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Impacts of climate change on sheep and goat systems

Outline:

1.

2.

General overview of climate change (CC)

General effects of CC on sheep and goat systems

. Regional implications and adaptation strategies

. Development of methods/models to predict impact of

climate change
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What is climate change?
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Bio-physical Evidences

Impacts

Solutions:
- Mitigation
- Adaptation
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What is climate change?

Met Office warns of global temperature
rise exceeding 1.5C limit

: Globa! warming made 20142 record hot R et s dnsembane ey Pt gkl wrming p
year - in animated graphics . . —

2014 was the hottest year on record, withoutassistancet - R@COTd hot 2015 gave us a glimpse at the
future of global warming

An exceptionally hot year, 2015 shattered records, but will just be the
norm in 15 years’ time

y agreed upper 1.5C
ritish scientists that
nate change

A The sun nses in Pleasant Pluns, [ilinols. Photograph: Seth Periman/A¥

NASA and NOAA have just reported that global surface ter
the hottest on record. That also means 2014 was likely the
been in millennia, and perhaps as much as 100,000 years.,

But what’s really remarkable is that 2014 set this record w
XL - LA o o R N—— S, | TN [P IS A NS, .

PPN I

A This lustration obtained from NASA on January 20, 2016 shows that 2015 was the warmest year
reco 188 < - 9
Ph

graph: HANDOUT/AFP/Getty Images

bc3 2015 smashed the record for hottest year by about 0.14°C. To put that into
R ACAUE BEMIHE perspective, the previous two hottest years (2014 and 2010) only broke the prior
SRl records by 0.002°C, according to Berkeley Farth data. The only time the



iISAGE
Q‘ Impacts of climate change on sheep and goat systems

Global temperatures

Temperature change across Europe (1901-2017)
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Carbon dioxide (CO,)

Latest CO, reading Z

May 12, 2019

15.39 ppm.

Carbon dloxnde concentratlon at Mauna Loa Observatory
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Carbon dioxide (CO,)

CO2 Levels Are Rising

Carbon dioxide concentrations in the atmosphere have been rising since the
Industrial Revolution.The chart shows evidence from ice cores before 1958
and daily measurements taken in Hawaii after 1958.

May 4,2018
ATMOSPHERIC CARBON DIOXIDE CONCENTRATIONS 40214 ppm
Parts per million, 1700-present T

T T T AT, A O ' L s SEm

400

March 1958
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350

L
:

300
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250 b Ice-coredata Maunaloa |
pre-1958 data post-
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bc3 1700 1750 1800 1850 1900 1950 2000

AAUE CENTHE

R CLIMATL CHANGE SOURCE: Scripps Institution of Oceanography InsideClimate News
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Historic CO, trend

CO; during ice ages and warm periods for the past 800,000 years
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Temperature and CO: Over Time
- Temperature = CO;
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Greenhouse effect

LONDON, EDINBURGE
PHILOSOPHICAL

THE ARTIFICIAL FRODUCTION OF CARBON MOXIDE 23

AND
ssl 5(0..} 3 ssl.sll.\]:ss‘.sl‘.]‘
THE ARTIFICIAL PRODUCTION OF CARBON DIOXIDE JOURNAL OF
AND ITS INFLUENCE ON TEMPERATLURE
By G. S CALLENDAX ooy enlm————wy

Stewm yechnciogiat so the Brithh Blectrical asd Allied Tadustries
pepElanvuatal [FIFTH SERIES,]

(Commenicated by Dr. G. M. B, Domex, FRS)
Manonriat teoeived Wap TR I85cmd Petramy 14 704)

Summany

By fuel combustion man has added about 150,000 milkon tons
of carbun diaxide to the air dering tho past kalf century, The suthor
estimazes from the best avalable data thot approximately three
quarters of this hes remained in the atmosphere,

The radiation abseeprion coefficients of cardbon dioxide and wores
vapost are used 1o shuw the effect of carbon dioxide on ™' sky radia-
pon." From thas the iocrease in mean lemperxture, Jdoue 1o the
artificial peoduction of carbon diexide, is estimated to be at the rate
of w'oe3'C. per year at the present time

The temperalure ahservations at 200 meteorological stotions are
used 10 show that world temperatures have actually increased at an
average rate of o0u3'C, per year during the past half century

“At the turn of the 19t century, Svante Arrhenius calculated that
emissions from human industry might someday bring a global
warming. Other scientists dismissed his idea as faulty. In 1938, G.S.
Callendar argued that the level of carbon dioxide was climbing and
raising global temperature, but most scientists found his arguments
implausible. It was almost by chance that a few researchers in the
1950s discovered that global warming truly was possible.”
https://history.aip.org/climate/co2.htm

APRIL 1896,

XXXI Oa the Influence of Carbonio Acid in the Air wpon
the Temperature of the Ground. By Prof. Svaste
ARREENIUS *.

I. Introduction : Observations of Langley on
Atmospherical Absorplion.

GREAT deal has bean writton on tho influence of

the absorption of the atmosphere upon the climate.
Tyndall f in particular has pointed oat the emormouz im.-
portance of this question. To him it was chiefly the diurnal
and aonoal variations of the temperature that were lessoned by
this circumstance, Another side of the question, that haslong
attracted the attention of ghyuicists, is this : Is the mean
tampocature of the ground in any way influenced by the
presence of heat-absorbing gases inthe almosphere? Fourier}
mnintained that the ntmosphere acts like lass of u hot-
bouse, becauso it lots through the light ruys og the sun but
retains the dark rays from the ground. ‘This idea was
elaborated by Pouillet § ; and Langley was by some of his
researches led to the view, that * the temperxture of the
earth under direct sunshine, even though our atmosphore
wore present us now, would probably to —200° Q. if
that utmosphore did not possess the quality of selective

* Bxtract fram a paper ted to the al Swedish Acadeay of
Sciences, 11th Dagember, 1583, Communicated by the Author,
t ‘ Heat & Mods of Motion,' Radad.s.'wti (Lond, 1&5&.1
{ Mém, del'de. R, d, Sci. de P Inet. de Frames, t. vil. 1837,
rendus, t. vil. p. 41 (1898).

§ Comptes
Pilil, Mag. 8, 5. Vol. 4L. Ko, 251. April 1896, 8
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Human-caused global warming

CO2 emissions vs Atmospheric CO2 Levels
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Human-caused global warming

Temperature vs Solar Activity
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Human-caused global warming

CIHEAM

Cortsboton 1o Globe Warmieg zeer 91e Past 5045 Years
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Human-caused global warming

Climate Consensus?

