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Abstract — The relationship between reproduction performance in early May and ewe body weight
(BW), body (or tail) condition score, the week before the rams were introduced into the flock, are
presented for the Tunisian fat-tailed Barbarine breed grazing natural ranges in central Tunisia. Dur-
ing 2 contrasting years, 2 flocks (130 to 170 mature ewes each) differing by prolificacy (120%:
Control and 160%: Prolific) and mature size (50 and 45 kg) were weighed and scored (according to
2 methods based on back fat thickness, BCS and on tail size, TCS), just before the introduction of rams.
Rainfall during the pre-mating periods induced highly significant differefce(01) in animal body
condition. In both flocks, fertility was equal to 75% and 92-96% for groups of ewes whose pre-
mating BW was respectively lower or higher than 35 kg. Similarly, the group composed by the
123 leanest ewes (less than 1.5 BCS) was significantly less fertile than the remainder of the flocks:
86% versus 91-95%. In both flocks, the higher the ewe BW, BCS or TCS at the beginning of the mat-
ing period, the earlier the lambing date and the higher the litter size. The first and the last lambing ewes
(first 2 weeks and third month) weighed over 50 kg and only 35-40 kg, respectively, when rams
were introduced into the flock. According to BW, BCS or TCS classes, litter size varied from 1.0 to
1.3 and from 1.2 to 1.8, respectively, in the C and P flocks. Target BW, BCS and TCS at mating to
obtain early lambing and adequate litter size in Barbarine flocks can be proposed. According to ewe
size, the following values: 39 or 50 kg for BW, 2.1 or 3.0 for BCS and TCS, mean values of the
group of ewes lambing during the second month, can be considered as minimal for the whole flock.
A second method, taking into account the within-flock animal variability can be used. The percent-
age of too emaciated ewes (less than 35 kg BW and back and/or tail condition score < 1.5) must be
lower than 4 to 10% for BW, 6 to 8% for BCS and 10 to 15% for TCS.

fat-tailed sheep / mating period / body condition / reproduction performances
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Résumé— Etat corporel, et reproduction chez la brebis Barbarinel'étude présente les relations

entre les performances de reproduction de brebis Barbarines de 2 troupeaux (troupeaux T et P : 120
et 160 % de prolificité, 50 et 45 kg de poids vif (PV) moyen) dont I'état corporel a été estimé par pesée
et notation (NECd : dos ou NECq : queue) début mai, au cours de la semaine précédant I'introduc-
tion des béliers. Les différences de pluviosité entre les 2 années ont induit de trés grands écarts
(P < 0,01) d'état corporel. Dans les 2 troupeaux la fertilité passe de 75 % a 92RS60%0@1) lorsque

le PV excéde 35 kg. Les 123 brebis les plus maigres (NECd ou g < 1,5) sont moins fertiles que
I'ensemble des autres (NEC > 1,5) : 86 et 91 ou 9% %0,05. La date d’agnelage est d’autant

plus précoce et la prolificité des brebis plus élevée que celles-ci étaient en meilleur état en début de
lutte. La prolificité a varié de 1,0 a 1,3 (T) etde 1,2 a 1,8 R)),001 selon le PV ou la NEC des

brebis. Deux méthodes sont possibles pour proposer des PV ou des NEC seuils en vue d’'un agnelage
précoce et d’'une prolificité satisfaisante. Soit des valeurs moyennes minimales, celles des lots de bre-
bis ayant agnelé au cours dindis, a savoir : un PV moyen de 39 a 50 kg et une NECd ou g de 2,0

a 3,0 selon le format du troupeau. Soit une fréquence maximum de brebis trés maigres (PV < 35 kg,
NECd et NECq < 1,5). Selon le critére utilisé, les valeurs proposées sont de 4 a 10 % pour le PV, de
6 a 8 % pour la NECd et de 10 a 15 % pour la NECq.

brebis Barbarine / queue grasse / état corporel / performances de reproduction / lutte a contre
saison

