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Reproduction and adaptation characteristics in D’man sheep
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Abstract. D’man breed (D) is found in the oasis of the subsaharian regions of Morocco
and reared usually in sedentary type of management with small flocks (< 10 ewes). Prelimi-
nary field surveys showed that D is early maturing, prolific and aseasonal. Hence, a multidis-
ciplinary research programme on D was started in 1974.

This paper reports the findings of these studies and describes the approach used to (1)
characterize and evaluate the performances of D in field and station, (2) study the physiologi-
cal mechanism involved in its peculiar reproduction and production, (3) study the genetic ba-
sis of reproduction parameters, and (4) evaluate use of D in crossbreeding schemes to improve
the productivity of other Moroccoan breeds.

Results show that D is one of the rare breeds that is simultaneously early maturing, highly
prolific and completely aseasonal. However, studies on water turnover and nitrogen recycling
show that D is not well adapted to hot climate and poor nutrition.

Its reproduction parameters are relatively independent of photoperiod and related to a low
sensitivity to negative oestrogen feedback. D male is characterized by high libido and can be
used for synchronizing oestruses through the »ram effect».

Crossbreeding experiments with non-prolific sheep confirm the heritability of reproduc-
tive parameters. However, the genetic basis for these is not yet well known.
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1. Introduction

Early work undertaken on D’man (D) breed
both in station and on the field showed
reproductive characteristics of this breed
which are different from those of other
Moroccan breeds: precocious puberty

(219—229 d), a short postpartum anestrus
(34—64 d), non seasonality of breeding and
high prolificacy (2.86) (7, 17, 19, 20). With
an ovulation rate (OR) of 2.85 (17), D ewe is
considered among the most prolific breeds as
this OR approaches that of other prolific
breeds (Romanov 2.86, Boorola 2.68, Finn-
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sheep 3.31) (30) and is higher than that of oth-
er Moroccan breeds (Beni-Hsen 1.25, Timah-
dite (T) 1.1, Beni-Guil 1.1, Sardi (S) 1.1).
Prolificacy in D varies from 2 to 2.6 compared
to that of Beni-Hsen (1.18), T (1.0), S (1.0)
and Beni-Guil (1.0) (4, 8, 17).

Experiments were designed to try to deter-
mine the physiologic mechanism and genetic
components which are behind these charac-
teristics; these esperiments can be summarized
as follows:

Studies of litter size (LS), OR and embryo
survival (ES).
Determination of endocrine regulation of
multiovulation.
Determination of photoperiod and genet-
ic involvement in the expression of sexual
activity.
Studies on adaptation of D to harsh en-
vironment and its possible use for inten-
sification of sheep production through
crossbreeding with local meat breed like
Sardi.

2. Litter size and its components

2.1 Litter size

From the analysis of 1852 performances
gathered in two stations at Ziz valley, Bouje-

nane et al. (6) reported an average LS of
2.09, ranging from 1.77 in ewes of less than
12 months old to 2.32 in ewes for which age
was between 30 and 42 months (Table 1).
Moreover, LS varied from 1 to 3 in ewe lambs
and from 1 to 7 in ewes older than 42 months.

In a crossbreeding experiment involving D
and S purebreeds, Boujenane et al. (6)
reported that the average LS were 1.80, 1.20
and 1.55 in D, S and D X S ewes. These
results which are in agreement with those of
Bradford al. (9) (Table 2) shows that LS var-
ied from 1 to 6 in D, 1 to 3 in S and 1 to 4
in D x S ewes. It seems from these that LS
has an additive inheritance, since heterosis was
small (1.4 %). This result agrees with several
other studies (10, 22, 28).

2.2 Ovulation rate

From Table 3, OR in adult D ewes (3.18)
is signifantly higher than in 1-year old ewe
lambs (1.9 to 2.3). It ranged from 1 to 7 and
from 1 to 4 for adult and young females,
respectively. The mode of the OR distribution
is 3 and 2 for both groups. Seasonal variation
of OR is not significant.