How many US scientists* disagree with human-induced climate change?

31,486
signed the Petition Project**
(0.24%)

* Those with a degree or higher In Agricultural, Computer, Englnearing, Health, Mathematical and Natural sclances
**+ Daclaring thelr opposition to human-induced climate change theory

David McCandless and Helen Lawson Williams /4 v2.0 /7 Dec 08

InformationlsBeautiful.net
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Impacts of climate change

in the Mediterranean region

iSAGE Training Course , 21-22 Oct 2019, Meknes
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Impacts of climate change

A. Changes in temperature: Hotter
A. Inthe Mediterranean region, average annual temperatures are now approximately
1.5°C higher than during the preindustrial period (1880-1899) and well above
current global warming trends (+1.1°C) (MedECC, 2019)

=
%%
f *)
* >
2 -

w
CIHEAM

Mean temperature anomalies (K)

1880 1900 1920 1940 1960 1980 2000 2020
Year MedECC, 2019

bc?
iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

A. Changes in temperature: Hotter
. In the Mediterranean region, without additional mitigation regional temperature

increase will be 2.22C in 2040 possibly exceeding 3.82C in some regions in 2100
(MedECC, 2019)

Temperature change RCP4.5 in 2081-2100: June-August

MedECC, 2019

iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

A. Changes in temperature: Heat waves
. High temperature events and heat waves (periods of excessively hot weather) are
likely to become more frequent and/or extreme (MedECC, 2019)

A third ofthe world now faces deadly U Iﬂdi.”l‘l snrum Marovains du mande Marac
heatwaves as result of climate change

Study shows risks have climbed steadily since 1980, and the number
of people in danger will grow to 48% by 2100 even if emissions are
drastically reduced

0 Copyrght 1 13#

1 Manx

A 'For Pettwaves, our options 3= now betveen bad or temble: srys the Leod ressancher Bebing the new studs La vague de chaleur que connait actuellement une bonne partie du Maroc va durer au
| Tty |vsages moins jusqu'a dimanche, vient de prévenir la Direction de la météorologie nationale

Nearly a third of the world's population is now exposed to dimatic conditions that (DMN) dans un bufletin spécial.

produce deadly heatwaves, as the accumulation of greenhouse gases in the
atmosphere makes it “almost inevitable that vast areas of the planct will face Il est ainzi queston de températures dépazsant 2s 40 degrés ge eudi 3 dimanche. Ce sera i
rising fatalities from high temperatures, new research has found,

Cas par axeniple & Ass nera, Tetd Hhaoua Marrekec

- 1'a Keloat-Seoqhna. R Youzsouha, Knounge, Larache Duezzane, Sidi Kacem, Sid
Climate change has escalated the heatwave risk acress the glohe, the study states, ’ VR "

bf?3 with naasrde half af tho warlde memnlation cor ta suffar narinde af Acadle haat bar
W

“aRELATL Chanct iSAGE Training Course , 21-22 Oct 2019, Meknés

slimane au ancore fardant
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Impacts of climate change

B. Changes in rainfall patterns: Precipitation
* Climate models indicate a trend towards reduced rainfall in coming decades in the
region of southern Europe/Mediterranean. For each degree of global warming,
mean rainfall will likely decrease about 4% in much of the region (MedECC, 2019)

CIHEAM

100 . l . 100 MedECC, 2019

w— RCP8.5
e RCP6.0

RCP4.5 |
e RCP2.6
== histofical

50
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I\

I ." i
l"‘n”"" ks

: ¥ »
LA lll

9 1P 1.
£ 0 w- a.«w E { i
A b il |
At A ¥ ‘
ik
50 "“". - -s0
100 . ! l -100
1900 1950 2000 2050 2100 2081-2100 mean

bc3
iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

B. Changes in rainfall patterns: Precipitation

CIHEAM

* Climate models indicate a trend towards reduced rainfall in coming decades in the
region of southern Europe/Mediterranean. For each degree of global warming,

mean rainfall will likely decrease about 4% in much of the region (MedECC 2019)
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Impacts of climate change

B. Changes in rainfall patterns: Droughts

. Frequency and intensity of droughts have already increased significantly in the
Mediterranean since 1950 (MedECC, 2019)

'Day zero' water crises: Spain, Morocco,
India and Iraq at risk as reservoirs shrink

A new early warning satellite system reveals countries where
shrinking reservoirs could lead to the taps completely drying up

L=

2013 2007 &

- > |
||

?:3 i A"N

The Guardian, 2017
3E Training Course , 21-22 Oct 2019, Mekneés
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Impacts of climate change

B. Changes in rainfall patterns: Droughts

. Frequency and intensity of droughts have already increased significantly in the
Mediterranean since 1950 (MedECC, 2019)

Evolucion del agua embalsada y la capacidad de las reservas
Desde 2005 hasta semana 40 de 2019

=Y
R

20.000

hm3 (Unidades)

elindependiente.com, 2019

bc?
iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

B. Changes in rainfall patterns: Droughts
. Frequency and intensity of droughts have already increased significantly in the
Mediterranean since 1950 (MedECC, 2019)

Balada de auxilio de unas ovejas por la sequia La sequia complica la trashumancia en su
. , o s " viaje a las dehesas de invierno
Un rebano trashumante que no cncucntra pastos cn Extremadura pide asilo cn Mad

(™) j o © | Los hermanas Cardo atraviesan estos dins las cafadas reales caming del Valle
o ‘J ¥ 11- Alcudis

© | La incertidumbre de no saber silas 1600 ovejas que conducen pedrin beber al

ments una vez al dis s su nayor preocupacion

50T 1 m u

EETHEN BANGHEZ
Comunidad du Madrid

APUNTATI

TE PUEDE INTEI

rasumanay er

of g ac talasa, on la finta dod munegio de Maadahenda dands ¢ rebhafio trasbumantc capcra
viowls CARIQR RDSHIO

Comrmnikal

La intensa sequia gue padiece Espaha ha obligado al redbafo de 1300 ovejas que ,;‘,’...,_,.,,,_,,_,,.
3 El Pais, 2017 A
bc La Tribuna de Cuenca, 2017
iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change
B. Changes in rainfall patterns: Heavy rainfall events
. Heavy rainfall events are likely to intensify by 10-20% in all seasons except for
summer (MedECC, 2019)
Foods inGilubiia. sl Inondation au sud du Maroc : au moins 7
) morts
As mentioned in our update report on the floods in Sardinia, other area of Italy have also been expenencing La crue subite d'une riviere a fait au moins sept morts mercredi

sever weather. One of the worst hit areas has been Calabeia, in particularly around Catanzaro, Crotone and 2
dans le village de Tizert, dans la région de Taroudant (sud du

Maroc), a-t-on appris aupreés des autorités locales.