1. INTRODUCTION [9, 18, 20]. Used in different environments
[7, 16, 17], it allows to establish a diagnosis

Tunisian sheep production systems arefor the flock [, 6] and to suggest a strategy
for the most part, extensive. They are baseadapted to the breed and to its production
on natural Mediterranean ranges grazimenvwonme.nt. Such a method results in rec-
supplemented in summer by cereal stubbl©@mmendations dealing with flock manage-
fallow and, more and more frequently, grainMent and BCS threshold values for every
Such systems are characterised by seasoiPhase of the production cycle: mean value
shortage and annual scarcity of foocand tolerable variation limits [3].
resources. If high mortality caused by star  Thus, the aim of this study was to deter-
vation is, now, quite unusual, flock produc-mine the relationship between BCS and/or
tivity remains limited except during excep-body weight (BW) and reproduction per-
tionally favourable years. Ewes face, at leasformance in the fat-tailed Barbarine breed,
partially, seasonal food shortage by bodithe largest Tunisian breed for which such
reserve utilisation and range supplementerecommendations are still scarce [11].
tion by conserved roughage and/or concer
trates allows to remedy to such a situatior
But for different reasons (food availability 2, MATERIALS AND METHODS
and cost, as well as the low productivity of
the breed), the level and duration of sup2.1. Animals and flock management
plementation must remain limited. It is there-
fore essential to have early, simple and reli The present study, completed during 2
able indicators at hand, which allow toconsecutive years (years 1 and 2), was per-
assess animal nutrition level and to decidformed on 2 flocks, each composed of 130
when and how to supplement the whole floclto 170 mature Barbarine ewes (3 to 6 years).
or a part only. The body condition scoreThe first flock (control flock C) consisted
method (BCS) is one of these indicator:«of ewes whose prolificacy, close to 120%,
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was typical of the breed, and the seconéfrom weaning, at the end of March, up to
flock (prolific flock P) by more prolific mid-July, the end of the mating period, both
animals (160%) selected by INRAT [13]. flocks followed the normal foraging

These flocks were grown in centralProgramme during year 2, namely ranges,
Tunisia, near Ouesslatia, in the lower semitiver beds and cereal stubble grazing. This
arid bioclimatic zone. Average annual rainProgramme had to be modified from mid-
fall during the 10 years surrounding thef-€Pruary during year 1. Forage and cereal
study was 374 + 144 mm. Grazing naturafi€/ds, grazed in winter, compensated at
Mediterranean ranges composedaémisia least, partially the very poor production of
Campestrisand annuals, or ®Rosmarisng (e ranges.

Officinalis and Stipa Tenassissimé the Spring rainfall was favourable for plant
basis of food supply for flocks. Grazingproduction during both years: 114 and
Cynodon Dactyloim the river bed lowlands 169 mm, respectively. But, as a result of
[15], as well as fallow and stubble, com-earlier showers (92 mm during May and
pleted the year-round feeding calendar. June), ewes gained weight and body condi-

The production system was based on gon during year 1, whereas they had to use
once-a-year mating period, beginning, ouft part of their body reserves during the cor-
of season, on May 10th by the introductioff€sponding period in year 2.
of rams. The males, kept for 2 months in the
flocks during normal years, stayed for 1 more
month in the case of unfavourable climatic?:
conditions (dry years such as the first one). ) )
The ewes began to lamb in the middle of A week before the introduction of rams,

October and milked their lambs during 4 tothe ewes were weighed and scored accord-
5 months, up to mid-March. ing to 2 methods. The first method, BCS

[20], can be applied to all sheep breeds and
permits a comparison of our results with
2.2. Climatic conditions and ewe feeding earlier published articles. The second
during the 2 year-survey method, TCS [2], exclusively based on fat-
tail measurements, is more adapted to our
If annual rainfall did not differ from one breed and more suitable for extension ser-
year to the other (272 and 298 mm), it wagices. Both are graded on a 5-step scale.
however lower than the decade averag®leasurements were performed by 3 trained
(374 mm) and varied very much during thetechnicians and the adopted score value was
months preceding mating periods. Duringdetermined in common agreement.
year 1, spring followed a dry autumn and
winter (respectively 37 and 28 mm of rain)
which induced very low plant growth while 2.4. Utilisation of data
during year 2, spring arrived after 2 wetter ~ and statistical treatments
seasons (64 and 101 mm respectively),
which was more favourable to range pro- The experienced and non-controlled
duction. These contrasting rain distributionsutritional conditions gave us the opportu-
induced large differences in food resourcesity to collect 2 sets of contrasting repro-
before mating. They were not measured butuction data. However, these valuable
the crops of the adjoining fields can serve asesults are biased insofar as they were
a reference. Barley harvest amounted tobtained, as commonly practised in com-
respectively 0 and 5.5 quintals per hectarenercial flocks of the steppe, after mating
for years 1 and 2, when forage outpuperiods differing in their length. That is why
reached 4 and 20 balls of hay per hectar¢he data were analysed in 2 ways. We