Repeatability of OR as determined through
simple correlation of OR on 2 successives cy-
cles in 15 D ewes was 0.59 (20). However, it
ranged only from 0.2 to 0.37 when calculat-
ed, through simple correlation between pairs
of data for 3 seasons (9).

In comparing OR of D, S and their
crossbred ewes, Boujenane et al. (5) found
averages of 2.56, 1.23 and 1.92 respectively.
Moreover, OR ranged from 1 to 8, 1 to 3, and
1 to 4 in D, S and D x S ewes (Table 4). It
is essential to point out that as the mean OR
increases, the proportion of single births
decreases while that of multiple births in-
creases.

High repeatability of OR in this breed in-
dicates the possibility of presence of a major
gene comparable to the Boorola gene report-
ed by Piper and Bindon (26). On the other
hand, individual heterosis for OR was small
and negative (—0.5 %) (6). This result shows
that OR is controlled by additive genes and
it is in agreement with those of Land et al. (22)
and Ricordeau et al. (28).

2.3 Embryo survival

ES reported in D (Table 5) is as high as that
of Romanov (28) and Javanese (12). This trait
is influenced by age. OR and LS were respec-
tively (2.89, 2.07) and (2.27, 1.35) for adult
ewes and ewes lambs giving an ES rate of 0.72
and 0.59 for these age groups. This suggest
that LS is more correlated to OR in adult ewes
than in ewelambs.

In addition, averages of ES were 68.3 %,

83.7 % and 95.4 °7o in D, D x S and S ewes
which ovulated respectively. The effect of
breed group for the same number of corpora
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lutea was not significant (P > .05). The only
effect on embryo mortality was the number
of ova shed. Thus, when the number of cor-

pora lutea were 1,2, 3 and 4or greater, ES
was 81.2 %, 86.8 %, 79.2 % and 66.3 %

respectively. An equation similar to that of

Table 1. Least squares means and distribution of litter size in D’man ewes by age class.

Age Number Least Stan- Frequency (%)

class of squares dard '
" ' " " " ~

iv l 12 3 4 5 6/(months). obs. means error

< 12 48 1.77 .13 43.8 45.8 10.4
12 to 18 395 2.02 .05 30.4 47.8 18.7 2.8 .3
18 to 24 267 2.12 .06 28.1 42.3 23.6 4.9 .7 .4
24 to 30 292 2.21 .05 22.6 44.5 26.7 4.5 1.7
30 to 42 356 2.32 .05 18.0 44.6 27.0 9.0 1.1 .3

>42 494 2.13 .05 28.9 39.5 24.3 6.3 .6 .2 .2
All ages 1852 2.09 .03 26.4 43.6 23.5 5.4 .8 .2 .1

Table 2. Variability in litter size of Sardi, D’man and FI ewes. (9).

Breed Age at Total no. Mean litter Frequency (%)

mating litters size ~ ~ ~

1 2 3 4 5 6

Sardi 20 mo 136 1.11 73.8 9.6
10 mo 20 1.00 100

D'man 20 mo 12 2.17 41.7 16.7 33.3 8.3
10 mo 33 1.58 42.4 51.5 6.1

DxS 20 mo 42 1.79 35.7 50.0 14.3
10 mo 91 1.26 73.6 26.4

Table 3. Variation of ovulation rate with age and season in D’man ewes (9).

Age at Season Number of 9 Mean Number of 9
joining number

endo wthC.L , n , 1 2 3 4 5 6 7of C.L

Adult Nov— Dec 38 34 2.82 4 9 11 9 1
May— Jun 36 32 3.81 5 8 13 2 2 2
March 41 39 2.97 4 9 15 7 3 1

115 105 3.18 8 23 34 29 6 3 2

21—22 May—Jun 16 15 3.40 14 3 3 3 1
months

II Nov—Dec 14 11 2.27 2 5 3 1
months March 29 25 1.92 8 12 4 1

Table 4. Least squares means and distribution of ovulation type by breed group.