(i e S

Vibo Valantia

AN AW S A IS T Al mains 7 mants (Fhodo aavstation)

b3 O R T D Ao o A L e Atlasinfo.fr, 2019
“GR GLMAIL Changt Floodlist.com, 2019 iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

Other consequences:

* Increased risk of fires due to drought and heat waves but also to changes in land
management (MedECC, 2019)

Europe's extreme June heat clearly
linked to climate change, research
shows

Heatwaves that saw deadly forest fires in Portugal and soaring
temperatures in England were made up to 10 times more likely by

global warming, say scientists

Human-caused climate change dramatically increased the likelihood of the

bg3 The guardian, 2018
i CLIMATE Chanct iSAGE Training Course , 21-22 Oct 2019, Meknés
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Impacts of climate change

Other consequences:

* Increased risk of fires due to drought and heat waves but also to changes in land
management (MedECC, 2019)

* Increased risk of erosion due to couple effect of heavy rainfall events and fires

o

bG3 - Panagos et al., 2015

d80IUE CENTEL

SOR CLINATE CHANGE
v S pokers SOng

iSAGE Training Course , 21-22 Oct 2019, Meknes
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Impacts of climate change

Other consequences:

* Increased risk of fires due to drought and heat waves but also to changes in land
management (MedECC, 2019)

* Increased risk of erosion due to couple effect of heavy rainfall events and fires

* Desertification: warming and drought is expected to increase aridity and subsequent
desertification of many Medlterranean land ecosystems
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Solutions to face climate change:

Climate change mitigation and adaptation

Climate

k Change

Greenhouse Gas

Emissions Adaptation
Iless lbetter
Mitigation Impacts

bc3
O CLIMATE CHANG iSAGE Training Course , 21-22 Oct 2019, Meknés
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General effects of climate change on
sheep and goat systems
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Impacts of CC on sheep and goat systems

Effects of CC on

Effects of CC on

~small ruminants | R . } ~ forage production

|
Effects at animal level ' : Effects on feed supply '
]
]
: Increased temperature, Changes in
Increased temperature & radiation I precipitation. Extreme events
]
! I ‘
Heatist : Heat & water stress, Changes in growing
R 1 season length & water availability
I
' .
Behavioural & metabolic changes : Changes in crop & pasture growth
1
I
‘/R " /N.
|
1
Productivity & . Animal health 1 Productivity & Pests & Availability of
’ Reproduction i . .
product quality l & welfare 1 guality of forage diseases concentrates
1
\%‘#/ i \%/

Regional implications for small ruminant production
systems and adaptation measures
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Effects of climate change
on forage production
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Effects of CC on forage production

bc?

Increase in CO, may promote greater production in grasslands
(10-20%).

Increase in CO,

0 5 10 15 20 25 30 35
Increase in herbage DM yield in response to elevated COE{%}

Figure | Vanabilty in the annual herbage dry matter (DM)
vield response of temperate pastures to elevated CO; (600—
700 ppm) under optimal nutrient supply, displayed as ranges
{whiskers), 25th percentile to the 75th percentile (boxes) and
the median line. Created using 44 annual means from control
and elevated CO; treatments from MNewton et al (1994),
Casella et al (1996), Soussana et al. (1996), Hebeisen et al.
{(1997) and Schneider et al. (2004).

Lee et al., 2013

AAUE CENTHE

UK CLIMAIL CHANGE
v S okens SITg:

Increase in CO,

3 S 3
é 20000 - 3® //’
° -
-g 3 6. . /
e
o __ 15000 3
$5 s e
E § b /
% 3, 5 P
o ‘ 3 o
2 - 1 /./
o 6 @ 8
g 5000 13 * 1
2 14
13
0 - v v T
0 5000 10000 15000 20000
(b) Abowve ground biomass production (kg DMhalyr)

Fig. 2. Effect of doubled ambient CO2 on above-ground biomass
production plotted against above-ground biomass production at
the current CO> concentration for different pasture and rangeland
systems: (a) percentage effect: (b) absolute effect. Numbers refer to
studies listed in Table 1: (1) M. Jones, unpublished; (3) Hebeisen
et al. (1997); (5) Tuba et al. (1998): (6) Casella et al. (1996):
(8) Newton et al. (1994). Clark et al. (1997); (13) J. Morgan.
unpublished; (14) Owensby et al. (1999).

Campbell et al., 2010
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Effects of CC on forage production

Increase in CO, may promote greater production in grasslands
(10-20%). Differences among plant functional groups.

, i f_:‘)‘

(a) 140
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[EY
o
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Change in AGDW (%)
o0
(@)

20 L
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40 |

20

Increase in CO,

S N

Shrubs Forbs Legumes Graminoids

Dellar et al, 2018
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Effects of CC on forage production

 Higher temperature (warming) tend to enhance plant growth.
Beyond the optimum temperature, starts to decrease.

100 - 100% PFD Cold ~—— — Warm
acclimation acclimation
g 80 -
R
7}
@
£ 60+ -
c
>
o
° 40+ -
<
S. Optimum
) 20 L | temperature
< 16 21 26°C
0 \ L \. [ A . |+ I* 1+ [,
-10 0 101 j 20 i30 40 -10 0 10 20 30 40
i ™ 00% ' | Leaftemperature (‘C)
30% 80%
(a) (b)

Figure 3.1 The ‘classical’ responses of net photosynthesis of leaves (A) to temperature (cf. Larcher,
1969, 2003). (a) Typical response curves for a temperate plant species measured at different light

Korner et al., 2006
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Reduced water availability decrease production

(b)

Change in AGDW (%)

bg3
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Decrease in water
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Effects of CC on forage production

* Overall effect depends on complex interacting processes
between CO,, temperature and water availability in the soil-
water-plant system
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Effects of CC on forage production