3. Measurements performed on animals
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discarded late results (obtained from eweweighing less than 35 kg represented 18% of
lambing more than 60 days after the beginthe total population and none weighed more
ning of the lambing period) when we than 50 kg, while 4% only of ewes weighed
analysed the ‘year effect’ or when we estabtess than 35 kg and 74% more than 50 kg
lished a relationship between ewe characat the beginning of the second mating period.
teristics and reproduction. In contrast, wq_jkewise, BCS was lower than 2 for 70%
included these results in the analysis of relayf the ewes and exceeded 3.5 for 10% only
tions between BCS and fertilisation or lamb-¢ the animals in mid-May of year 1; while
ing dates, and then, we mentioned it clearlyy,q yajues varied from at least 2 to more
The selected reproduction criteria: fer-than 3.5 for 53% of the ewes at the same
tility (percentage of lambing ewes), prolifi- period of year 2.
cacy or litter size and fertilisation date
(deducted from lambing date) were treated Nevertheless, as a result of rain effect on
by SAS in a variance-covariance analysisange production during the first year, ewe
including BW, BCS or TCS, as well as yearbody condition remained fairly constant
and ewe genetic type (C or P). Frequencffom the beginning of the mating period up
distributions according to BW, BCS or TCStg the first lambing (respectively 1.97 and
were compared with the-test. 1.87 in flock P, 1.88 and 1.83 in flock C),
while it decreased from 3.03 to 2.66
(P < 0.05) in flock P and from 4.1 to 2.5
3. RESULTS AND DISCUSSION (P<0.01) in flock C during year 2. Similar
variations and BW losses between mating
and lambing have already been observed in
Tunisia [1, 8, 11]. The between-flock BW,

Average ewe characteristics at the begin?CS or TCS differences, very limited in
ning of the 2 mating periods and the correy&ar 1 were, on the contrary, highly signif-
sponding reproduction performance ardcantin year 2. Body weight then exceeded
reported in Table I. All indicators of animal 55 kg for 98% of the flock C ewes when
condition were differenty < 0.01) between 55% only of flock P ewes reached this
years and corresponded to a very differerweight. These differences were more a result
distribution of ewes within BW, BCS or of body size disparity than of management
TCS classes. Thus in the first year, ewediscrepancies.

3.1. Year effects on body weight
and body condition

Table |. Characteristics of ewes at the beginning of the mating period and reproduction performance
according to flock and year.

Flock Year Number Live Body condition Fertility* Prolificacy* Average
of ewes weight (per 100) (per 100) lambing date
(ka) Back Tail

(BCS)  (TCS)

Prolific 1 169 38.1+6.0 2.0+0.7 18:0.8 76[88] 141[140] 1Nov.+7
2 130 49.8+38 3.0+08 34+09 95 163  270ct. 7

Control 1 131 40.8+50 1.9+07 1.8+0.8 73[86] 124[121] 8 Nov.+*13
2 139 56.7+6.5 4.1+07 42+07 93 126 250ct. +11

* Values [x] correspond to results obtained after 3 months of ram presence.
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3.2. Year effects on reproduction 100+
performance % w0
e
Climatic conditions induced huge dif- £ - S
ferences in reproduction performance ofs
both flocks. They influenced fertility and £ “ 7
prolificacy rates as well as oestrus and cong 20
ception dates (assessed by lambing date)
0 T T T T 1
3.2.1. Fertility and prolificacy ° ® Lambingperiod (weeks)
In both flocks, and after the same mat- —0— FlockP,year | —&—  FlockP, year2

—8O— FlockC,year] — @ — Flock C, year 2

ing period duration (2 months), fertility rate
was significantly lower the first year than rigure 1. Weekly lambing distribution during
the second (74.5% vs. 94.B,< 0.001, the 2 years.

