregnancy duratigrincreasing until the 150th daymegnancyntil reaching 60
days, to gradually resume a normal cycle until the day from which calving is considered normal:

Estrus
return
(days)
oL 0
Standard | ’ | | |
post-partum |- - - - - — - —— [l
delay | Pregnancy
: duration
L | (days)
A
I | 1 I
0 16 150 First calvings

Figureb: Delay of cyclicity resumptidime after embryo or fetal mortality

The farmer chooses when to stapgroduction again after a pregnancy(ssgaragrapl2.2.1.2. Minimum
pospartum delay before bre@diiting perigd)f anew lactatiobeginsafterpregnancy lospregnancgtage
of at least 150 days), the dalayil reproductionis the same der calving Otherwise, there is riatency
delay.
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2.2.1.1.6.2 Calving case

The recovery time of a pastiving cow cycle and the probability of a cyclical interruption are breed and
parity dependenDisenhaugt al, 2008) Probabilitydistributionis as follows:

1%t standard cycle 1% delayed cycle 1%t cycle &er
(10to 50 day$ (51 to100day3 100days
Normal Interrupted Normal Interrupted (INO)
cycle cycle cycle cycle

Montbeliarde*) Primiparous 84% 4% 11% 1% 0%
Multiparous 87% 11% 1.4% 0.6% 0%

Normande Primiparous 78% 6% 15% 1% 0%
Multiparous 83% 15% 1.4% 0.6% 0%
Holstein Primiparous 51% 19% 17% 1% 12%
Multiparous 56% 30% 5.4% 2.6% 6%

Tablel5: Pospartum cyclicity resumption by breed and parity

(*) The study used does not show the details of fast f hei f ers and multiparous
Montbeliardebreed The valuesvere chosen by trial and error to obtain a delay variation in setting the
reproduction ofMontbeliardecows 4 daysbefore Normade cows(Reproscopelatg. When a cycle is

interrupted, the first ovulation does not occur until 35 days after calving.

For the first cycle after 100 days (INO), the determingalyDf return follows thiglistribution:
D=1QaL* (1+n?

With n =uniform distribution from 0 to
2.2.1.1.6.3 Ketosis case

The resumption of ovarian activity may be delayed when the cow suffers from ketosis, the conditions for such
a delay are defined in the paragrapgh3.2.1.1.3.1.Effect of ketosis on the resumption of ovarian activity

2.2.1.1.6.4 Limpingase

The resumption fovarian activity may be delayed when the cow sufferéirfrpimg, the conditions for
such a delay are defined in the paragfap!8.3.1.1.3.1 Effect dimpingon the resumption of ovarian activity

2.2.1.2 Parameters for reproduaté management

This paragraph describes the decisiaking parameters of tii@merfor aspects related to reproduction.
Several options are offeradthe user. Combined, thejmulate d@ferentmanagemenst

2.2.1.2.1 Breedingage

This parameter makes it possible to define the age at which the heifers are put to reproducfemmizy the
This results irestrusmonitoringin preparation fofirst insemination.

The default value is 500 days.

2.2.1.2.2 Estrusdetection modes

The detectiormode used in the herd isrd@urable. The possible valaes

- embedded sensor,
- robot, with milk progesterone dosaggid option (se&able83: Default charges for accounting opgerations

- farmer,
- bull, when mating.

This option will have an impact @strussensitivity rates (sparagrapt?.2.1.1.ZEstrusletection sensitjvity
and onlack of specificitisegparagrapl2.2.1.1. Estrusletection specifjcity
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The ddault mode igletectionby thefarmet

2.2.1.2.3 Slippery floor

Simulation may involvaccommodatiorwonditions that could reduasstrusexpressionsich as a slippery
floor which isa Boolean option (true or false) that will aféstiusdetection rates (sparagrapi2.2.1.1.2.3.1

Slippery floprs

Bydefault, the option is not selected (false).

2.2.1.2.4 Matingplans

It is possible to set the choicarafeminationtype andoreedaccording to Al rank and cow parity.

The default valuesre:

First insemination 2 and 3 insemination 4 and more insemination
Insemination Breed Insemination Breed Insemination Breed
type type type
Heifers Female sexed| Holstein Conventional Holstein Conventional Limousine
artificial artificial artificial
Primiparous | Conventional Holstein Conventional Holstein Conventional Charolaise
and artificial artificial artificial
multiparous

Tablel6: Default valuefor matingplans

2.2.1.2.5 Grouped calvings

Grouping of calvings over one or two periods of the year is possible. The parameter setting consists of
defining,for a grouping of calvings, the expected month of the year, the number of months allowed before
and after this peak (delta), and the proportion of the herd concerned (in case two groupings are planned over
the year). If no grouping parameters are defoadngs are spread throughout the year.

This setting determines the way in which the herd is built up, see paagréphl.Gradual herd increase

2.2.1.2.6 Herdspecific fertility factor

A multiplicative value can improtertility (value greater than 1.0) or reduce it (value less than 1.0). This
option will affect the success rates of inseminationspésagraph2.2.1.1.4Insemination and ferjility

Reproductionfactors that influence fertility which are retplicitly represented are therefore taken into
consideration.

The default value is 1.0.

2.2.1.2.7 Minimum postpartum delay before breedifvgaiting period)

This parameter makes it possible to define the delay to be respected befaginmpseproduction
(pregnancyaving led to a lactation).

Besides, this parameter makes it possible to apply a strategy to extend lactations.

The default value is 60 days.

2.2.1.2.8 Individual decisiorf stop inseminationslated to heifer and cawfertility

The time limits descréd in this paragraph make it possible to determine whether, under certain conditions,
it is no longer considered necessary to carry outimetgons. When an animal ful§ilthese conditions, it
is considered infertile and therefore genecallled(seearagrapt2.2.5.1.1.2. Meifer salesnd adult cow

Theed uat ed peri odds b eeprodadion degsion fer baththeiferdaadcewso f t h e

Estrusletection absence
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This parameter is used to define the delay after which the first insemination will no longer be attempted
because nestrushas been detected sifmreedingstart The default valuesel50 days for heifers and 190
days for cows.

Lack of fertility

This parameter makes it possible to define the delay after which the inseminations will be stopped because
none has beesuccessfudince the cow has been set (backye¢eding The default Maesare 200 days for
heifers and 260 days for cows.

2.2.1.3 Dataproduced

Data is produced on the one hand on calving, and on the other hand on inseminations

2.2.1.3.1 Calvingbasedeproductive performance

By convention, a calving is considered to be the birth of dmeaalves born at term. Cases of embryonic
mortality or abortion (separagraph2.2.1.1.5.1Late ebryonic mortalitydaabortignare therefore not
considered calving.

2.2.1.3.1.1 Primipasus

Prodiction type oneoff

Information levelcow

Result file name«PrimipareReproductionResultsBasedOnCaleswy
This data is producedliring a primiparous cow calving.

The available fields are

Field name Format Value
Id integer Identity of the cow involved
Successfutalving_date Date(*) Successfualving date
First_insemination_age integer Age at the first insemination
Successfuinsemination_age integer Ageat the first successful
insemination
Calving_age integer Age at the caving
First_insemination_date Date(*) First insemination date
First_insemination_type Insemination typé*) First insemination type
First_inseminationbull_breed Breed(*) First inseminatioroull breed
Insemination_quantity integer Numberof inseminations
performed
Successfulnsemination_date Date(*) Successfilhsemination date
Successfulnsemination_quantity integer Successfluhsemination
number
Successfuinsemination_type Insemination typé*) Successfihsemination type
Successfuinseminationbull_breed Breed(*) Successfuhseminationbull
breed
First_inseminationsuccessfuinsemination_interval integer Number of days betee the
first and thesuccessful
insemination
Campaign Campaigr*) Campaign involved

Tablel7: Structure of calvidgased reproductive performance data for primiparous cows

(*) Sedable2: Typealata formagmagel 2.