Overall effect depends on complex interacting processes

Impacts of climate change on sheep and goat systems
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between CO,, temperature and water availability in the soil-

water-plant system
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Effects of CC on forage production
* Overall effect depends on complex interacting processes

between CO,, temperature and water availability in the soil-
water-plant system

120 + CO, Temp  Water

Change in AGDW (%)
0
o

28f+ % % %

0 ‘ : ' 1 — - l
20 ¢ ? ? T
40
e T W TCAT | PCIW ATIW NG AT, T™wW Uard e
LW
Less water Dellar et al, 2018
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Effects of CC on forage production

* Little or negligible response has been observed in pastures
with low N supply. Increased production may not be sustained
in natural and semi-natural ecosystems due to nutrient
limitations (Luo et al., 2004)

';'-'h%-ar..nw,‘ Plant

blomass

co,

Igrg 5
Avallable LenTo, Root Shoot and

nutrients exudates root litter

H

°

%

s “r,

Fig.J.Nucrientc‘,’clingl’c—edb cks. While elev d[COl] AR Unavailable
may lead ¢ sed photosynthesis and = h dpl & Y nutrients
growth; h I g LEFM Frespo semlld epen d ent ’0(4 Soll argacic matter
:fl ng feedbacks. Litcer from decaying plan [ Nicaral ninociated

Izaurralde et aI 2011 i _ Morgan, 2002 _
iISAGE Summer School, 21-23 May 2018, Zaragoza, Spain
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Effects of CC on forage quality
Increased CO, concentration and temperature tend to decrease
forage protein (N) content and increase total non-structural
carbohydrate. No significant effect on forage digestibility (Dumont

et al., 2015).

bg3
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Effects of CC on forage quality

Impacts of climate change on sheep and goat systems

Increased CO, concentration and temperature tend to decrease
forage protein (N) content and increase total non-structural
carbohydrate. No significant effect on forage digestibility

Change in N concentration (%)
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Increase in temperature

Shrubs

Forbs

Legumes Graminoids

Dellar et al., 2019
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Effects of CC on forage quality
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Increased CO, concentration and temperature tend to decrease
forage protein (N) content and increase total non-structural
carbohydrate. No significant effect on forage digestibility
Reduced water availability tend to increase protein (N) content
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Effects of CC on forage quality
Increased CO, concentration and temperature tend to decrease
forage protein (N) content and increase total non-structural
carbohydrate. No significant effect on forage digestibility
 Reduced water availability tend to increase protein content
* Warming and high CO, levels favour species that fix N, (i.e.
legumes) over non-fixing species.
* | The protein content is expected to decrease in non-leguminous
plants, but this may be partially counteracted by the expected
increase in the legume content of swards.
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Effects of climate change
at the animal level
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Effects of CC on small ruminants:

-Heat stress: Animal thermoregulatory responses
* Physiological (sweating, panting)

 Hormonal (cortisol, thyroid gland activity)

* Behavioural (increase water intake, decrease feed intake)

&r‘ GnRH
- | FSHaLH
. §

. . Estrogen | L
AT i Altered estrous cycle
Altered sexual behaviour

l Oocyte quality

g
“Resp g S
rate B b orvione ! Embrw{productio
l Low fertility
Negative energy @
balance \ { Udder temperature
4 “ % production
. . Dry matter intake ‘

. Heat stress
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Sejian et al., 2017
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Effects of CC on small ruminants
[ d
(]
-Heat stress: Animal thermoregulatory responses
SURVIVAL ZONE (death occurs below or above critical body temperature limits)
SEVE
PNER HOMEOTHERMY ZONE (normal body temperature zone) SEVERE
COLD STRESS HEAT STRESS
Decrease in MODERATE COLD MODERATE Faster metabolism
pody Moo THERMONEUTRAL ZONE ster me
temperature. HEAT STRESS and additional
Heat loss Narmal body MILD COMFORT ZONE MILD | bod heat production
J Normal body oy
exceeds heat :'::"::;:éi COLD STRESS HEAT STRESS temperature exceeds abiity to
production. R y First mechanisms . Mechanismsare | maintained b dissipate heat.
behavioural ; : Little or no extra effort needed to YRR . Y Increasing body
are activated: S activated: modest| pehavioural
changes and <58 maintain normal body temperature . 2 temperature.
T : vasoconstriction, sweating and changes, increased R
chemical heat piloerection panting breathing, Reduction in feed
: . . i .
:)r'\?vd;:l:lcr:;on o No effects on No effects on vasadilation, ln\d:e .:ndty
productivity.

productivity or
body core
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Feed intake
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Effects of CC on small ruminants:
-Heat stress: How to measure the heat load exposure?

bg3
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Effects of CC on small ruminants:

-Heat stress: How to measure the heat load exposure?
* Temperature?
 Temperature-humidity index (THI):

THI = (Tdb(2C) — ((0.55 — 0.55 - RH) - (Tdb(2C) — 14.4)

Kelly and Bond 1959
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Effects of CC on small ruminants:

-Heat stress: How to measure the heat load exposure?
Temperature-humidity index (THI):

Temperature % Relative Humidity

°C 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85)] 90 [95 100

21 17 18 18 1 18 |18 18 19 19 19 19 19 20 20 20 20 20 20§ 21 21 21

22 18 18 18 1 19 419 19 19 19 20 20 20 20 21 21 21 21 218 22 122 22

23 18 19 19 19 19 §19 20 20 20 20 21 21 21 21 22 22 22 22§ 23 |23 23

24 19 19 19 200 20 §20 20 21 21 21 21 22 22 22 22 23 23 23

25 19 19 20 200 20 §21 21 21 22 22 22 22 23 23 23

26 20 20 20 2 21 § 21 22 22 22 22 23 23

27 20 20 21 2] 21 22 22 22 23 23

28 21 21 21 24 22 22 23 23

29 21 21 22 2 23 | 23

30 21 22 22 2 23 6 6 8 8 9 9 0 0

31 22 22 23 23 6 6 8 8 9 9 0 0

32 22 23 23 6 6 8 8 9 9 0 0

33 23 23 6 6 8 8 9 9 0 0

34 23 6 6 8 8 9 9 0 0 s

35 6 8 8 9 9 0 0 4 4

36 6 6 8 8 9 9 0 4 /

37 6 6 8 8 9 0 0 4

38 6 6 8 8 g 0 0 4

39 6 8 9 0 0 / 4

40 6 8 9 9 0 4 4 6 6 8 9 9 40

41 6 8 9 9 0 4 4 6 8 9 40 40 4

42 8 8 9 0 4 i 6 8 9 40 40 4 i

43 8 9 0 0 4 4 6 8 9 40 4 4 4 4

44 8 9 9 0 4 6 8 9 40 4 4 4 4 a4
e 45 8 9 0 4 6 8 9 40 4 4 4 4 44 i
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Impacts of climate change on sheep and goat systems

Effects of CC on small ruminants:
-Heat stress: How to measure the heat load exposure?

d80IUE CENTEL
SOR GLIMAILE CH

Temperature?

