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which pattern
for different countries?
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Introduction

= Small ruminant livestock are of socio-economic and environmental
importance to many rural communities around the world (o, 2009)

their sustainability is a crucial issue (oyetal, 2020; Leite et al., 2021)

" Choosing breeding goals adapted to such issue (ehocas et al, 2016), bV
selecting traits that enhance:
= Resilience/robustness = buffer, adaptive and transformative capacity in a
changing/uncertain context (pumont et al., 2020)
= Resistance to heat stress (Sejian et al., 2019; Sanchez-Molano et al., 2020)
= Resistance to parasitism and diseases (Hine et al., 2022; Doeschl-Wilson et al., 2022)
= Efficiency = production related to the use of the necessary resources

» Feed intake (Amarilho-Silveira et al., 2022)
= | and use (Hennessy et al., 2021)
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Introduction

= SMARTER (SMAIl RuminanTs breeding for Efficiency and
Resilience) H2020 project aims to redefine genetic
selection criteria to increase the sustainability

of the small ruminants sectors ,S m a rte r
= Adjusting breeding objectives to small ruminants
farmers’ expectations, actual breeding practices

and views on sustainability (Perucho et al., 2019; Kosgey et
al., 2006)

SMAII RuminanTs breeding for Efficiency and Resilience

What criteria (genetic or not) do farmers/breeders use?

Which traits do they think are relevant to increase the
sustainability of their farm?

3
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Which diversity in SMARTER project?

@ milk
@ Meat

Sampling
France Greece Italy Spain Uruguay

w w O wmww W w W

Lacaune Causse du Lot Assaf Boutsko Skopelos Alpine Assaf Corriedale
Manech téte rousse Romane Chios Saanen Merino —_
Frizarta
Lacaune

N = 83 N =60 N =50 N =63 N=16

\ J
|

— 15
Breed x System

N =272 farms

4
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Material and methods
To collect information on farmers' practices, | [ [ oo h
we decided to conduct interviews with L e T
farmers and breeders.
Interviews about the farmers' practices z_m-,AEDmNG
. . . . | Guanbitatiuevarjahlles“h-'li.ZOJ | | Cat!:g.-ol.il-:flviriables {n=31) |
- to identify livestock selection { A }
| Active var iables (n = 12) | | uuuuuuuuuuuuuu iables {n=39) |
management -
- to understand farmers’ choice { T ]
e
| rrrrrr hical clustering |
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Material and methods

1. DATA COLLECTION

e 15 breeds sheep & goat

* Different types of system: milk production, meat
production, wool production, dual-purpose

e Different local conditions: Extensive, semi-
Intensive, intensive management

Vincent Thénard ]]]m
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Material and methods

> 2. DATA EDITING

" Final dataset: 272 individuals described by 12 active (+ 29 supplementary)
variables

|.  Crops management: @

Il. Flock management:

= V1 - Replacement rate (%)
= V2 - Percentage of artificial insemination used in the flock (%)
» V3 - Use of Al: Only natural mating / Only artificial insemination / Both Al and NM

7
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Material and methods

> 2. DATA EDITING

" Final dataset: 272 individuals described by 12 active (+ 29 supplementary)
variables

lll. Genetic management practices:
= V4 - No. of culling criteria: 0to 1/ 2 to 3/ 4 and more

= V5 — Culling criteria: No culling criteria / Production only / Functional traits only / Production
& Reproduction [ Production, Health & Age

= V6 — Type of criteria used to select animals: No genetic criteria / Genetic only / Genetic &
Phenotypic / Genetic, Phenotypic & Socio-economic

= V7 — No. of selection traits used: 0to 2/ 3to 5/ 6 and more
= V8 — No. of traits to A sustainability: 0/ 1 to 3 /4 and more

= V9 — New traits to A sustainability: No answer / No need / Production / Robustness /
Robustness & Health

8
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Material and methods

> 2. DATA EDITING

" Final dataset: 272 individuals described by 12 active (+ 29 supplementary)
variables

V. Socio-technical information

= V10 - Change to make in selection indexes: No change / More traits /| New indexes with
different weighting

= V11 - Breeder status: Farmer using genetic progress / Breeder
* V12 - Enrollment in performance recording organisations: Enrolled / Not enrolled