2.2.1.3.1.2 Multipabus

Production typeoneoff

Information levelcow
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Result filename «MultipareReproductionResultsBasedOnCalving:csv

This data is produced during a multiparous cow calving

The available fields are

Field name Format Value
Id integer Identity of the cow involved
Successfutalving_date Date(*) Successful calvidgte
Previous_calving_date Date(*) Previous calving dates
Previoussuccessfutalving_interval integer Number ofdays between the
successful cag and the
previous one
Previous_calving_rank integer Rank of the previous calving
First_insemination_date Date(*) First insemination date
First_insemination_type Insemination type(*) First insemination type
First_inseminationbull_breed Breed(*) First inseminatioroull breed
Previous_calving_first_insemination_interval integer Numberof days between the
previous calving and the first
insemination
Insemination guantity integer Numberof inseminations
performed
Successfuinsemination_date Date(*) Successful insemination date
Successfulnsemination_quantity integer Successful insemination

number

Successfuinsemination_type

Insemination typé*)

Successful insemination type

Successfuinseminationbull_breed

Breed(*)

Successful inseminatibull
breed

Previous_calvinguccessfuinsemination_interval

integer

Number of days between the
previous calving and the first
insemination

First_inseminationsuccessfuinsemination_interval

integer

Number of days between the
first and the successful
insemination

Campign

Campaign’*)

Campaign involved

Tablel8: Structure of calvirgased reproductive performance data for multiparous cows

(*) Sedrable2: Typalata formatmgel 2.

2.2.1.3.2 Inseminatiorbased reproductive pemficance

2.2.1.3.2.1 Nullipabus

Production typeoneoff

Information levelcow

Result file name«NullipareReproductionResultsBasedOnlnseminatiom.csv

This data is producedhen a heifer calves

The available fields are

Field name Format Value
Id integer Identity of the cow involved
First_insemination_age integer Age at the first insemination
First_insemination_date Date(*) First insemination date
Insemination_date Date(*) Insemination date
Insemination_type Insemnation type(*) Insemination type
Inseminationbull_breed Breed(*) Insemination bull breed
Inseminationnumber integer Numberof inseminations
performed
Cammign Campaign*) Campaign involved

Tablel9: Structure of inseminatidnased reproductive performance data for nulliparous cows
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(*) Sedable2: Typalata formatmgel 2.
2.2.1.3.2.2 Primipasus and multiparous

Production typeoneoff

Information levelcow

Result filename «PrimiMultipareReproductionResultsBasedOnInseminatgws
This data is produced during a primarous or a multiparous cow insemination.

The available fields are

Field name Format Value
Id integer Identity of the cow involved
Previous_calving_date Date(*) Previous calving date
Previous_calving_rank integer Previous calving rank
First_insemination_date Date(*) First insemination date
Insemination_date Date(®) Insemination date
Insemination_type Insemination typé*) Insemination type
Inseminationbull_breed Breed(*) Inseminationbull breed
Previous_calving_first_insemination_interval integer Number of days between the
previous calving and the first
insemination
Insemination number integer Numberof inseminations
performed
Campégn Campaign*) Campaign involved

Table20: Structure of inseminatidoased reproductive performance data for primiparous and multiparous cows

(*) Sedable2: Typalata formatmagel 2.

26/97



2.2.2 Lactation

The lactation module integrates all the aspects implemented to simulate female milk production. While this
phenomenon is strongly dependent on biological constraints, it is howevethiethbyer

2221 Constant biological and technical values

The internal peameters used for lactation simulations relate to milk production in terms of duration,
guantity and composition, depending on different biological and technical factors.

The simulator differentiates cowsdé | actation stage

Mo milk Production
Calving By e

Milk production

Figure6: Lactation initiation and end steps

By convention, a lactation is considered as such when the female gives birth at thgmehahepf at
least 150 days, whatever the viabilityegfborn calf €alves).

Regarding the liter representation of milk production expressed in kg, the following coefficient is applied
(Bareilleet al, 2017)

1liter=1.033 kg
Lactation duration is decided by tfe@merwho schedules thdryingoff date.Like the quantity produced
and the compositiarthe duration othe lactation carvary

2.2.2.1.1 Basic milk quantity and composition, basic lactadimation milk destination

The quantity of milk produced and its composition varies according to the breed, as the daily production
depends on the lactation stqBareilleet al, 2017) Lactation durations set up by thi&armet

2.2.2.1.1.1 Breed impact on cumulated milk production

Milk quantity andc o mposi ti on depends on the cowds bupeed, an
(discussed inparagraph2.2.4.1.1 Genetic valuessociated with phenotypig tlagcribing lie basic
performancesf thegross production

2.2.2.1.1.2 Daily production by lactation stage

Daily dary production (IDP) is notconstant over time, it depends on the lactations stage. Moreover, unlike
milk quality, which is represented fiydiy thefat content (FCand secondlypy the proteircontent(PC),

the producedquantity is also linked to the parity of the cow (1st lactafind lactation andollowing
lactations).Thus, for each breed, five curves are applied to distribute each day the DDP throughout a
reference lactation at 305 days. These curves are determined by Wood's(&§6&dion

DDPuwood = at® expfct)
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The coefficient "a" is calculated from a fixed value ("al") added to a factor ("a2") applied to the average of the
breed cumulative production (gEagraph2.2.4.1.1.Zriteriaof genetic valassociated witteedependent
phenotypic trait¥he coefficient "c" is based on the persistence ofaptempw production. The value "t"
represents the lactatietage. The coefficient valusgd are as follows:

Quantity
Coefficient . . 3 lactations FC PC
1 lactation 2 lactations
and more
al 0.283 0.0432 0.52 0.21 2.43
a2 0.0018 0.00264 0.00289 1.27 1.287
b 0.25 0.197 0.192 0.141 0.151
c 0.0038 0.0049 0.0053 0.003 0.00275

Table21: Basic valuesf Wood coefficients appligd daily dairyproduction

The DDP curves obtained are as follows:

50 70

Figure7: Daily dairyproductioncurvefor the Montbeliarde
breed

Figure8: Daily dairy productiorcurvefor the Normande
breed

a0 e |actation rank 1 (kg)
== |actation rank 2 (kg)
lactation rank 3 and more (kg)

20 = {at content (g/kg)

protein content (g/kg)

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
TAMIINOrPeR0 gl 003 835022833 Q0I3RRRRRRAR

Figure9: Dailydairyproductioncurvefor the Holsteinbreed

The nonpregnantffect is described paragrapl2.2.2.1.2. Pregnancy

2.2.2.1.1.3 Milk somaticcell countin absence of infection

Milk somaticcell countin absence of infection is dependenttbarank andstage of lactation, but not on

the breed of the cavit undergoes representable dilution phenomenon in the form of a Wood curve. In
contrast to milk composition, the coefficient "a" is not dependent on the level of production of the breed
with respect to somatiell count The proper coefficients applied in this aaseas follow@ortet, 2000)
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Lactation rank

Coefficient

1 2 3et+
a 1000 200 100
b 1 0.8 0.75
c 0.008 0.010 0.012

Table22: Basis valuesf Wood coefficients appligd somatic millcell countin mammarynfectionabsence

Thus, the Somati€ell count(SCC) of the milk in the absence of infection, expressed in number of 1000
cells / ml of milk, will respect the following curves:
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FigurelO: SCC wood curves of the udder in mammary infectsence

Note: TheWood equation(1967)was modified with a lag of +10 dégstationrank 1) and +12 days
(lactationrank > 1)for the variable defining the stage of lactati¢ortet, 2000)

The interdayto-day variability of SCC (excluding mastissglefined by hazard in paragrabB.2.1.2.14

Daily hazard

2.2.2.1.1.4 Basidactatiorduration dryingffprogramming

The theoreticalactation duratioris decided byhe farmer(dryingoff). This allows him to consider the dry
period he wants as part of his farm managemehts duration is configurable (g@gagrapl2.2.2.2. Drying

off).