Breed Number Least Stan- Frequency (%)

Group of squares dard ~

. 12345678obs. means error

D'man 179 2.56 .07 14.7 32.9 27.1 17.1 5.0 2.1 1.3 .4
Sardi 411 1.23 .05 74.2 25.5 .3
DxS 191 1.92 .09 45.1 40.7 12.8 .8
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Table 5. Embryo survival in D’man dynumber of ovula-
tions.

AuthorsOvulation rate

1 2 3 4 5,6,7

90 82 69 58 (9)Embryo
Survival
(%)

90 78 71 49 (20)
88 87 79 67 (5)

Hankahan (15) was derived for all ewes
which ovulated:

Y = 1.198 X—.116 X 2
where X and Y indicate OR and LS respec-
tively. This equation shows that the highest
LS of 2.65 corresponds to an OR of 4.78. ES
of crossbred ewes was better than the average
of parental breeds; heterosis was 14.6 %. This
result shows that ES is a heterotic trait.

3. Endocrine mechanism of multiovulation

Comparative studies on folliculogenesis in
D and Timahdite around birth and in the adult
indicate that D has more large follicles and less
atretic follicles which is mainly due to high lev-
el of FSH (19, 21). In recent studies, D sen-
stivity to estrogen negative feed-back and to
gonadotrophins was tested.

Results summarized in table 6 and table 7
indicates that the D had a greater OR after
PMSG than did the non-prolific breeds either
in adult and ewe-lambs. This is in agreement

with results of other experiments (3, 11) show-
ing greater gonadotrophin responsiveness in
animals with higher natural OR. However,
when the response to PMSG is expressed as
a multiple natural OR, the non-prolific breed
seems to be more responsive than the D. The
relative increase in OR when the dose of
PMSG increased from 250 to 500 was 43 %

and 92 °/o for D and T ewes, respectively (31).
On the other hand, estrogen negative feed-

back is more marked in T than in D ewes. This
was shown in ovariectomized ewes fitted with
estrogen implants. In these animals, the lev-
els of FSH and LH were singificantly higher
in D than in T (Lahlou-Kassi, unpubl. data).
It was concluded that D ewes are less sensi-
tive to estrogen feedback mechanism.

Multiovulation seems to be a resultant from
higher level of FSH allowing growth of more
follicles that are in last stages of development
and a higher sensitivity of follicles to
gonadotrophins probably due to higher con-
centration of FSH and LH receptors. This
hypothesis is under investigation (Lahlou-
Kassi, unpubl. data).

4. Photoperiod effect on breeding season
in D’man

4.1 In the female
Total seasonal anestrus is absent in this

breed, even in ewes out of their natural in-

Table 6. Induced ovulation rate by using PMSG and HCG in D’man and Sardi ewe-lambs. (Lahlou-Kassi et al.,
unpubl. data).

Croup n Age Weight PMSG HCG Number of C.L
(days) (kg) m (|ii) 1 2 3 4 S 6 7 8 910 II

D'man 7 95.4111.9 9.7 + 2.1 400 500 13— 1 1 1
(7 4.14±3.36)

D'man 7 96.6± 7.6 11.4 + 3.9 200 500 1 1 2
(4 2.25 + 0.83)

D'man 6 87.5+11.6 9.811.9 500 1 1
(2 2.5 +0.5 )

Sardi 7 103.1+ 4.9 13.0 + 3.4 400 500 3 11
(5 1.6 10.8 )

Sardi 7 97.81 6.2 12.812.4 200 500 2 1
(3 1.3310.47)
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habitat. Maximum estrus activity occurs
around summer and winter solstices, and a
minimum activity occurs in October and
around March. However, the percentage of
ewes in estrus is never lower than 50 % (7, 17).
These results suggest that D breed is less sen-
sitive to photoperiod. This hypothesis was
tested on 20 D maintained under an artificial
photoperiod corresponding to that of Eat :

Table 7. Ovulation rate after treatment with different
doses of PMSG.