Tab. 1). Retaining the rams one more month

with the females improved fertility by 12 to

13 points but this was not_eppugh to fullyggme period of year 2 (Fig. 1). These pro-
compensate the effects of initial poor body,ortions reached 34 and 63% after 3 weeks.
condition. Indeed, during the first year, fer-Thjs yneven distribution of births corre-
tility reached only 88% (flock P) and 86% sponded to contrasting physiological con-
(flock C) after the rams had been presenjitions at the beginning of the mating period.
for 3 months when the corresponding value§e ewes lambing during the first fortnight
were respectively 95 and 93% aftenyere in a very good body condition in early
2 months only, during the more favourableMay (BCS higher than 3 for 75% of them,
year P <0.05 for P and® < 0.10 for C).  Fig. 2), so they were already cyclic and
Average group body condition significantly hecame pregnant within the first 2 weeks.
influenced prolificacy in the P flock only The ram effect induced into oestrus a group

(140 vs. 163%P < 0.01). of females which had been mated between
) S the 17th and 24th days after introduction of

3.2.2. Lambing date distribution males and lambed during the 3rd week.
and ewe body condition Their body condition was lower than in the

first group (BCS equal to or lower than 3
Initial body weight (and body condition) fo 5?% o?tﬁlem, Fig. 2). Early lambing was
not only influenced fertlllty but also .haq @mainly observed during year 2 but the ram
very strong effect on lambing date distribu-gffect was also effective during year 1. How-
tion. Although, on average 80% of birthSe, e, as a result of very poor nutrition, most
occurred during the first month of the lamb-¢ the ewes then had a too low body weight
ing period, this mean value varied fror_n 56%(Or body condition) to respond to the ram
(vear 1) to 84% (year 2). The heavier thefect as observed previously by Khaldi [12].
ewes were at the beginning of the mating; s only a month later, in mid-June, after
period, the earlier they were fertilised and,antifui spring rains (124 mm from March
lambed. till June) that the females reached a mini-
The fertilisation date of ewes variedmum body weight and body conditions
according to the year and was 14 days eafavouring oestrus and conception. During
lier in the second yeaP(< 0.01, Tab. I). the first year lambing period, 66% of ewes
Merely 15% of the ewes lambed during thdambed during the second month, nearly
first fortnight of the lambing period in the twice as much as during the corresponding
first year, that is twice less than during theperiod of the second year (37%).
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804

lower than 2 for 78% of them), appearing
~ during year 1 only and of which nearly 75%
< 60 will be fertilised late, during the 3rd month
2 of the mating period and class 2 made up
S 40+ of animals in fairly good condition (BW,
2 BCS and TCS higher than flock mean val-
g 20 ues). These unfertile animals represented a
= nearly constant proportion (6 to 8%) of the
0 flocks, whatever the year and their geno-
<1 2to<3 4t0<5 type. Their barrenness seemed independent
Back condition score from nutritional conditions.
—O— stfortnight —®—— 2nd fortnight
2nd month Frdmonth 3.3. Relation between body condition
Figure 2. Distribution of ewes lambing during and reproduction performance
different periods, according to their body con-
dition. Considering previous remarks (Sect. 2.4),
all the lambing ewes are included in this
The 94 ewes not yet pregnant 2 month& nalysis.

after the introduction of rams (16% of the o

total population), weighed on average 7 kg3'3'1' Fertility
less than the fertile ewes, and their BCS was  For poth flocks, the 35-kg body weight at
0.5 to 1.0 point lower (Tab. Il). This group mating seemed a threshold for fertility,
can itself be d|_V|ded into 2 classes (Fig. 2)ivhich, even after a 3-month mating period,
class 1, emaciated animals (54 ewes, BCaried from 75% in the lighter ewe group

Table Il. Characteristics of ewes at the beginning of the mating period and corresponding reproductive
performance according to their lambing date (data of 2 years pooled).