For this purpose, if a lactation is to be in progress, thegafy date is programmed as soon as an
insemination has been determined as successful and therpfegancyegins.Calcuhtion is done as

follows:

Tp=Ir+Pd Ps
with
Tp =planned day fodryingoff
Ir = day of the successful insemination
and

Pg =expected duration according to ffregnandy s br ee d

Ps =duration set up for the Dry Period
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The farmel estimate dPregnancy duratias based on the averggegnancy duratiohased oreedand
parity (separagrapl2.2.1.1.5.2.Breed and payitit does not take into account other biological factors

Dryingoff is deprogrammed in case of embryonic mortality or abortion.

When a dryingff date has been programmeae milk productionis stoppedn the planned day. In the
opposite casge.g. if the cow is destined for culling and therefore has not beenthesgjoduction is
automatically stopped as soon as the pridkluct levels lower tharthe oneset (se@aragrapt?.2.2.2.1

Dryingpf).
2.2.2.1.1.5 Milk destination

The production of the first days of lactation is not careid consumable (marketable) because it is colostrum
(Bareilleet al, 2017) It will not be delivered to the dairy, but is considered as discarded milk. The simulator
is used to set th@me lengthduring which this milk will be discarded by the farmergassgrapl2.2.2.2.3
Minimumlactation stage for deliveréd milk

The milk to be delivered produced daily is storedérntank and is collected every three calendar days. This

milk is analysed at the cooperative three times a month to determine the average SCC. The dates of these
controls are not known by the farmers, the simulator carries them out on the 5th, 15th faod thst

month, and the results are communicated the next day. Depending on the measured SCC (i.e. from the first
test) and the SCC ceiling that he decides not to exceed, the farmer discards the milk that penalises him the
most, i.e. the milk from the quar of the cow with the highest SCC since the last two milk tests (thus
assuming that the milk test is not a simulation option, but a systematic subscriber).

Depending on the average SCC of the three milk checks carried out during the month, peragiiedre
to the price paid for the milk deliverby the farmer, by instalments

- above 250 (000/ml)
- above 300 (000/ml)
- above 450 (000/ml)

The amount of the penalties can be configured, see cBahfeéldAccounting parameters

2.2.2.1.2 Milk production modulation

"Real" milk production is a modulation of ttieeoretical production due to the circumstances described
below.

2.2.21.2.1 Pariy

Milk productionMPincreases with pari(Bareilleet al. 2017) For this purpose, the simulator uses a divisor
factor ofMP atadult stagethe valuesf which are established as foll¢Wsomas, 2018)

Parity Value of the divisor
1 13
2 1.12
3 1.03
4+ (aduld 1.0

Table23: Divisor valuef the milk quantity produced during adulthood according to parity
Durations remain the same, but a very slight decrease in PC with2Zagé Kg between the 1st and 4th
lactation) is taken into account.

2.2.2.1.2.2 Dryingff

The dry period starts from the drying day (mil kir
reference duration is a decision of fwener but it can be modulated according to unpredictable biological
events (abortions, variabilititbe pregnancy duratign..).

The duration of the dry season influences the coming production. Indeed, the elimindtigingiiff has
the effect of reducing the quantity of milk produced by 15%, and a dry period of 30 days by 7%.
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The principle adoptetb simulate this effect is the application of a multiplicative value whose calculation is
based on a proportionality implementing the actua
events) and the foreseeable decrease in quantity:

Milk loss for the coming
production (%)
N
15 -
0 j >
0 60 Dry period (days)

Figurell: Effect of the decreased milk production due to reduced dry period at the next lactation
Thus the proportional multiplicative valuds calculated using the formula

~ p 0]
. bo on PV
u p —en
pTMT
O MPuv L p
ps =actuaduration of the dry periad

Regardig FC and PC, according to the Breton Su¢i{eyouanton et al., 1995, DesgfiP66), thebenefits
obtained due to the omission of the e v i 0 u s dn} parod asetas falof@émnond, Kérouanton and
Brocard, 1997)

Lactation FC gain PCgain
(9/kg) (9/kg)

2nd 2.9 3.0

3" and more 0.4 1.1

Table24: Gain in FC andPCdue tothe omission of the diyg up of the previous lactation

According to the same scheme as for milk production, the proportionate additive value v is calculated for FC
and PC using the following formula:
i
0 QT
QT
VMU T
"(=basic gain

ps =actual duration of the dry period

The Il actation c womagified byghe ahsence iofsdryrigRisrhond, KKérovanton and
Brocard, 1997)it is not modified in the simulation.

2.2.2.1.2.3 Pregnancy

The theoretical production cues (separagrapl®.2.2.1.1Basic milk quantity and composition, basic lactation
durationmilk destinatipare based on the assumption that cowgragmant When this is nothe case, the
following valueare added to the quantity produgdilion, 2015)
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Lactation stage Additive value
From242days 1 kg
From272days 2 kg
From303days 2,5kg

Table25:Addi ti ve value of mi | gregpanarabuliogttdtstactatiombtaga cow t hat

FC andPCare not changed.
2.2.2.1.2.4 Individual potential
Individual potential inadult stage (lactation 4) depends on the genetic value of the individual. It is

determined in the simulation for the following phenotypic traits:

- MILK : Quantity milk(in kg)
- FC: fact contentin g/kg)
- PC: protein content (i g/kg)

T h e s e deterrhinaton i6 explained in the genetic modulefdaesgrapl?2.2.4Genetigs
2.2.2.1.2.5 Estrus

Milk production decreases the day the cow éstiusfrom 5 to 10%(Bareilleet al, 2017) Thereforethe
simulator uses a multiplicative value of 0.925, which affects the quantity of milk produced and corresponds
to a 7.5% drop.

FCandPCdo not undergo anlovementsluring estrus.
2.2.2.1.2.6 Photogriod

The photoperiod (associated with the season) has a specific effect on the daily milk production of the cow
(Coulon, Chilliard and Rémond, 199This additive effecs represented hilre following curvéBareillest
al, 2017)

milk 1.5 T
(kg)

0.5 +

AT

1.5 —

content 2 —
(g/kg)

1.5 7

1+

0.5 T

0
0.5 T
a4+

-1.5 —

Mois: J F M A M J J A S O N D J

Figurel2: Specifieeffect of the month on the dairy production of the cow

Thus, the equation used to determine the multiplicative vabfehe performancg to add to the milk
production of the day (PLJ) is as follows:

¢z QOBHIMOQ®I

TE 0 4 QO TDOQ DI

Dr

0 nzZA

With as criterion valuey;
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=m\/alue Facor
Dairy production(kg) 1.5

FC (g/kg) 15

PC (g/kg) 0.75

Table26: Performancspecific seasonal multiplier factor

The photoperiod effe¢hus calculated is applicableatberd located at the average latitude of metropolitan
France.