Dose Ovulation rate Authors
of PMSG

- 7ZD man Timandite

0 1.5610.2 1.02±0.0 (27)
250 2.90+1.26 1.36±0.75 (32)
375 2.40±0.4 1.57 + 0.2 (27)
400 3.03 + 1.88 (24)
500 4.16± 1.95 2.62 ±1.57 (32)
750 6.72 ±1.2 4.58+1.1 (27)

1500 11.01 ±1.3 6.93 ±l.O (27)
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56°N (Edinburgh, Scotland). Estrus and ovar-
ian activity of these ewes was compared to a
control group (Eat : 32°N, Tadla, Morocco).
Results of this experiment (Table 8) show that
estrous behaviour was affected by Scottish
photoperiod in D. Number of ewes showing
estrus was low during the Sept—Dec period
in the first year of the experiment and between
July and Dec in the second year. This was not
clearly shown in S ewes of which breeding sea-
son is centered around the winter solstice.
However, ovarian activity determined by plas-
ma progesterone levels was not affected in D
(18). This pleads in favour of a lower sensi-
tivity of this breed to photoperiod variation.

4.1. In the male

In the male, a study on characteristics of
semen from 5 rams collected by artificial va-
gina weekly for 2 years showed that volume,
gross motility and individual motility were

Fig. I. Weight gain per animal and per Kg of body weight in genotypes S, S x D, and D placed in shade (SH)
or exposed to the sun (SN) during winter and during summer.



relatively constant. However, concentration
was affected by season and decreased between
May and August, may be due to poor nutri-
tional level. The D ram seems to reach exhaus-

tion earlier than S rams as concentration of
semen decreasedrapidly by rank of ejaculate
(32).

The libido in D ram seems to be higher than

Table 8. Ovarian activity of D’man and Sardi ewes as monitored by changes in plasma progesterone level and by
detection of oestrus under two photoperiods during a period of 682 days.

Group Theoretical Observed Observed Mean
no. of no. of no. of efficiency

ovul. or est. ovul. estrus. of est. exp.

D'man
Control 351 314 211 67.2%

34.8±3.9 23.4±4.2
Experimental 779 736 345 46.9 %

36.8± I.9ns 17.3 + s.9***
Sardi
Control 442 271 230 84.5 to

22.5±3.5 19.2±4.2
Experimental 664 418 287 68.7 %

23.3±3.6ns 15.3 ±6.3*

Fig. 2. Plasma thyroxine (T4) and triodothyronon (T3) in genotypes S, S x D, and D placed in shade (SH) or ex
posed to the sun (SN) during winter and during summer.
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in other breeds. In Tadla experimental farm,
breeding record indicates a possible high male
effect of ram from this breed, but this hypoth-
esis was not thoroughly investigated.

5. Adaptation of D’man sheep to
environmental constraints

The production of sheep is influenced by
genetic potential of the breed (growth rate,
fertility) and its adaptation to the environmen-
tal stress (heat, solar radiation, water and food
restriction). Because of its high prolificacy,
there is a rising interest to use the D outside
its original habitat either as a pure breed or
more than often in cross breeding. The most
advanced program is the crossbreeding with
the S in the Tadla region.

The D is originally reared in the shade of
the oasis where it is watered permanently and
fed with a high nitrogen ration composed with
alfa-alfa. The S is grazing in the Tadla region.
During the hot season, this breed is fed on the
stubble which are poor in nitrogen and high
in fiber. In addition, it is exposed to solar radi-
ation and subjected to unfrequent watering.
The production under this environment de-
pends on the ability of the animals to econo-
mize water and nitrogen and to minimize the
effect of heat stress. Comparative studies have
been made on water turnover, urea recycling
and reactions to heat stress in Sardi, D’man
and FI.