Lambing period Flock Number Lambing Body condition Live weight Prolificacy

of ewes date (kg) (per 100)
Body Tail

1st fortnight 67 190ct. 29+09 3.2x1.1 489+6.5 15463
2nd fortnight ~ Prolific 169 30 Oct. 24+06 24+11 433+6.9 154+57
2nd month 17 14Nov. 2.1+0.6 21+11 38489 125+43
EmptyD) 47 - 20+08 1.7+1.1 37.3+7.1 -
3rd montt?) 21 8 Jan. 1.6+0.5 1.3+0.8 35.0%4.2 133+50
Empty? 26 - 230.9 2.1+1.2 39.1+83 -
1st fortnight 100 200ct. 32%12 3214 496+86 133%50
2nd fortnight ~ Control 90 31 Oct. 33+13 33%13 51.8+94 123142
2nd month 33 21Nov. 3.0+1.4 3.0+14 49504 112+30
Empty® 47 - 21+1.1 21+11 434+106 -
3rd montt?) 19 8 Jan. 1.7+0.7 1.7+0.7 38.7%56 10520
Empty? 28 24+12 2514 472%12.1 -

@. @ The same ewes are present on lines (1) and (2) in italics. The animals on line (1) were considered empty after
2 months with the rams. Some of them were fertilised during the third n8dtmonth in the table), while the
others remained emptiipty in the table).
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to 92-96% in the other® 0.001). Simi- condition. When for each year, we assigned
larly, a non significant trend to fertility the ewes into 5-kg BW or 1-point BCS or
reduction beyond 55 kg could be observedTCS classes, the most significant relations
Such a result has already been reported Hinking mean fertility to class average value
Lassoued and Khaldi [14] and by Abden-are curvilinear with BW, linear and very
nebi and Khaldi [1] in the Tunisian Bar- close to one the other, with BCS or TCS as
barine breed and by Thomson and Bahadixplaining variables. Such relations are pre-
[21] with Syrian Awassi ewes. The lattersented in Figures 3 and 4 (for the latter we
authors, which observed a regular fertilityused BCS in flock C and TCS in flock P to
rate improvement with body weight increasdllustrate relation similarity, at least for
from 36 to 50 kg, or BCS from 1.5 to 2.5, fertility). These relations explain 56 to 95%
linked them by a curvilinear relation. Sim- of the total variance observed in flock C
ilarly, distribution of flock C data into (P < 0.01 with BW,P < 0.1 with BCS or
5 BCS or TCS classes allowed to separat€CS) but only 52 to 56% in flock P where
animals into 2 groups with different fertility they are not significant.
levels. Fertility of the leanest ewe group
(BCS < 1.5, 123 animals) reached 86% angd 3.2, prolificacy
was close to 96% for the remaining animals
(year 1:P < 0.05; year 2P < 0.1 and The prolificacy of ewes pooled as
P <0.001 for the pooled data of both years)eynosed earlier (Sect. 2.4) increased with
Such a relation was not observed in thes\y BCS or TCS, reached a maximum
P flock. value in the 50-55 kg BW and 3.5-4.0 BCS
The relationship between body weightor TCS classes and then decreased. The
or body condition and fertility varies accord-accuracy of relations between prolificacy
ing to the method used to estimate animaind body conditions varied from one year to

Fertility, Prolificacy

Figure 3. Ewes fer-

ili ifi T T T T T T T 1
tlllty and pl’OlIfIC&Cy 30 35 40 45 50 55 60 65 30 35 40 45 50 55 60
according to body

WEight at mati ng Ewe body weight (flock C) Ewe body weight (flock P)
(5-kg classes). @ Fertility ~ © Prolificacy e Fertility ~ © Prolificacy

Figure 4. Ewe fertil-
ity and prolificacy
according to body
score at mating (BCS, 08T T~ T T T T T T |

back condition score;
TCS, tail condition BCS (flock €) TCS (flock P)

Fertility, Prolificacy

score). @ Feriility O Prolificacy e Fertility O Prolificacy
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the other. In both flocks, they were highlyyear 2 simulated a High-Low one. More-
significant during year 1R(< 0.001) and over, insofar as they agree with earlier rela-
not significant during year 2P(> 0.05). tions, we can infer from these observations
Pooling the data of the 2 years allows tananagement recommendations adapted to
establish relations based on larger BW, BCBarbarine ewes bred in the steppe.