2.2.2.1.2.7 Milking frequency

Milking frequency is usually set at twice a day. Reducing this frequency to one time leads to a 25% drop in
production, with a 2.7g / kg inease in FC and a 2.2g / kg increase in(R€mond, Pomiés and Pradel,

2005) Howevera milking carried out 3 to 4 times a day results in an increase of approximately 15%, without
impactingthe rategBareilleet al, 2017)nor of theSCC

Milking frequency can be parameterizedaesgrapl2.2.2.2.2Vilking frequency
2.2.2.1.2.8 Somaticell count

Beyond 50,000 cells / ml of milk, SCC causes a decrease in milk production depending on parity and
lactation stage. This effect following the presence of mastitis isrkewcwcount by the simulator by
applying the following equatio(idortetet al, 1999)

: o oo . ) u 5 3, o, © i 3 - (I)*
YO @ 0wz20' ooZOOUooZIIC{‘TF
I
With
RMY=decrease in the milk productigkg)
X =SCC value studie@d.000 cells/ml)
DIM = lactation stage

and for each parity

Parity a b C
1 0 0 0.44
2 0.00002 0.0019 0.5006
3+ 0.00001 0.0015 0.3341

Table27: Parameters specific to each parity for the equation of milk quauitstionrelated to milk SCC
2.2.2.1.2.9 Mastitis effect on dairy production

Mastitis can occur from the beginning of the first lactation until the culling (or death) of the cow. Depending
on its severity, this disease can modify milk production, both in quantity and in composition. These
situations are described in paragragh3.1.1.1.8Ml consequences

2.2.2.1.2.10 Ketosis effect on dairy production

When ketosis occurs, it alters milk production, both in quantity and composition. This situation is described
in the paragrap.2.3.2.1.1.3.mImpact of ketosis on pritiluction performance

2.2.2.1.2.11 Limpingeffect on dairy production

When limping occurs, it alters milk production, both in quantity and composition. This situation is
described in the paragrapt?.3.3.1.1.3.Enpact dimpingn milk production performance

2.2.2.1.2.12 Quartetoss

When onequarterof the udderis dry (for example following a severe caseasfitis, se@aragraph
2.2.3.1.1.1.3.B8nportat decrease in milk prodjcti@udder produan is reduced by 20% (ECOMAST)
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which amounts to slightly incredke theoretical quantity of milk produced by each of the healthy quarters
of the udder, according to the followiaguation

0 ————e TWIpox
2.2.2.1.2.13 Feeding
In this chapter milk production is calculated on the basis that the cow is fed in a balanced way. During

production peakit may be necessarydive someoncentratén addition. This method is detailed in
paragrapl2.2.6.2.2Production concentlagts

2.2.2.1.2.14 Daily hazard

A hazard is applied to the daily milk production. This hazard meets the folbtnaragter

Criterion Distribution
Quantity Uniform (+ ori 2kg)
FC N (0; 1.25)
PC N (0;0.5)
SCC N (0; 01)

Table28: Daily hazard on milk performance

2.2.2.2 Parameters for lactating farmer management

Different parameters allow the user to define the management rules related to lactation.

2.2.2.2.1 Dryingoff

The simulator offers to the userdecide the drying periaturation (separagrapl2.2.2.1.1.8Basidactation
duration dryingffprogrammin®@y default, this duration &et to60 days.

In the same way, tlteecreasedmount of milk produced per ddyring a period of 7 days automatically
decide tharyingoff is configurable. The default value is 5 kg.

2.2.2.2.2 Milking frequency

The simulator offers differediily milking frequencies

- once aday
- twice a dafdefault valug
- above twice a day

This option may affect the amount of milk produced fiseagrap!2.2.2.1.2. Milking frequency

2.2.2.2.3 Minimum lactation stage for delivered milk

A legalactation stagmust be respected before the milkassiderednarketable (sgmragrapt2.2.2.1.1.5
Milk destinatipnThe default value applied by the simulator is-@asixdelay. Howevehe experimenter has
the possibility to set this value to decide on a different number.

2223 Data produced
The data produced concern milk deliveries, Isiclkes andnonthly testlayresults.
2.2.2.3.1 Milk deliveryto a dairy

Production typemonthly.
Information levelHerd.

Result file name«DeliveredMilk.csw
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This data represents theonthly assessmentroflk production (sum of the daily dairy production) for the

herd. This production is reduced by calretk consumption if this option is to be chosen (s@eagraph

2.2.6.2.1.1Jnweanech).

The available fields are:

Field name Format Value
Date Date (*) Monthly testaydate
Liter_quantity real Monthly delivered milk quantity
(literg
Liter FC real Monthly average FC in mi(ky/l)
Liter PC real Monthly average PC in mi(g/l)
SCC(**) real Monthly average SCC in milk
(1000/ml)
Campagn Campaign(*) Campaign involved

Table29: Data structure of monthly results of delivered milk

(*) Sedable2: Typalata formatmgel 2.

(**) Obtaining theSCCvalue igletailed inparagrapl2.2.3.1.1.1.3.Increase in someéit count

2.2.2.3.2 Spread and discarded milk

Production typemonthly.
Information levelHerd.

Result file name«DiscaredMilk.csy

This data represents the monthsessmenf discardednilk (sum of the daily quantities of milk actually

discarded) for the herd. This result takes into account the passislemptiorof discardednilk by calves,
if this option is to be chosen (yeeagrapt2.2.6.2.1. Unweanech).

The available fields are:

Field name Format Value
Date Date(*) Monthlytest dayate
Liter_quantity real Quantity of milk discarded in the mont
(literg
Campégn Campaign*) Campaigrinvolved

Table30: Data structuref monthlyresults of carded milk

(*) Sedable2: Typealata formatmagel 2.

2.2.2.3.3 Performance estimation bonthly testlay

Production typemonthly (on the fifth of the month

Information levelHerd.

Result file name<MilkControls.csw

This data represents the résdldairy check#\lthoughin this case the cows are nevertheless considered to

be in lactationdiscarded milk (colostrum, mastitisis excluded from the composition control.

The available fields are:
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Field name Format Value
Date Date (**) Monthly tesdaydate
Herd_cow_count integer Number of cows in the herd
Milking_cow_count integer Number of milling cows in the herd
Averagemilk_quantity cow real Average milk quantity per mitig
cows (checked) theonthly testlay
(kg)
Averagelactation_stage integer Average lactation stage of the co
that arenét d
AverageFC real Average milk FC of the dé&y'kg)
AveragePC real Average milk PC of the déykg)
AverageSCC(*) real Average SCC of the déy000
cellulesml)
SCC_300_prevalence real 17 ratio of milking cows whose SC
exceeds 300 000 ¢/ ml on the
monthly testlay
SCC_300_incidence real Incidence ratio for SCC thresholc
at 300 000 c / m(**)
Campégn Campaign(**) Campaign involved

Table31: Data structuref monthly testlayresults

(*) SCC representsilk aspectThis concept is detailed raragrapl2.2.3.1.1.1.3.Increase in somedit count

(**) The incidence ratio is obtained by calculation BH / (BB + BH), with BH the number of milking cows whose milk SC& produce
the previous month was less than 300 000 ¢ / ml and whose X&€€ded 300 000 c / ml dhe monthly testlay and BB that of
milking cows whosmilk SCC produced the previous month was less than 300 000 c / ml and who remained with an SCC less than

300 000 ¢ / ml orthe monthly testay
(***) Sedable2: Typalata formapmgel2.
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2.2.3 Health

This module deals with production diseases that can have an economic impatteboih of production
loss and in terms of health costs related to their treatment.