9
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Material and methods

> > 3. MULTIVARIATE ANALYSIS

" Factorial analysis of mixed data (FAMD): analysing pattern of
relationships described by both quantitative and categorical data

" Hierarchical clustering: discriminating and characterising groups of
small ruminants’ farmers with contrasted breeding practices
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. Axis 1 determined by the level of integration of small ruminants’

P I'a Ct |CeS dand |yS |S farmers in the sociotechnical system of breed selection and
performance recording

Prod_bnlfy

No_Cllerit
DontKnow LY Cull_on0?1 Al_onlv
Gerjlcrit__P'wen_:,-C‘-rit_\":'-ocEc-o’:“ii
I‘J___traif,?s_fr‘ar__su*:-t )
No change NoMeedTraitsForSust
NI\N/I_(TE)?T;O\ Farmer fandmore_CelT-aits
PhenoC:i‘;'_SccEconil 35 Sei R‘raits o

< New_indexss  Emiolisd © T

. Roth_ Al_NN
Dim1 (15.7%) Cull_on2-3

GenCrit_PhanaCrit 1. S
P ole2aet
“N-2_Seliraits

Furstional_only ProdAgeHealth
More_traits
GenCnt - progForSust
.| Robust
Robust Heaith * 2 _TaltsFarSust
AandroseTraiteForSugt

Vincent Thénard ]]]m



SMARTER WP7.2 - Final Meeting 2023 May, 22-23t in Toledo

'Smarter
. . Axis 1 determined by the level of integration of small ruminants’
P I'a Ct |CeS dand |yS |S farmers in the sociotechnical system of breed selection and
performance recording
= Farmers Prod_only
= Don’t know EBVs N Cller
H DontKnow FEY - Al_onlv
= Not enrolled in performance |
. . . GenCrit__P'wen_:,-C‘-rit_\":'-ocEc-oC“Ii
controlling organisations 0 taits_for sust
= Using natural mating only — No_ghange  HeHcadtralsrorsust
, . X . NM bnlyu Farmer fandmora_CelTraits
= Don’t use genetic criteria to i |
. . PhenoCiii_SccEcoCiit 3-5 Seilraits o .o,
k buy breedlng an|ma|S J < ‘\/ New_indexss F..nml_iedr‘* -'-I N
- o Pet_Al_NM
v Dim 1 (15.7%) Cull_on2-3 Gen(ﬁntA_F'hmoCr.t Breader
Furational_only -2 Seliraits
— ProdAgeHealth
. . _Mor‘t::__f:raits
Low level of integration GenCit _ProgForsust
in the sociotechnical Rotust, Holty 9. TaisF arus
4;-.".\dfﬁ-ﬁ'e-Traits.LchL:gt
system of breed selection ?
and performance
recording organisations
12
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. . Axis 1 determined by the level of integration of small ruminants’
P I'a Ct |CeS dand |yS |S farmers in the sociotechnical system of breed selection and
performance recording
- Fa FMers Prod_bnl?y
= Don’t know EBVs No_Cullcrit = Breeders

. Cull_on0-1
Dointknow sy §

= Enrolled in performance
controlling organisations

= Not enrolled in performance
controlling organisations
= Using natural mating only

GenCrit_PhensCritNwetlo ™

0 traits_for_sust

Noi_éhange NeMNeadTraitsForSust = Usin ga rtificial

Gandmora_CelTraits

NotEnicl Farmer

= Don’t use genetic criteria to NWeny |7 | insemination only
) . PhenoCiii_SccEcoCit 3-5 Seilraits
\ buy brEEdlng anlmals J < ‘\/ N2 indexss \ J
- | Rot ANNM
. GenCrit_PherRCrit e,
2% Dim 1 (15.7%)  cuamga N E N
Funstional_only Pr‘od'ATgeI—j!ea!tH
. . _Mor‘t::__f:raits . . .
Low level of integration Genont_ ProgForsust High level of integration
in the sociotechnical Rabust Healt L ! in the sociotechnical
system of breed selection system of breed selection
and performance | and performance
recording organisations recording organisations
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Practices analysis