Temperature-humidity index (THI)

Black globe temperature

Other approaches: Temp, %RH, radiation, wind...
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Effects of CC on small ruminants:

-Productivity and product quality (milk+meat)

 Sheep and goat subject to heat stress often show reduction in feed
intake and impaired productivity: Meat
 Lamb impaired growth rate

Ames and Brink (1977)
250

200 -

150 -

100 -

50 -

Average daily gain (g/day)

-10 0 10 20 30
bc? THI
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Effects of CC on small ruminants:

-Productivity and product quality (milk+meat)

 Sheep and goat subject to heat stress often show reduction in feed
intake and impaired productivity: Meat

e Lamb impaired growth rate

* Meat quality: abnormal odour and taste, greater water holding
capacity and susceptible to spoilage by microorganism
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Effects of CC on small ruminants:

-Productivity and product quality (milk+meat)
 Sheep and goat subject to heat stress often show reduction in feed

intake and impaired productivity
e Reduction in milk yield (I/d): 10-30%

< o % o
- 2.8 : ... e ©
= o« ° ¢ 9%y »
2 9 5 e @
o)
=
= 23 y =-0.0336x + 5.3539
R2=0.33

60 62 64 66 68 70 T2 74 76 718 80

‘ THI
bf“s Salama et al., 2014
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Effects of CC on small ruminants:

-Productivity and product quality (milk+meat)
 Sheep and goat subject to heat stress often show reduction in feed
intake and impaired productivity
e Reduction in milk yield (I/d) -
 Milk quality: reduction of protein, total fat and fatty '_ :
acid profile, reduction of coagulating properties e
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Effects of CC on small ruminants:

Reproduction
 Heat stress affects negatively fertility:
* Females: impacts ovarian function, duration of gestation,

conception rate and birth weight of lambs.
 Males: reduced quantity and quality of sperm, changes in sexual

activity.

HHHHHH

us cycle l Oocyte quality

Altered sexual behaviour

oooooo l Embryti productio

\ l Low fertility
Negative energy {3:
balance 5

Dry matter intake “

{\ (\n r“i:

A Heat stress
Sejian et al., 2017
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Effects of CC on small ruminants:

Animal health & welfare

 Warmer conditions may increase the incidence of infectious
diseases (gastrointestinal nematode, udder health)

INTERNAL PARASITE LIFE CYCLE]

Adult Eggs

Enters —, worms — pass into \W
7 stomach  mate intestine

j
m
w
w0
“

hatch
’__/
—

Infective stage

Parasite life cycle. lllustration: Robert Armstrong,
An lllustrated Guide to Sheep and Goat Production
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Regional implications and
climate change adaptation strategies
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Regional implications for small ruminant production
systems in Europe:

* Climate change impacts will vary among the different European sub-
regions

Projected change

T HW P DS Northern Europe
%] Large increase RCP4.5 Temperature rise larger than global average
Small increase RCP8.S Decrease in snow, lake and river ice cover
= | No change T = Annual temperature Increase in heavy precipitation events
Small decrease HW = Heat waves (number) Increasing damage risk from winter storms

P = Annual precipitation
u Large decrease DS = Dry spells {length)

North-western Europe o T - | %] - Central and Eastern Europe

. N o el B B Increase in warm temperature extremes
Increase in heavy precipitation events Decrease in summer precipitation
Increasing risk of river floods Increasing risk of forest fires
Increasing damage risk from winter storms

Increasing risk of river floods

Continental {55151

Mountain regions
Temperature rise larger than global average
Decrease in mountain permafrost areas

Atlantic 151515

T T Upward shift of plant species
Alpine +lelele Increasing risk of soil erosion
Climate

Alpine
Atlantic Mediterranean region
Continental Large increase in heat extremes
Northern Y Y Decrease in precipitation
Southemn Southern [F1% 7l P Increasing risk of droughts

Increasing risk of forest fires
o3 Figure - General trends of several climate variables for European sub-regions. Indices represent changes for 2071-2100 with respect
Y 10 1971-2000 based on RCP4.5 and RCP8.5 scenarios (Pardo et al 2017 based on Jacob et al, 2014).
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Regional implications for small ruminant production

systems in Europe:
* Climate influences distribution of vegetation and small ruminant
systems across Europe

Goat heads

10000 - 20000
20000 - 50000
50000 - 100000
* 100000 - 500000
* 500000 - 1 Million
¢ >1 Million
Sheep heads

10000 - 20000
+ 20000 - 50000
50000 - 100000
« 100000 - 500000
¢ 500000 - 1 Million
® >1 Million
Climate
Alpine
Atlantic
Continental
Northern
Southern

bg3

Figure - Distribution of
small ruminant
livestock in Europe
(Pardo et al, 2017
based on Eurostat,
2015)
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Regional implications for small ruminant production

systems in Europe:
* Climate influences distribution of vegetation and small ruminant

systems across Europe

Land cover

B Pastures

Natural grasslands
B Moors and heathland . .
Bl Sclerophylious vegetation > 4
B Transitional woodland-shrub ot

bG3 Agro-forestry areas
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Regional implications for small ruminant production

systems in Europe:

systems across Eur

Progsetd ¢

rrrrrr
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-

Hig32 - Distribution of small ruminant livestock in Europe

k
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Climate influences distribution of vegetation and small ruminant

Fig.1- Climate change
projections
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Fig.3 - Distribution of grasslands and scrublands in Europe
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Regional implications:

E) Southern (Mediterranean) region

 Reduction in forage yields due to less rainfall and risk of drought
projection

* @Grazing season is expected to be shortened. Grazing activity will
suffer from irregular patterns due to extreme events.