The wodiseassthat areimplemented by the simulator and described in this chapterastitis(i.e. intra-
mammary Infectionsketosisand limping

2.2.3.1 Intramammaryinfection (IM/)

In the lactation phase, somatic cells are naturally present in the milk praatugdidjited concentration
evenif there is ndnfection.IMls are infections caused by the proliferation of different types of inracteri
They impacthe immune defencesystenof the cow, which has the effect of significantly inicgése
concentration of these somatic cilishe milk They can appeanr the four quarters of the udder. These
IMIs hare consequences on the milk quantity posdu by cowsnd on their reproduction. These
consequences can go as faudmgng the cow. Depending on their severity, IMIs may require treatment
for recovery.

2.2.3.1.1 Constantbiological and technical valdes IMI

2.2.3.1.1.1 IMI description

The chapter 6s pu difiecest gypes of mdstidis, thaegedtyeve their reldtien tothe
lactation stage, and thémpact on milk production and animal health.
2.23.1.1.11 IMI types

The IMIs implemented by the simulator are of five different types, which makes it possiblénto take
account the diversity of the current epidemiologloatal entities:

Bacterum name Short name
Staphylococcus aureus StaphA
Streptococcus uberis StreptU
Gram Negative bacterium G-
Coagulase Negative Staphylococcu CNS
Corynebacterium bovis CB

Table32: Bacterum responsible foiMI

2.2.3.1.1.1.2 IMI severity levels

When it occurs, eadMI can begirassubclinical or clinicahastitis, varying idifferentseverity leveland
with varioudrequencies.

2.2.3.1.1.1.2.1 Definition of IMI severity levels

Severity levels were defined as follows:

Name Definition
GO SubclinalMI
Gl IMI with slight milk modificatiorfclinica)
G2 LocallMI (clinica)
G3 Systemi¢MI (clinica)

Table33: IMI severity levels

2.2.3.1.1.1.2.2 Seveity levels by IMI type and Iactation stage/copregnancgtage at infection time

Three degrees of severity can be differentiated according to the stage and lactation number of the cow
(RoberiBriand, 2006)In the simulatorthey are distributed as follows:
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Lactation stagé)

Lactation number

Primiparous 2 lactations | 3 lactation et +
Peripartumandearlylactation increase increase increase
Lactation basic basic increase
Dry period decreagk increase increase

Table34: Modulationin IMI severity biactationstage and rank

(*) the duration of the periods is definedogragrapl2.2.3.1.1.3. Periods at rishagetl.

Thus, when the cow is infected, thél initial severitypossibly increased or decreased) of the IMI is
evaluateds follows:

Risk leve %)
IMI ty pe basic decreasedncreasell
GO G1 G2 G3
StaphA 79(817 80) 16 (147 10) 5(41 7) 0(1i 3)
StreptU 40 (407 20) 27 (321 15) 27 (271 53) 6(11 12)
G- 10(107 10) | 375(42.5i 25) | 375 (42.51 25) 15 (57 40)
CNS 90 (907 90) 7(91 6) 2517 3) 0.5(071 1)
CB 98 (981 98) 1.5(1.8i 1.3) 0.3(0.2i 0.4) 0.2 (07 0.3)
Table35: Risk levelaccording to IMI typand severity
2.2.3.1.1.1.3 IMI consequences
Depending on their type, I MI can have
condition.
2.2.3.1.1.1.3.1 Increase in somataell count

c healthequence

IMI occurrence increases the concentration of somatic cells, so the SCC evolves in the vaiowing
(ECOMAST):

IMI _ Decreased | Increased
type Severity SCC SCC
(1000/ml) | (1000/ml)
GO 1320 3800
G1 1000 27000
StaphA =5 7700 47500
G3 27000 55000
GO 2760 6160
G1 2000 260000
StreptV =55 7500 47500
G3 26000 55000
GO 2430 6700
G G1 2500 26000
G2 7500 47500
G3 26000 55000
GO 530 2080
G1 700 27000
CNS G2 7500 47500
G3 27000 55000
GO 310 1980
CB Gl 500 20000
G2 6000 34000
G3 20000 40000

Table36: IMI occurrence impact on quarter SCC

This variability is implemented by the daily application of a uniform law delimitedloywéstand highest
valueghus determined, possibly cumulative if sevaaatitis (thus of different bactem) simultaneously
were to occur in the same quarter.

According to the&sCCresulting from the IMI, the quarter milk can be dismissed bfatheer The strategy
implemented under these circumstances is detaifgaraigrapl2.2.2.1.1.0Milk destination
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2.2.3.1.1.1.3.2 Important decrease in milk production

The quantity of milk producednaturally reduces with the increase in sonwaik count(seeparagraph
2.2.2.1.2.8omaticell couptWith regard to clinical mastitis, milk production loss dutirgs&ere phase
is specifically modified the following wayRoberBriand, 2006)

Milk loss in the quarter
IMI . . Lowest Highest
type Severity :—gg:(g/:)t duration duration
0) @)
Gl 20
StaphA G2 40 8 10
G3 75
Gl 25
StreptU G2 40 5 10
G3 75
Gl 1
G- G2 4 5 15
G3 110 &
Gl 0
CNS G2 40 2 10
G3 60
Gl 20
CB G2 40 2 10
G3 60

Table37: Consequences of IMI clinical cases on quarter milk production

The variabilty of a mastitis duratiois implemented by the application of a uniform law delimited by the
decreasedndincreasedalueghus determined. This is also the case for the variability of the percentage of
milk loss associated with it. If the qearthas multiple infectionsi(e. different bactetim), the highest
percentage of milk loss will be applied.

In extreme cases @B severitymastitisapermanent loss of the quarteay be possiblé isrepresentethe
followingprobabilities

IMI Probability of quarter
type permanent los$%o)
StaphA 2
StreptU 6
G- 2
CNS 2
CB 1

Table38: Probability of quarter loss in G3 mastitis

This eventual loss occurs at the expected end of the infection period and has an effect on milk production
in the neighbouringquarters (segaragrapl2.2.2.1.2.1Ketosis effext dairy production

When ketosis occurs, it alters milk production, both in quantity and composition. This situation is described
in the paragrap.2.3.2.1.1.3.Impact of ketosis on pritikluction performance

2.2.3.1.1.2 Limpingffect on dairy production

When limping occurs, it alters milk production, both in quantity and composition. This situation is
described in the paragrapt?.3.3.1.1.3.Enpact dimpingn milk production performance

Quarterloss.

1 The loss is totalor the quarter, and impacts 108fthe neighbaring quarter

3997



2.2.3.1.1.2.1.1 Mortality andcullingriskrelated to GZeverity

G3 severitylMI can have an impact on tleen i ma laécsrdinfg o tthe following probabilitiéRobert
Briand, 2006)

IMI Probability (%)
type Mortality Culling
StaphA 2 2
StreptU 1 1
G- 5 8
CNS 0 0
CB 0 0

Table39: Mortality andcullingriskrelated to G3 severity

2.2.3.1.1.3 IMI incidence

The occurrence or not of an IMI omgaarterof a given cow depends on the combination of a risk specific

to the cow, its environment and the effectiveness girthentionmethods. Thus, the basic probability of

IMI onset depends on the incidence of mastitis on the udder per lactation cycle defined as a reference by the
user (separagrapt.2.3.1.2.Basic incidenceyadirteinfectio perlactation cygleorresponding to the use

of basic means of prevention.