-

I Dim 2 (11.2%)
Axis 2 determined by the small ruminants’ farmers Pmd;i"_'?'m"cm
views on sustainability and the strategies they | Al_only
intended to adopt to increase it on their farm G Crit_PhenaCrit Sockcoi

f)___trnit;s_fbr__SLlst
No change NoMesdTraitsForSust

NotEnrai Farmer G:mdmal:e_f—‘elT'aits

NM__only ‘
PhenoC:i‘;'_SccEconil 35 _Se ll*g‘raits ProdRepic
[NETT da»s Enrolisd - i
Dim 1 (15'7%) GenC? rit_F‘hmoCr.‘t'B;T.ggﬁ‘l?hm

Cull_on2-3 1
Funstional v N-2_Sellraits
urstional_only ProcdAgeHkalth
Mpore _traits
GenCrit - progForSust
| ‘Robust
Robust Heaity 13 _Taitsi arSust
dandroaeTraiteForqugt
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] . " No need new traits for sustainability L ) _ .
P 'a Ct ICesS and |yS |S = Sustainability is no relevant objective Little interest n at.:ldlng new tr.alts n
= Satisfied with the current indexes ) the: selection |n<.jexe.s.nor n )
" Production-driven management for culling increasing the sustainability of their

farming system

Dim 2 (11.2%)
Axis 2 determined by the small ruminants’ farmers

views on sustainability and the strategies they
intended to adopt to increase it on their farm

Al_onlv

G elf' Crit_Pheng
f)___trniés_fbr__sust
‘ yr.MeedTraitsForSust

it SockooTH

o change

- = .
NotEnig| Farmer i fandmora_SelT-aits
NM__only 3 -

PhenoCiii_SccEcoCiit - N 3‘ -
fLoeekd d-5__fpe||*§ra|ts ProdReprc
New_indexss  Ensolied -

| . -Both Al_NM
Gen; rt_PhenoCrit o 2. 2

TTOTTTOTS

Dim 1 (15.7%)
Cull_on2-3 1
Funstional onl N-2 _Sellraits
urstonal_only - progAgetealth
More_traits
GenCrit  prodForSust
| Robust
Robust Heaity 13 _Taitsi arSust
JandroareTraits-orgugt
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= No need new traits for sustainability
Sustainability is no relevant objective

= Satisfied with the current indexes

" Production-driven management for culling

Little interest in adding new traits in
the selection indexes nor in
increasing the sustainability of their
farming system

Practices analysis

Dim 2 (11.2%)
Axis 2 determined by the small ruminants’ farmers

views on sustainability and the strategies they
intended to adopt to increase it on their farm

Al_onlv

wnit_SockooTH

o chenge iMeedTraitsForSust
NotEnicl ‘ . _
p fandmora CelT-
NM__only Farmer fandmora_SelTraits
Pheno(;rif_SccEconil 8 [ aits BrodR
rodRepic
New_indexss  Enolisd
[ * . Rt AILNM
Dim 1 (15.7%) Gentrit_PhensCrit oz
Cull_on2-3 | Breade:

TTOTTTOTS

. ‘02 Selfraits
Furstional_only ProdhAgetkalth

More traits
GEnCnt  prograrSust
| ‘Robust
Rokust Heaitn 12 _Tlaitsi afSust

Jandros 'e-fraltsFo't}L:s t

{}

= Sustainability is a crucial objective
= Unsatisfied with the current indexes
=  Ask for robustness- and health-related traits in the indexes 16
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Three breeding managements

Little interestin adding robustness traits in the indexes
to increase sustainability

/
Group 1 (n =93)
‘Non genetic farmers seeking
robustness and multifunctionality’ s i
N\ A

Dim 2 (11.2%)

GR-CHI#06 Prod °“'Y
GRi{ACH08 ) ISR

[ oruos ou 2o ,

GR-CH#2 Sk BRR-SKO#36 GRASS#20 : Al_only. - SP-ASS#59
GR-ASS#31——. GR BOU#39 GR-CHi#07 CR” ASS#60 GR-CHI#38, ! SP- ,\SS;Q%P -ASS#57

L GR-BOUR2 o | novrs FR-LAC#06"\ GénCiit | PhenoCrit sagggeﬁo UR-CORo8 5 SP-ASS#41

GR-CHI#327 GR-CHI#41 #10.