 Encroachment (increase of shrubs)

 Soil erosion and degradation

* Heat stress in animals: more frequency and length of heat waves
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Regional implications:
E) Southern (Mediterranean) region

Adaptation measures:
 Mediterranean systems traditionally had to adapt
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Southern (Mediterranean) region

General adaptation strategies for forage production to face CC
* Diverse pastures:

 to enhance resilience under variable climatic conditions
 to adapt to potential shortages of global protein sources, or to
face the expected decreased of protein content (increasing
mixed legume-grass pastures).
 Reduced tillage for soil moisture conservation and increased long-
term productivity (increase soil organic matter)

bg3
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Southern (Mediterranean) region
General adaptation strategies for forage production to face CC
* Improved plant breeding (long-term):

* improving adapted legume species:
* reducing dependency on external protein-rich feeds
* reducing use of synthetic fertilisers

 developing varieties that can survive long drought periods and

recover rapidly following autumn rains
* mix mediterranean and temperate tall fescue, cocksfoot and lucerne

bg3
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E) Southern (Mediterranean) region
Adaptation measures: Flexible grazing and alternative feed resources:
 Crop residues: Post-harvest cereals, olive leaves
 Mediterranean region is also projected to experience substantial
crop yield losses, especially for rain-fed systems
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E) Southern (Mediterranean) region
Adaptation measures: Flexible grazing and alternative feed resources:
 Underutilized feedstuffs from agro-industry by-products

Impacts of climate change on sheep and goat systems

CIHEAM

Reference Basal diet Alternative feed sources Supplement type Animal Breed
Abbeddou et al 2011 Barley straw/concentrate Olive cake and leaves, tomato Dairy ewes  Awassi
pomace
Arco-Pérez et al 2017 Alfalfa hay/concentrate Olive cake, Tomato surplus Silage Dairy goats Murciano-granadina
Cabbidu et al 2004 Grass hay/concentrate Olive cake Silage Dairy ewes  Sarda
Chiofalo et al 2004 Alfalfa hay/concentrate Olive cake dairy ewe Comisana
Di Francia et al 2004 Oat hay/concentrate Tomato pomace Silage dairy ewe Comisana
Fegeros et al 1995 Alfalfa hay/concentrate Citrus pulp Dried Dairy ewe Karagouniko
. . Dairy ewes & _, .
Hadjipanayiotou Barley straw/concentrate Olive cake Silage goats Chios, Damascus
Molina-Alcaide et al 2010 Alfalfa hay/concentrate Olive cake Feed blocks Dairy goats  Murciano-granadina
Nudda et al 2006 Alfalfa hay/concentrate Linseed cake Extruded Dairy goats  AlpinexSarda
Razzaghi et al 2015 Alfalfa hay/concentrate Pomegranate seed pulp, tomato Dairy goats  Saanen
pomace
Tomato fruits, citrus pulp, brewer's . . .
Romero-Huelva et al 2013 Alfalfa hay/concentrate . Dairy goats  Murciano-granadina
grain and yeast
Romero-Huelva et al 2013 Alfalfa hay/concentrate Tomato and cucumber fruit wastes Feed blocks Dairy goats  Murciano-granadina
Romero-Huelva et al 2017 Alfalfa hay/concentrate Tonjato fruits, citrus pulp, brewer's Dairy goats Murciano-granadina
grain and yeast
Sedighi-Vesagh t al 2014 Alfalfa hay/concentrate Pistachio by-products Dairy goats Saanen
\Volanis et al 2004 Oat hay/concentrate Orange fruit waste Silage Dairy ewe Sfakian
Ben Salem and Znaidi 2008 Wheat straw/concentrate Tomato pulp, olive cake Feed blocks Lambs Barbarine
Bueno et al 2002 Grass hay/concentrate Citrus pulp Kids Saanen
Caparra et al 2005 Oat hay/concentrate Citrus pulp Dried Lambs Merino
Denek and Can 2006 Wheat straw/wheat grain Tomato pomace Silage Rams Awassi
Eliyahu et al 2015 Wheat hay/concentrate Pomegranate pulp, grape pulp, Silage Lambs Assaf
avocado pulp
Lanza et al 2001 Wheat straw/barley+maize Citrus pulp Lambs Barbaresca
Pirmohammadi et al 2006 Apple pomace Silage, dried Rams Gezel
Scerra et al 2001 Oat hay/concentrate Citrus pulp Silage Lambs Merinizzata




iSAGE

@b

Impacts of climate change on sheep and goat systems

E) Southern (Mediterranean) region

Adaptation measures: Alternative feed resources:
Underutilized feedstuffs from agro-industry by-products
Olive cake

Citrus pulp

Tomato by-products

Other vegetables and fruits

4 *,'b'l
CIHEAM




iISAGE
Q‘ Impacts of climate change on sheep and goat systems

i *
CIHEAM

E) Southern (Mediterranean) region
Adaptation measures: Alternative feed sources
 Fodder trees (Acacia sp, carob tree)
e Shrubs: Cactus cladodes, saltbush (atriplex)
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E) Southern (Mediterranean) region
Adaptation measures: Flexible grazing and alternative feeds:
* Integrated approaches:
e soil and water protection (cover crops)
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E) Southern (Mediterranean) region
Adaptation measures: Flexible grazing and alternative feeds:
* Integrated approaches:
e soil and water protection (cover crops)
e different feeds aligned to different seasonal constraints
(agro-forestry)

* In winter grass growth preferably beneath tree canopy

* Inearly summer grasses dry later beneath canopy because the
shelter/buffering effect of trees on temperature

Pasture under trees in winter  Pasture under trees in early June

b

Pictures taken in Iberian dehesas (CW Spain) by D. Howlett and A. Carrara, respectively.
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E) Southern (Mediterranean) region
Adaptation measures: Flexible grazing and alternative feeds:
* Integrated approaches:
e soil and water protection (cover crops)
 different feeds aligned to different seasonal constraints
(agro-forestry)
* fire-risk protection (grazing management)
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E) Southern (Mediterranean) region
Adaptation measures to cope with heat stress:
Prevention/mitigation of heat stress conditions
-Indoors:
-adequate stock density
-barn orientation and dimensions: east to west, width
-features in barns: ventilation, spraying, evaporative cooling

-Outdoors:
-providing physical protection with trees or artificial shelter
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E) Southern (Mediterranean) region
Adaptation measures to cope with heat stress:
* Feeding practices:
-shifting meals to late afternoon or evening
-increasing number of meals
* Nutritional management:
-low fibre diets (decrease forage:concentrate)
-high energy density (DMl reduction)

CIHEAM

bg3
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E) Southern (Mediterranean) region
Adaptation measures to cope with heat stress:
* Animal breeding:

* breeds from tropical and arid areas, are more resilient due to
their low body mass and metabolism, which allows them to
minimise water and maintenance requirements

 artificial selection to increase milk yield has been shown to
reduce heat tolerance

e goats with loose skin, long legs, floppy ears tend to be most heat
tolerant

* Hair and fat-tailed sheep tend to tolerate heat better than
wooled and thin-tailed sheep

* Light coloured reflect solar light,

but less skin protection against solar radiation
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E) Southern (Mediterranean) region
Adaptation measures to cope with heat stress:
* Reproduction techniques:
e artificial insemination can reduce the infertility risks associated
with heat stress in males
* improved oestrus detection and fixed time Al can be used for
overcoming the reduced expression of oestrus in heat stressed
animals
e oestrus induction techniques in non-cyclic animals, to increase
fertility
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Development of models to capture the impact of climate
change on small ruminant systems:

Forage
availability

" Task3.1
Literature review
of CC and small
ruminants

Animal
performance

Task 3.2
Meta-models for
CC impact on
soc  pasture

¥

WP4 Task 4.3
Integrated in

=. Task 3.3
Meta-models for
CCimpact at
animal level

> whole-farm
model/run

scenarios

|
e e T e .

. WP 5 - Strategies |

< for adaptability

- and sustainability
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Types of models:

 Mechanistic models (process-based): aim to describe
mathematically the relationships between the variables and
components of the system. Constrained by the level of
understanding existent about the behaviour of the system

* Empirical/statistical models (regression models): based on a
hypothesized relationship between the variables in the data set,
where the relationship seeks to best describe the data. Involves the
use of extensive data records and measurements

DRIVING e PROCESSES ~#~— MANAGEMENT - o
VARIABLES ¢ ’ '

|
l - -
| 2Ry

Pred
N T

PROPERTIES

ﬁ % e e
NI =
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Development of models on pasture productivity and quality:

Regresion model
i) «

29 experiments

89 sites %D Il | m
PrS !‘r"‘—l - !

All experiments lasted at least
three years

Northern

A ® Atlantic

A ® Continental
A ® Alpine

Southern

@® Permanent grassland

bc?
A Temporary grassland
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Development of models on pasture productivity and quality:
Regresion model

Stepwise linear regression

Yield = a, + a,(Region) + o,R;y; + AsRany + ORp + QT + AT
+ 0, Tja + 0gRpy” + 0gRyy? + agRx% + 0y, T)p? + g Altitude +
a,;N_input + a,,Cuts + a,;Cuts? + o, [N_input? + a,;;N_input*R;,
+ o,gN_input*T ,

Inputs:
Monthly mean temperature
Monthly total precipitation
Altitude
N fertiliser
Mowing frequency
Legume content
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Development of models on pasture productivity and quality:
Regresion model:Checking model fit on observed yield data

Predicting current yield

- - o Ve
.-g 10 ;; 1 el .:} q @
g e Alpine £ Y O * Atlantic
® Atlantic e p ME _- e et “' * Continental
¢ Continental S :‘ . o 7 . Northern
Northern _j—'- _ e ® Southern
s Obsewed"(Uha) i “ ’ ) Ohser\;:d {t’/ha) "
Permanent grasslands Temporary grasslands
Correlation: 0.77 £ 0.014 Correlation: 0.76 + 0.006

RMSE: 2.23 £ 0.03 RMSE: 2.75 £ 0.07
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Development of models on pasture productivity and quality:
Regresion model:Checking model fit on observed yield data

Predicting current protein content

Predicted (t'ha}

@ Continental

0 200 400
Observed (kg/ha)

Permanent grasslands
Correlation: 0.80 + 0.043
RMSE: 25.2 £+ 4.7

Predicted (¢ha)

v 2, E
_.' Yod =
’ e Atlantic
@ Continental
Northern

200 200
Observed (kg/ha)

Temporary grasslands
Correlation: 0.89 + 0.005
RMSE: 64.9 £ 1.7
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Development of models on pasture productivity and quality:
Mechanistic model: Century

Ecosystem analysis tool -
y y DRIVING —f’b-PROCESSES <& MANAGEMENT
Models C and N fluxes VARIDELES &

throughout plant-soil system
Monthly time-step | |
Slte Speciﬂc "kly“m PROPERTIES /

Large number of inputs

Main inputs: monthly temperature and precipitation, soil
properties, plant properties, CO, change, management, site
history

h3
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Development of models on pasture productivity and quality:
Mechanistic model: Century

One site per region (two for
Atlantic region)

All permanent grasslands
(except one Atlantic site)

MAIL CHANG
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Development of models on pasture productivity and quality:

Mechanistic model: Century

Southern France rangeland

yield(t/ha)
(82}

bg3

1983 -

1980 -
1981 -
1982 -

) L ] L] ] L ] ] ) ] L L

THnOUrONoANMTOROND oM

SRR R Rt

H.-..-.E]ﬂ.-..-..-..-..-.?-}.-..-..-‘.-.‘.ﬂwmmw
time

Fertilised, intensive grazing

2004 4

yieldit/ha)

N
o

[
(e}
L

-
(=]

| o
RSN

259
(]
)

o
o

<
4]

Q
(=3}

1990 A

L 1 L ] ]
[= I T |
2 QDR AR S 2 8
992 9939 3393 393~~~ N
time
Predicted

Unfertilised, moderate grazing

2003

2004 -
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Development of models on pasture productivity and quality:
Predicting climate change impact: Two CC scenarios

Average annual predictions for 2081 - 2100, relative to 1986 - 2005
Temperature

Precipitation

-

Midrange
scenario
(RCP4.5)

i

Extreme
scenario
(RCP8.5)

-

oy ..
"z‘/' i

bc? BT [ [ [ [ T o

48U CENTRE 2-15 -1 05005 115 2 3 4 5 7 9 11
o bty
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Development of models on pasture productivity and quality:
Predicting climate change impact:

Temporary grasslands

—-§§
-—
-

12 - -.
—— Atlantic RCP4.5

10 - — = Atlantic RCP8.5

E g . ——Continental RCP4.5
< —
._‘é— Continental RCP8.5
g 6 - ——Northern RCP4.5
4 — = Northern RCP8.5
Southern RCP4.5
2 - Southern RCP8.5
0 | | |

bc? 1971 -2000 2021-2050 2071-2100
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Development of models on pasture productivity and quality:
Predicting climate change impact:

Average annual yield (t/ha) Average annual harvested N

7 - (kg/ha)

I R i s 50 -

5 - — 40 - B I

4 30 - )

3 -

5 - 20 - e —

1 4 10 -

0 ! ! ! 0 ! !