The udder of a cow (af aheifer at the approaoof the first calving) is likely to contract an IMI according
to the following epidemiological model:

|QuarterInssicullingideath %

ar
end of protect or refracting duration

Coming calving for Heifer j

Mastitis occurence J relapse 'ﬁ

Unsensitive Sensitive Infected
*« ——®
1
|N0 protection or refracting periodﬁ
- 4
/’/ L
Praotection or refracting periutPl’

Figurel3: IMI epidemiological model

This model presented here is simplified. The dynamics of infection evolution apptiadnfquarter and

for each type of bactamis detailed ipparagrapl2.2.3.1.1.E&volutioandcure A quarter is likely to contract
multiple IMIs simultaneousiftheywere to be&aused by different bacteri. For each quarter, a refractory
period of 7 day®llowsthe occurrence of an IMI, preventing the appearance of a new infection. At the end
of this period, thequarteris again exposed to IMI. Only onestitiscag can occur on a given day in
neighbouringquartersHoweverjn case ofeveral mastitis ca¢tes different bacténm) the kast common
disorder izonsideredThe ranking order is as follows (from least to most frequent):

- Gram Negative

- Streptococcus Uberis

- Staphylococcus Aureus

- Coagulase Negative Staphylococcus
- Corynebacterium Bovis

The udder is considered infectedébpacteriumwhen one of its quarters is in the infected state for this
bacterum.
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2.2.3.1.1.3.1 Periods at risk

The rik of onset of the disease depessizeciallgn biological periods and production activities, particularly

those related to lactatiqiRoberBriand, 2006)It therefore depeis
whose sequence araference duratioare defined as follows:

on t (meg produxtived periods,

Perti-parttum and early lactation

*——

hedin : calving - 7 days
end : calving + 44 day

| Dirving invaluted

Lactation |

hegin : calving + 46 days
end : dry off- 1 day

Dirving off

begin : dry off + 22 days
end : calving - 3 days

hegin : dry off
end : dry off + 21 days

Figurel4: Sequence and duratiaf (re)productive periods at IMI risks

Notes:

- Theperipartumperiod is also triggerediihg an abortion after the cadvied off, if it hadcaused a
lactation (separagrapt2.2.1.1.5.1 ate mbryonic mortalitydaabortion
- IMl are simulated also for heifers 8 days before their first calvingo@riparturm periodconditions.

Accor di ng ptegnantdctatiorc stagedbmsed tattationafter305 dag and a dry period of 60

days (so for a cycle of 365 da&ys),c h | MI t ype oc c uisthefolavend(ECOMAST): c
Periods

IMI Peripartumand
type lactation beginning Lactation Dryingoff Drying involuted

StaphA 0.42 0.31 0.2 0.07

StreptU 0.51 0.22 0.2 0.07
G- 0.615 0.235 0.1 0.05

CNS 0.825 0.025 0.1 0.05
CB 0.3 0.55 0.08 0.07

Table40: Distribution of each IMI type occurrence accordingregnancynd lactation stage over a year

Thus, relying on two BeRert distributionsvith respectiely a peak on the calving dag alambda value
of 10 for one, and a peak 5 days atrgingoff and alambda value of for the other, the@robabilities of
IMI occurrences are distributed asdats:

Calving

12-10 B 5 4 2 2 46 810

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

42 44 46 -- 300302384306

Drying off

——Staphylococcus Aureus

Streprococcus Uberis

—— Gram Negative

Cozgulase Negative Staphy bcoccus

Corynebacterium Bovis

Figurel5: Distribution ofeach IMI typeccurrenceccording to pregnaniactation stage over a year
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2.2.3.1.1.3.2 Incidence ristodulation

The risk of mastitis incidence can be modulated according to individual situatitwsbaddrgonditions.
2.2.3.1.1.3.2.1 Individual modulation of incidence risk

2.2.3.1.1.3.2.1.1 Dairy production

IMI incidence may change according to the amount of milk produced during a ladtatidk.quantity
decreasethe risk is attenuate@illon, 2015) On the contrary, during peak production, the risk increases

Risk factor relating to

the milk production
N

Maximum factor

Minimum factor

=
0 ini ; e
Minimum threshold Maximum threshold Milk of the day

Figurel6: Riskfactor for mastitis incidence according to milk production

Thethreshold valuesf the udder productiormand ofthe afferent risk, depeiiag on the bacterium studied,
are defined in the following way (ECOMAST):

Decreasedsk Increasedisk
IMI type Production | Production .
threshold(kg Risk factor threshold(kg Risk factor

StaphA 25 0.50 50 15
StreptU 25 0.45 50 2.0
G- 25 0.45 50 1.8
CNS 25 0.50 50 15
CB 25 0.50 50 15

Table41: Risk factor valuder mastitis incidencaccording taudder milk production and bactarn presence

2.2.3.1.1.3.2.1.2 Lactation rank

IMI incidence may be different depending parity, it tends to increase throughout its productive life
(Billon, 2015) In order to take this effect into account in the simulator, a risk factor relatesl fimctation
rank is aplied. Without distinction ofbacterim type this risk is determined in the following way

(ECOMAST):
Number of lactations Risk factor
1 0.75
2 1
3 1
4 et+ 1.5

Table42: IMI risk dependingn lactationrank

2.2.3.1.1.3.2.1.3 Potential milk

The milk potential influenceBvil incidenceduring lactation phases. The more milk the cow is able to
produce, the higher the risk of developing masi{Rillon, 2015) Thereforgthe simulator applies a risk
factorbased on the following valuesthout dstinction ofbacterim type(ECOMAST):

Decreasedisk Increasedisk
Potential milk 4000 kg 12000 kg
Associad risk 0.8 25

Table43: IMI risk relatedto potential milk

42/ 97



The nilk potential implemented here is the individual's corrected milk performance P, based on the
corrected lactation production (cumulative over 305 days and adult level) of the breed, desardmgd it
2.2.4.1.1Genetic valuassociated with phenotypg trait

2.2.3.1.1.3.2.1.4 Individual character

Individual susqatibility to mastitis is determined/lthe phenotypic trait "MACLUBescribed irparagraph
2.2.4.1.2ndividual genetic valllee principle adopted for its consideration at the simuldgieel is to apply
to the risk the factor represented by the corrected performance of this phenotypic traétrdgesph
2.2.4.1.2.2ndividual potentialadult stage

2.2.3.1.1.3.2.1.5 Ml risk related to prasting SCC level

Preexisting high SC@n the uddermay have a beneficial effect on the incidence of IMI during lactation.
Conversely, a low level nfayourits appearancBillon, 2015) The simulator produces these effects by
applying a risk factor based oe following valugEECOMAST):

Risk factor
IMI type SCC 75 (1000/ml)
SCC< 75 (1000/ml) and SCC> 750 (1000/ml)

SCC 750 (1000/ml)
StaphA 1 1 0.8
StreptU 1 1 0.8
G- 1.1 1 0.8
CNS 1 1 0.8
CB 1 1 0.8

Table44: Risk factovaluedor mastitis incidence according to the-gxisting level of SCC

2.2.3.1.1.3.2.1.6 Quarter interdependence

The risk of mastitisccurring in one area is increased by the presence of mastitis of the same type (same
bacterium) on another area of the udder. These complementary risk factors are defined in the following way
(ECOMAST):

IMI Risk

type factor
StaphA 3.2
StreptU 3.2

G- 3.2
CNS 3.2
CB 3.2

Table45: IMI risk related to quarter interdependence

2.2.3.1.1.3.2.1.7 Ketosis
The occurrence of ketosis increases a cow's susceptibility to mastitis. The modalities of this increase are
defined in paragraph.2.3.2.1.1.3.Effect of ketosis on susceptibility ta mastitis