SR eRchuQ.Kq_'i&cWasw FRMS SP-ASSH56 SP.ASSH20, 5 1o 0
GR-CHI#23 FR-LACH#07 FR-LAC#01 . urNgcehange g‘NMransForSust o " SP-ABSH02

. . . \ nfaR r ANHIT & rg Al ASSHAT " - spnssm . . . .
Low level of integration in o High level of integrationin

FR MTR!HG
GR-CHI#59 IT- AL?@&%@_@S&@O&)M 0 \ AL IT= SAA!;2$p Assg:sz SP- ASS::Q
SS#04 SP-ASSH3T'sp.ASSH#21

the sociotechnical system . . 7% ‘s‘ﬁ"c‘xw;;c';j SR “"’"éé‘:&‘;cz’m“”*f %ﬂgg;gm "~ thesociotechnical system

#30 Cull_on2-3 | > SP-ASSHOg O HOSH08

GR-BOU#28

FR- CAumz ! GR s Seﬁfﬂﬁ’ép«za 'SP-ASS#36 SP-ASSH#11

FRICAU#18 FR-CAUSI7 PR RO B"I’%&& AP
FR-ROM#1BR-CAU#06,  IT-ALP#31 FR-ROMA# GR- cr-xmo RMTRs0d SP/ASS#12 —
FRMTRgIS_ ERMIRHT = XALPISA FR. ROMHoS GorEAH - " Brodrorsust - 57455410 £p.ps G rou p 3 ( n= 145)
R-GAUMI3 FRMTR#{S FR-LACHOS |1 »\LPFSBM“C=21 ‘UR-CORA05SP-ASSH07
FR-CAU#02 pg Rowna:R MTR#06 FR-CAU#ROUSY tedcRraiskorsustang 18 . LACH20 _ A.Sbnsp ASS#63 p . )
FR-CAU#03 FR-CAUAZ1 __ FR-MTR#10'2 4andifotelrapsrierSysh | T-SAA 1 g MTR#T1 6
IT-ALP#40 FR-MTR#07 FR-MTRA1A  FRMTR#1AT- ALP#44 SP-ASS#06 g p t
FR-ROM#04 FR-ROM#11FR-MTR#20 | FR- HOMQ’:Z o FR-LACH#14 ree erS See |n rO UC |On
s FR-MTR#08—FR-ROM#AR-MTR#10.1 Chios FR-CAU#10 yFRALAC#IS “sp. issos
FRCAUATS  (TA pifzwmff LAFR MTRHo4  IT-ALPHIG ff i d t i b i I t /
AU#1 , IT-ALI FR-ROM#087 ™
oAl e et A efficiency and sustainability
FRROM#TT R “OM””

- High interest in adding robustness traits in the indexes
TR to increase sustainability
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What about Group 1 (n =93) Group 3 (n = 145)
. ‘Non genetic farmers seeking ‘Breeders seeking production
gen etlICcs ? robustness and multifunctionality’ efficiency and sustainability’
N\

O Don't know EBVs M Current indexes meet sustainability B Need new traits in indexes for sustainability

No. Of farms
80

70
60
Views on sustainability 50
40
30
20
10
0

R

Group 1 Group 2 Group 3

" Interest in the issue of sustainability varied among farmers

* Confidence in genetic tools and their relevance to increasing resilience varied
among farmers

» to what extent SMARTER objectives fit farmers’ expectations (vs. breeders’)?

18
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What about
Livestock systems?

e
Smarter

Group 1 (n=93)
‘Non genetic farmers seeking
robustness and multifunctionality’

Group 3 (n = 145)
‘Breeders seeking production
efficiency and sustainability’

Livestock
farming
system

No. Of farms

90
80
70
60
50
40
30
20
10

0

-

- hal
—

Group 1

hai

-
_ A

—

Group 2

-

W

X
N

Group 3

‘H Dairy goat - Dairy sheep B \vicat sheep "__ Wool-meat sheep

]

]

» No overlap between groups and livestock systems: breeding
management strategies and views on sustainability do not seem to
depend on livestock species/farming system