or TCS variations. Ewes of flock P produced _ .
on average 0.2-0.3 more lambs per litter Two methods are available to establish

than ewes of flock C. Maximum discrep-SUCh recommendations. The first method

ancy between the 2 flocks was observed fdionsiders only average BW, BCS or TCS
groups of 40 to 45 kg live weight or fat values (Tab. Il), while the second method
females (BCS close to 4). A similar rela-takes into account the within-flock vari-
tion between body condition, ovulation rate2Pility (data used to draw Fig. 2). As early
and litter size has been known for many@mbing is essential, in both cases, the body
years [4]. Data indicating a prolificacy condition of ewes Iambmg during the-_ s_econd
decrease when BW or BCS exceeds gionth can be can|dered as a minimum.
threshold value are scarce with North Counfccording to the first method, management
try Cheviott [10], with Greyface [19], and of animals during the spring period must

with Awassi [21] in spite of the low prolifi- @llow flocks to reach, on average and at
cacy of the latter breed. least, 39 to 45 kg BW and 2.0 to 2.4 as BCS

A . . h ... or TCS according to ewe size. Such values,
kvery |mporttz)ant pg'ml’_ w dolse dorliqm 'S which do not take into account animal vari-
not know, must be underlined. It deals withyyyjji, “are dificult to utilise either because

low levels of relation (or even lack of rela’they require separating animals on many
tion) between body weight and/or body conq, ¢ casjons and feeding them differentially

dition and fertility in flock P. Selection for - /erfeeding the whole flock to improve
larger litter size, which increased ovulatlonct]he body condition of a minority
rate, could possibly have also reduce '

embryonic losses and reduced links between However it is also possible to take advan-
these 2 reproduction components and nutriage of the ability of ewes to keep their
tion. This remains a hypothesis and has to b&production performance at a fairly good
verified. and steady level even when food scarcity
induces marked BW losses. It is then pos-
sible to reason over ewe distribution and to
4. CONCLUSION suggest, as before-mating management tar-
AND RECOMMENDATIONS gets, not a BW or BCS mean value for the
whole flock, but a maximum frequency of
The present observations outline theewes with poor or even bad body condi-
effects of a natural spring climatic environ-tions. For that, we must take into account
ment in central Tunisia and its frequent conthe main constraints of such systems, breed
trasted variations, on ewe body conditiorcharacteristics and production purposes. In
at mating and on their subsequent produanost situations, as a consequence of the low
tivity. We can match these observations trolificacy of commercial flocks, and in
results obtained earlier by many authors afteagreement with Thomson and Bahhadi [21],
controlled experiments planned to clarifyhigh fertility and an early conception date (to
relations between body weight (static effectyear lambs before summer drought and high
and nutrition during pre-mating weekstemperatures) can be considered as the key
(dynamic effect) on the one hand, and ovuef a successful mating period. If 2 months is
lation rate, embryonic losses, fertility andconsidered as a limit for mating period dura-
prolificacy on the other hand. Year 1 can béion, the maximum frequency of ewes in
assimilated to a Low-High treatment whilepoor condition is that observed in the group
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of ewes lambing during the second montH4l
(Fig. 2). According to average ewe mature
size and mean prolificacy, the following fre-
guencies can be considered as thresholdd
for the mating period: no more than 4 to
10% of ewes weighing less than 35 kg; 6 to
8% of animals with a BCS lower or equal
to 1.5 or, at last, 10 to 15% with a TCSI®]
lower or equal to 1.5. This method presents
2 advantages, it allows to bear in mind the
variability of animal response to the level
of feeding, but also breed specificity. Indeed,
these trials have shown that although Bar-
barine ewes are able to tolerate poor nutri’]
tional conditions without a huge decline of
performances, at least for fertility, con- g,
versely (except for flock P which is still
experimental, and not yet observed in com-
mercial farms) the improvement of feeding
level has a limited effect on litter size.
Indeed, huge BW or BCS differences (10 kdg]
and 0.8 points, corresponding to mean val-
ues observed in groups of ewes lambing
during the first month, or later, during the
2nd and 3rd months) induced only a smallt0]
difference in prolificacy (0.15 lambs per lit-
ter) in flock C, closer to private herds than
P. Supplementation of such animals is dif{yy)
ficult to justify on an economic basis.

These recommendations constitute tar-
gets for farmers who, weeks before intro-
ducing the rams into their flocks, must adapty1 2]
and eventually improve their range man-
agement or feeding policy in order to reach
these targets in early or mid-May at the
beginning of the mating period.

[13]
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