2.2.3.1.1.3.2.1.8 Limping
The occurrence dimping increases a cow's susceptibility to mastitis. The modalities of this increase are
defined in paragraph.2.3.3.1.1.3.&ffect dimpingn susceptibility to mastitis

2.2.3.1.1.3.2.1.9 Specific preventive actipfemented for tbabenefit

The software makes it possible to simulate the benefit of specific preventive actions carried cutvicd the
bendit on the probability of contracting mastitis. The following table is used to define the factor applied to
the current probability ahastitisoccurrenceccording tmne measurgnplementedo the cow:
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. Specific &ctor related to
. . Period Local .
Action modality . severity
involved context -
Severity Facor
Use ofteatduttere
: 0.66
as a replacement Dryingoff All Go
as a supplement * 0.60
é of antibiotic treatmentor dryedoff cows )

Table46: Factor applied to the currelitelihood of mastitis occurrence depending on the spéuifividual preventive
measurémplemented

(*) only during ©ry off» period of th&igurd4: Sequence and durati¢re)productive periods at IMI risks
Managemenbption for the particular individual mastitis prevention action available to the experimenter
described iparagrapl2.2.3.1.2.%°revention measuiaditidualevel

2.2.3.1.1.3.2.2 Modulation of the incidence risk related to herdnagement

2.2.3.1.1.3.2.2.1 Seasonal risk (housing effect)

Depending on the seasanastitisincidenceincreasegor evendecreasg@sThe simulator reproduces this
effect by taking into account a factor timatdulateshe probability ofnastitisoccurrencelepending on the
simulation month and the bacterium studied. This configurable factor is descrizddgrapt2.2.3.1.2.3
Seasonal impactMhincidence

2.2.3.1.1.3.2.2.2 Specific preventive actions implemeetdevat

The software simulates the benefit of sigepitventative actions at hdedel on the likelihood of cows
contracting mastitis. The following table is used to define the factor applied to the current probability of
mastitisoccurrence according to the measures implemented:

. Specific factorelated to
. . Period Local .
Action modality . severity
involved context .
Severity Facbr

. . . . Milk Indoor GO 0.71
Cleaning of teats with use of surgical spirit swab production | Outdoor co 0.69
Always chopped straw in early dry period Dryl(r:)go Ul Indoor GO 0.69
Cows remain standing k#ast 30 mn after DCT Dryingoff Indoor Glto3 0.70
administration *)
Cubicle bedding disinfection in early dry period Dry;ﬂ]f’o” Indoor Glto3 0.64
Pasture rotation remain without cows for > 4 week All Outdoor G0 0.64

Gla3 0.32
Access thoused lying area while grazing All Outdoor GO 1.63
All inside bedding materials storage All Indoor GO 0.7
Transitional yard area/ 1,000 kglk production> Milk _ Indoor Go 083
1.25m2 production
Cleaning of calvingersé
dail 0.62
aiy Indoor peripartum(**) Glto3
less than once a day 0.61

Tabled7: Factor applied to the current likelihood mfstitis occurrenatepending orthe specific preventive measures
implemented at the farm level

(*) only during ©ry off» period of thé&igurd4: Sequence and durati¢re)productive periods at IMI risks

(**) indoor housings used fogatheringhe cowsbout to be calved (eapgripartumperiod),which theyleaveafter calving.

Operator's options or mastiipecific actions are describedaragrapt?.2.3.1.2.@Prevention measures at
herd level

44/ 97



2.2.3.1.1.3.2.2.3 Batch contagion

Mastitis presenda abatchcan have ®ntagion effect to the whole batdinerefore the simulator makes
it possible to define, by bactar, the relatiorbetween the number of cases encountered over the last seven

days, at the scale ofj@arter and the incidence of the simulated daytaking into account a factoused
as follows:

f= 1 +<contagion effettprevalence of the previous week
The effect per bacterium is defined as ¢Bdlon, 2015)

Bactkerium Contagion
effect
StaphA 0.15
StreptU 0.08
G- 0.05
CNS 0.10
CB 0.15

Table48: IMI contagion effect in the batch

Thelocalhistory of infections is reset each time the batch nimragrazingo Indoor or from Indoor to
grazing

2.2.3.1.1.4 IMI detection

The clinical IMI of G2 severityo G3 issystematically detectdawever its not necessarily the cas&af
severityMI. The sensibility omastitis detectiofor those levelsan be modifiedt isdescribed iparagraph
2.23.1.2.2Sensitivity detectiblowseveritglinical mastitis

2.2.3.1.1.5 Evolutiomndcure

The evolutiondynamics o q u ar t e rby abacterurhtypeid defmed according to the following

model:
~.
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I . Mo DS
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s | -
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|
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T
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Figurel?: IMI evolution dynamics
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2.2.3.1.15.1 Spontaousure

While cureusually requires treatment, it can be spontangRilisn, 2015)

2.2.3.1.1.5.1.1 Basic spontaneogsire

Subclinical IMls, if they do natirn into clinical mastitis (sqeragrapt?.2.3.1.1.5.2.Clinical recurrence of
persistent subclinical infgcilaraydieal spontaneousli. G1 severitfMl, if it has not been detected, will

not benefit from the appropriate medical treatments. It can nevertheless heal spontaneously under the
following conditions:

During lactation At dryingoff
IMI type (from peripartum until Dry period
dryingoff)

StaphA 0.2 0.35 0.2
StreptU 0.3 0.45 0.3
G- 0.9 0.9 0.9
CNS 0.2 0.7 0.65
CB 0.2 0.6 0.5

Table49: Baselineate of spontaneousireof a G1seriousned#/l not detected according to the pathogen

2.2.3.1.1.5.1.2 Cureinduced bythe cureof a new infection in the quarter

Mastitiscure(caused by a bacterium) that occurs after a mastitis alreadygoartee(so due to another
bacterium) can trigger tloaireof the latter. The survival probability of psésting mastitis in this case is

determined under the following conditions (ECOMAST):

Current healed PreexistingIMI in the quarter
IMI StaphA StreptU G- CNS CB
StaphA 1.0 0.5 0.5 05
StreptU 1.0 0.5 01 0.3
G- 1.0 1.0 0.1 03
CNS 1.0 1.0 05 07
CB 1.0 1.0 05 0.7

Table50: Probability of prexisting mastitis during tleaireof a previous mastitis

ForG3 severitynastitis they will heal according to this modality only if it was expected that they heal. This excludes
those for which guarterloss, aullingor a mortality was foreseen (samgrapt2.2.3.1.1.1.3.BEnportat decrease
in milk producti@mdparagrapt2.2.3.1.1.2.1.Mortality andullingiskrelated to G&verily

2.2.3.1.1.5.1.3 Individual modulaibn of spontaneousure
é
2.2.3.1.1.5.2 Mastitisvorsening

Under certain conditions, mastitis magrsen This may be the caseagbersistent subclinical mastitis or
anundetected G*everitymastitis.

2.2.3.1.1.5.2.1 Clinical recurrence of persistent subclinical infection

Persistent subclinical infecticer® atisk of clinical recurrence, the probability of which is defined as follows

(ECOMAST):
IMI .
type Probability (%)
StaphA 30
StreptU 60
G- 90
CNS 10
CB 0

Table51: Clinical recurrence of persistent subclinical infection dependibgaenim type
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Thus, at the end of the period initially defined for eachs@6ritymastitis, a random draw is carried out,
making it possible to determine whether the mastitis has worsened ¢ibnning& 1 severityor if it has
been the subject of spontaneguse

2.2.3.1.1.5.2.2 Worseningof undetected clinical mastitis

When aG1 severitynastitisis undetected (see paragraph3.1.2.B5ensitivity detectiblowseveritglinical
mastitls it evolves in 10% of the cases and after 2 day&h severityOtherwise, ifit does not heal
spontaneouslfsegaragrapt2.2.3.1.1.5.1.Basic spontaneocws, it evolveso subclinical mastitis after one
week.