19
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What abOUt Group 1 (n =93) ( Group 3 (n = 145)
. p ‘Non genetic farmers seeking ‘Breeders seeking production
cou ﬂt res: robustness and multifunctionality’ efficiency and sustainability’
S
No. Of farms
60 *
50 *
40 * *
30
Country 2 *
10
Group 1 Group 2 Group 3
[0 France M Greece MItaly B Spain B Uruguay

Overlap between groups and countries: socio-technical elements could explain the
differences between the groups

= Level of structuring of the breeding selection system
= Level of dissemination of technologies and knowledge on genetics (e.g. Al, indexes, genomics)
= Shared knowledge among farmers on specific topics (e.g. sustainability/robustness/resilience)

20
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Discussion
Goat production:
Italy Q0
Greece 0’00 \\f,@
» .\S'\\(J (_,Q/
NN
SKOPELOS: ALPIN or SAADEN: \\ ‘Qﬁ
Semi-intensive system A\

Extensive system

Breeders
production efficiency
and sustainability

Non genetic
farmers
robustness and
multifunctionality

231.7 ha (27-256) 16 ha (3-90) 10.1 ha (1-46)
38.2 UGB goat 12 UGB goat 13.3 UGB goat

21
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Discussion

Milk sheep production

?S*marter

i .0
France Greece Spain O e
® W
> N\ Q
Qc)\ \)(Q
LACAUNE; FRIZERTA; ASSAF; ({& P
MANECH TETE ROUSSE: LACAUNE; CHIOS: ASSAF: \ (Q/

Extensive & Semi-intensive system

O

Non genetic Breeders
farmers production

efficiency and
sustainability

robustness and
multifunctionality

111 ha (20-714)
69 UGB sheep

Intensive system

Semi-intensive system

Non genetic
farmers robustness
and
multifunctionality

Breeders
production
efficiency and
sustainability

Non genetic
farmers robustness
and

111 ha (3-900)

33 ha (1-155) - 27 UGB sheep 109 UGB sheep

22
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Meat sheep production with milk or wool
Urugay Greece France N
O
S
. a,&\(’ &
MERINOS; CORRIEDALE: BOUTSKO: CAUSSE du LOT; ROMANE; ,‘_Q}\ ‘90\)
extensive system T ) O

Non genetic
farmers Breeders
robustness and production
multifunctionality efficiency and

Non genetic
farmers
robustness and
multifunctionality

Breeders

production
efficiency and
sustainability

sustainability

135 ha (70-200) — 60 UGB sheep

1753 ha (88-7300) - 313 UGB sheep 272 ha (25-1000) - 101 UGB sheep

23
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Take-home messages

= Not all farmers have the same level of genetic knowledge and use of genetic tools

= There is no significant overlap between breeding management and
breeds/farming systems/countries.

* The sustainability is a major concern, but the levers are different: health and
robustness, productivity, multifunctionality.

= The Sociotechnical system are fundamental to understand farmers preferences

= How to assess if the goals of the SMARTER project really correspond to the
farmers’ expectations and their need to adapt their breeding system:
breeder/farmer iatus

= "Genetic progress will be difficult to maintain as it is because climate change will
force farmers to adapt rather than relying solely on animal adaptation or
selection”

24
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First results
Resilience and efficiency traits impact system
performances and modify farmers' breeding choices

1. How farmers can increase resilience of small ruminants farming
systems: three management strategies across countries?

2. How social acceptance and economic, social and environmental
benefits of breeding strategies that use R&E traits and genomic tools
to achieve balanced breeding objectives?

Book of Abstracts of the 7374

Feario of APMTSS Increasing resilience of small ruminants farming systemes:

three management strategies across countries
J. Quénon 1, G. Arsenos 2, G. Bailo 3, R. Baptista 4, |. De Barbieri 4, G.
Bruni 3, F. Freire °, A. Theodoridis 2, S. Vouraki 2 and V. Thénard !