1971 - 2000 2021 - 2050 2071 - 2100 1971-2000 2021-2050 2071-2100

——RCPA4.5, Okg N/ha/yr ——RCP4.5, Okg N/ha/yr
——RCP4.5, 65kg N/ha/yr ——RCP4.5, 65kg N/ha/yr
— —RCP8.5, 0kg N/ha/yr — - RCP8.5, Okg N/ha/yr
— = RCP8.5, 65kg N/ha/yr  * — = RCP8.5, 65kg N/ha/yr  *

bg3

* Significant change in yield between 1971-2000 and 2071-2100 (p<0.05)



iSAGE

® b

Impacts of climate change on sheep and goat systems

Development of models on animal performance:
Semi-mechanistic model:

Feed intake (%)

200
COLD STRESS ICAT STRESS
10

=1 P
GnRH

S & 7= | FSHaLH

1414 o ! SRH
Na i

205 Vg N>

Sy, o N ) | Oocyte quality

RN bR ! |
wEN
1005 =
= ¥ Growt
2004 h
>J "

‘i Embryo productio

m Low fertility

160r

1400k

WY A 3
COLDSTRESS ™Z HEAT STRESS Heat stress
1300,

BO% \

5%

A1,

2k

¥ o

%\
) 3,
RN
fag %
¥

CIHEAM

Sejian et al., 2017
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Development of models on animal performance:
Whole farm model:

.‘ Assign input values |

{Animaitype, stage...)

Productivity target
[ '7‘\
/ T ~—
_~ B N
Encrgy requirements Feed voluntary intake
(MJ/d) (kg DMI/d)
ENERGY l forage:concentrate
REQUIREMENTS ‘
-Maintenance l kg DM
-Activity e
-Lactation s
-Growth DMM " Grazing
| (forage) | Forage
Energyintake |
DMipage Concentrate
| f(conc) |

Energy availoble |
for production

Animal outputs
-Milk productivity
-Meat productivity
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Development of models on animal performance:
Whole farm model: Integration of empirical models

Assign input values

Heat stress
meta-model

(Animaltype, stage...) ‘
|

Energy requirements | ‘

.
Productivity target

~—
—
~

—

Feed vohmhry intake

ENERGY

REQUIREMENTS

-Maintenance
Activity
Lactation
Growth

Energyu, -

A

N

N

Energy available
for production J

\\ Energy,., >

Animal outputs
-Milk productivity
-Meat productivity

(kg DML/d)
forage:concentrate
l kg DM

DM, Grazing

| {forage) | Forage
_ Energy intake

DM'mkz le— Concentrate

L (conc)
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Development of models on animal performance:
Whole farm model: Integration of semi-mechanistic model

lﬁ Assign input values

fAnkmal type, stage:--)
|

v

Productivity target
q o — )
Heatstress | (- ™| T e
meta-model ) : — , ~—~_
Energy requirements Feed voluntary intake
e (MJ/d) (kg DMI/d)
ENERGY forage:concentrate
REQUIREMENTS
Maintenance l kg DM
-Activity | s
-Lactation e
-Growth /}‘\ DMﬂlﬂ.e < G &
/ N\ [ (forage) | Forage
e Energy,q, - - Energy intake ‘
Energy,..
\\\ "BYens DMige |« Concentrate
& / L f{conc) |
Energy available T
for production ’
|
Decreasein ;
productivity Animal outputs

-Milk productivity
-Meat productivity




Testing the modelling approach (lamb

iISAGE

Innovation for Sustainable
Sheep and Goat

Production in Europe

Breed: rasa Aragonesa

Location: Zaragoza (Spain) (June-July 2017)
Effect of heat on Lamb growth (born in May)
Period of study: from weaning (13.9 kg LW)
to slaughter (22 kg LW)

Number of ewes: 550, 650 lambs sold/yr
(40% born in May)

Diet composition (wean to slaughter)

GE

%  MJ/kg DM MJ/kg DM DM
33.6%  18.4 14.8 124
27.3%  18.7 16.1  13.6
23.6%  19.7 18.2 13.6
6.4%  18.2 156  13.1
9.0%  18.2 8 6.5




Effect of heat on Lamb growth & DM
Intake

Lamb growth reduction and DM intake (%)

0% 35
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450 g DM extra/lamb
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Extremes (heat and cold wave)
Born in May (Heat stress) Born in January (Cold stress)

------- O~ weight lamb (no Hs) _ o— weght lamb{no Cs)

------- O~ weight lamb (Hs) o weght fambr{Cs)

o
=
=3
)
=
80
Q
3
o]
£
L

lamb weight (kg)




Testing the modelling approach
(impact on milk& adaptation)

|« Breed: Manchega (Spain)
4 * Effect of heat on milk productivity on Summer period
Housed

Diet composition

freD | fee e fve |
| 1w | wigom | wsgom | wgow]

Alfaltahay | oo 183 109 34
con |10 181 61l 134

4 scenarios

No HS
HS (non-adapted)
HS (adapted-diet)

HS (Adapted-sprayin
SAGE (Adap praying)

.‘hoo 09

Innovation for Sustainable <N -
‘ Sheep and Goat Rt -
. . . v o0t Xy

Production in Europe




Effect of heat on milk production &
DM intake

More dense diet: more soybean meal
Aprox. 2% reduction in milk,

-15%

-20%

o HS (non-adapted)

> . . .
3 Aprox. 13% reduction in milk,
(<))

; 0% |

3 " iR B g e l

: -5% § § § § § ~

£ -10% w w u (0 o Tl

()

3

5

X

0.12 kgDM extra/L milk
I |I| HS (adapt-diet)

-25%
date

B HS (non-adapted) M HS Adapt (diet) ™ HS Adapt (Spray)

HS (adapt-spraying)
Small positive effect, aprox. 10% reduction
in milk
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o
=
=
o=
~
>~
N
o

ST
0¢/L07£0
£
02/£0770
0T/L0/s0
0¢//0/90
ST
0¢/L0/L0



@b

Impacts of climate change on sheep and goat systems

ke ) X 1 5
Thank you!

x

* %
) *)
o
- P
w

CIHEAM

iISAGE Training Course
21-22 October, Mgknés, Morpcco

agustin.delprado@bc3research.org

guillermo.pardo@bc3research.org
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