2.2.3.1.1.5.3 Curdollowinfarmegiverreatments

When an IMI is detected, it is systematically subjected to a treatment providedfdoynéreThe
effectiveness of this treatment will be different according tan#stitistreatmentplan that will be
implemented and th individuabd sharacterMedical treatment is provided as soon as clinical mastitis is
detected. This treatment is carried out over a given period of time and its effects may require a certain delay,
which generally leads to not marketing the milk ofifected udder, during treatment but also beyond.

Other mastitis (including subclinical) present indharteralso benefit from the treatment caused by the
detection of clinical mastitis, under the same conditions as those set in the treatment plan.

Under certain conditions, this treatment may have a protective effect against the occurrence of new mastitis,
regardless of the bacterium. This eventual effect is applied as soon as the treatment is taken.

The criteria for defining treatments are configleaaccording to the procedures describeplanagraph
2.2.3.1.2.&rreatment plans

2.2.3.1.1.5.4 Rdapse

The probability of a clinical relapse of persistent (unhealed) mastitis is defined, depending on the pathogen,
as followgRoberBriand, 2006)

Relapse

Pathogn probability
(%)
StaphA 50
StreptU 50
G- 10
CNS 10
CB 10

Table52: Pathogemelated relapse probability

This probability corresponds to the potential risk of clinical relapse in the 245 days following the start of an
untreated IMI (GO and G%everitynot detected) but healed spontaneously. It is simulated according to a
beta law shifted to the lefi€ 2,b = 4) so that the probability of relapse is maximal withara§§ost IMI.

This relapse is effective only if the affected area is susceptible to this mastitis at the scheduled time.

2.2.3.1.2 Parameters for IMI management

Various parameteenale the usetto changéreeding s s ani t a acgordngtotle it mwlnast i on o6 s
needs.

2.2.3.1.2.1 Basic incidenceprdrteinfectio pedactation cycle

The simulator implements a factor (default value is 1.0) defining the basic level of mastitis risk during a
reference lactation cycle (see parag@@p8.1.1.3.Periods at rjgk a nominal milk production and without
the use of the specific prevention methods proposed to the user (see belosgr Ehable to modify the
value of this factor which will allow him to simulate an increased (value > 1.0) or reduced (value < 1.0) risk.
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2.2.3.1.2.2 Sensitivity detectiblowseveritglinical mastitis

The experimenter has the possibility of settingptbability of detection by the farmer of G1 clinical
mastitis. The default value is 50%.

2.2.3.1.2.3 Seasonal impactMhincidence
The experimenter can define the seasonal impadiibimcidence It assigaa factorthat decrease or
increasehe basicvalue (neutl value equal to 1) for each bacterium and each month of the year.

In order to highlight the increase Ikl incidencein summer and winter for certain baaten the default
valuegroposed by the simulator were defined as fo(B@OMAST)

Worseningfactor
IMI Summer Winter Rest of the
type (from july to (indoor period, from year
august) decembeto february)
StaphA 1 1 1
StreptU 1.2 1.2 1
G- 1.5 1.5 1
CNS 1 1 1
CB 1 1 1

Table53: Defaultsvaluedor IMI incidentchange factors by seasons

2.2.3.1.2.4 Treatment plans

When a mastitiss detected by tHfarmer a treatment follow3.he plan applied in this case infigurable,
its default valuesre as follow@Billon, 2015)

Lactation period
(peripartum until dryingoff) Drying-off and dry period
Name Default wide range treatment Default AB BRreatment
Delay before effect 2 1
(d) -
Waiting time mi
@ - o
. Cure Rolative r_|sk Protection Cure Relative r.'Sk Protection
Bactrium probability gilBlaiestve duration (d) probability of protective duration (d)
effect effect
StaphA 0.45 0.00 0 0.65 0.589 72
StreptU 0.70 0.00 0 0.92 0.586 72
G- 0.95 0.00 0 1.00 0.895 72
CNS 0.85 0.00 0 0.95 0.943 72
CB 0.90 0.00 0 1.00 0.781 72

Table54: Default valuesf mastitis treatment plan according to the period and the bacterium

Treatmenftcosts are set in the accounting modulegasgrapt2.2.7.1Accounting paraméters

2.2.3.1.2.5 Prevention measuieditidualevel

The simulator makes it possible to seprgventiveone actionthat can be carried out atdividual level.
The options are:

- Type of therapeutigroduct for dry cows:
0 antibiotic treatment alone (default value),
0 shutters alone,
0 antibiotic treatment and obturators.

Unlessthe valueselecteds those defined by default, these options havenpacton mastitisoccurrence
probability(seeparagrapl2.2.3.1.1.3.2.1.8pecific preventive aittiplemented for ¢babenefjt
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2.2.3.1.2.6 Prevention measures at herd level

The simulator makes it possible to set up various preventive actions that can be carried out at farm level. The
options are:

- Teat cleaning methods bef@ach milking:
0 teat cleaning without use of surgical spirit swab (default),
0 teat cleaning using a surgical spirit swab.
- Shredding straw in early dry period:
0 neverchoppedstraw (default value),
o alwayshopped straw.
- Cows remain standing duration after D&Iministration:
0 less than 30 minutes (default value),
0 more than 30 minutes
- Cubicle bedding disinfection in early dry period:
0 not done (default value),
o0 done.
- Outdoorrotations
0 Outdoorrest less than 4 weeks (default value),
o Outdoorrest greater than or egluo 4 weeks.
- Access tboused lying area whilgazing
0 no access (default value)
0 aces
- Bedding material storage
0 not always insid@efault valug
o always inside.
- Transitional yard aréd,000 kgmilk production
0 less tharl.25m?(default valug
0o morethan1.25m?
- Cleaning of calvingens
o after each calvingefault valug
o dalily,
o0 less frequently than once a day

Unlessthe valueselected are those defined by default, these options havyeaaton mastitisoccurrence
probability(segparagrapl2.2.3.1.2.6Prevention measures at herd level

2.2.3.1.3 IMI produced data

IMI produced data are the estimation of teat health.
Production typeannual (thdast day of exerc)se
Information levelHerd.

Result file name<AnnuaMastitisResults.csv

This data makes it possible to know the mammary heatlte dferd, on the basis of the observation of
clinical mastitis detected and the average of the present cows.

The available fields are:
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Field name Format Value
Herd_cow average integer Average of the number of cows i
the herd(*)
Clinical_mastitis_per_100_cew integer Number of clinical cases occurrin
for 100 cows present (**)
First_clinical_mastitis_per_100_cow integer Number of first clinical cases of g
cow occurring for 100 present coy
Herd_SCC integer SCC average
(1000 cds/ ml) (**)
Under_300_SCC_per_10@ontrok integer Percentage &CCcontrols not
exceedin@00000 ceks/ ml (*+=)
Campagn Campaign*+*+) Campaign involved

Table55: Structure of annual outcome data for clinical mastitis

(*) Average of the number of cows present at the monthly dairy checks.

(**) Severity GItheoretically clinical) mastitis that has not been detected is not counted here.

(***) Average SCC measured during monthly dairy checks.

(****) Records at monthly dgichecks.

() Sed able2: Typeata formafagel2.
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