73rd EAAP Annual Meeting — Porto (POR)

25
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Material and methods

> > 3. MULTIVARIATE ANALYSIS

Itw section Name of the Definition Type of variable Use of the variable Details
variable in the FAMD

Replacement Replacement rate Quantitative Active

PercOfAl % of the flock on which Al is used Quantitative Active

UseOfAl Use of Al or natural mating Categorical Active Al only / NM only /

Both

BreederStatus Status of the farmer Categorical Active Breeder/Farmer
PerfControl Enrollment in performance recording Categorical Active Enrolled/ NotEnrol

organisation

NbCullCrit No. Of culling criteria used Quantitative Active

Vincent Thénard ]]]m



SMARTER WP7.2 - Final Meeting 2023 May, 22-23t in Toledo ?g
marter

Material and methods

> > 3. MULTIVARIATE ANALYSIS

Itw section Name of the Definition Type of Use of the variable Details
variable variable in the FAMD

CritForSelec Criteria to select reproductive animals Categorical Active Genetical/Phenotype/Other

NbSelTraits Number of traits used to select Quantitative Active Med = 4; Min =0; Max = 10

NbTraitsForSust Number of traits cited as potentially Quantitative Active Med = 0; Min =0; Max =8
increasing the resilience of the farm

TraitsForSust Trfairt]S Cfited as increasing the resilience Categorical Active @ / Production / Robustness
ofthe farm / Don’t know EBV

Changelndex Would the farmer like a new index? Categorical Active More traits / New indexes /

No change
BuyMales Does the farmer buy males? Categorical Active No / Yes with/without EBV

31
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Material and methods

> > 3. MULTIVARIATE ANALYSIS

Itw section Name of the Definition Type of variable Use of the variable Details
variable in the FAMD
UAA Utilized Agricultural Area (ha) Quantitative Supplementa ry
PercMeadGrass % of meadows + grassland in Quantitative Supplementary
UAA
FertiPractices Fertilization practices Categorical Supplementa ry Mineral/Organic/Both/N
one
PercSurfPesti % of UAA on which pesticides Quantitative Supplementary
are used
UGBSmallRum Flock size (UGB Quantitative Supplementary
4. BREEDING LimGenProgress What limits genetical Categorical Supplementa ry Nothing / Organisation /
ORGANISATION progress? Data / Indivdual /
4. BREEDING GenomicsDev How do you consider Categoncal Supplementa ry Want to bein/ Not a
ORGANISATION genomics development? priority
4. BREEDING Crossbreed|ng Do you use crossbreeding? Categoncal Supplementa ry Yes / No
ORGANISATION

32
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Results

Group 1 (n = 93): ‘Non-genetic farmers seeking robustness and multifunctionality’
- Not enrolled in performance recording org.

- Less knowledge of genetics

- Less use of the tools of genetic progress (e.g. indexes, Al).

- Selection of animals on non-genetic traits and culled on functional traits.

- Mostly French and Greek meat sheep farmers

- Smaller flocks

- Multiple-breeds flocks

- Lower replacement rate

- Higher % of meadows and grassland in UAA.
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Results

- Production-driven flock management

- Mostly Greek dairy sheep farmers

- Low % of meadows/grassland in the UAA

- Low use of pesticides

- Selecting on production traits to increase sustainability of their farming system.




SMARTER WP7.2 - Final Meeting 2023 May, 22-23t in Toledo PN
Smarter

Results

Group 3 (n = 145): ‘Breeders seeking production efficiency and sustainability’
- Mostly Spain and Italian breeders + Uruguayan farmers
- Large flocks
- Low % of meadows/grassland
- High use of pesticides
- Demanding flock configuration practices:
- higher use of artificial insemination
- higher replacement rate
- Strong knowledge in genetics
- Enrolled in performance control recording organisations
- Satisfied with the current indexes to ensure the sustainability of their system
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Group 1 (n=93) Group 3 (n = 145)
ReS U |tS ‘Non genetic farmers seeking ‘Breeders seeking production
robustness and multifunctionality’ efficiency and sustainability’
\_ J
Flock size (LSU) 47a 51a 96b
Grassland in UAA (%) 0.599 0.28" 0.36°
Use of pesticides a b C
(% of UAA) 0.59 0.09 0.30
% of Al used (%) 0.06° 0.62° 0.58"
Replacement rate (%) O.23a 0.09b 0.36c
No. of breeds in the flock 1.4a 1.1b 1.1b
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