5. 1. Water turnover and urea recycling

Water turnover which expresses the water
needs was measured during the critical phases
of the production cycle such as pregnancy, lac-
tation, and the growth period using tritiumas
tracer. Table 9 shows that water turnover un-
der thermoneutral conditions is higher in S
than in D and FI. These differences were sig-
nificant during pregnancy and growth.

In ruminants, it is well established that en-
dogenously produced urea is partly degraded
to ammonia in the digestive tract and partly
excreted in the urine. The ammonia produced

in the rumen can be used for microbial pro-
tein synthesis (14). The proportion of urea
degraded in the digestive tract (= urea recy-
cling) increases when the diet becomes poor
in nitrogen. In addition, it was reported that
the ability to recycle the urea is influenced by
the genotype (25). When fed with a low pro-
tein diet, S and the FI show a higher urea re-
cycling rate than D and this effect was more
pronounced during pregnancy than during lac-
tation (Table 9).

The low water turnover and high urea recy-
cling rate seen in S can be related to the adap-
tation to the stress of low nitrogen intake and
unfrequent drinking observed during the sum-
mer in the Tadla region.

5.2. Seasonal heat stress and growth
Berger et al. (2) reported that the post

weaning growth is depressed when it occurs
during the summer period. To elucidate this
seasonal difference in growth, a comparative
study was conducted in growing lambs (3 to
6 months age) during the summer and during
the winter with a similar nutrition level. The
animals from 3 genotypes (D, S and FI) were
divided in 2 groups, one exposed to the sun
and the other having access to the shade. The
results in the Table 10 confirm that the post
weaning growth is depressed in the summer,
but mainly when the animals are exposed to
the sun. This effect was not caused by a de-
crease in food intake, but by a decrease in
food conversion efficiency.

When growth was compared in the 3 geno-
types, S and FI showed the highest absolute
growth in comparison with S. Since the 3
genotypes do not have the same mature
weight, the relative growth rate was used to
compare the 3 breeds. It appeared that the D
and the FI have a much higher (28 %) rela-
tive growth rate as compared to the S. In ad-
dition, the relative growth rate was depressed
during summer in D and FI but not in the S.

It is known that the level of thyroid hor-
mones are influencedby ambient temperature
and genetic background and that there is a
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Table 9. Water turnover and urea recycling rate in D’man, Sardi and FI during pregnancy, lactation and growth.

Water turnover Urea recycling

T l/a (h) (ml/kg 77d) (mmol/kg'Vd) %

Pregnancy
D'man 131+ 3 228+ 8 5.7 + 0.9 71+2
Sardi 217+15 161 + 17 9.4 + 0.7 80±4
F, 153± 8 201110 8.3+1.2 76 + 3

Lactation
D'man 98+ 7 306+14 5.0 + 0.4 74±4
Sardi 115+ 6 285+15 5.5+1.3 77 + 4
F, 101 ± 7 307+17 6.1 + 1.1 76±4

Growth
D'man 1031 3 260110
Sardi 1271 5 229113
F, 106+ 3 279+10

Table 10. Absolute growth rate and food efficiency coefficient during the winter and during the summer in lambs
(3 to 6 months age). The animals were divided in 2 groups, one exposed to the sun and the other having
access to the shade.

Winter Summer

Shade Sun Shade Sun

Growth (g/day) 160+11 154± 10 13916 118±9
Food efficiency 13.7 14.0 16.0 18.7
(Meal ME/kg gain)

relationship between thyroid activity and
growth rate (1, 13). A related question is the
possible role that thyroid function (known to
be depressed by environmental heat) played
in the observed reduced growth rate during the
summer and in the difference in growth be-
tween breeds. In fact, it has been shown in this
study that thyroxine (T4) and triiodothyronin
(T3) were depressed during summer in all the
3 genotypes. On the other hand, the D showed
higher levels of T 4 and T, than S with inter-
mediate levels for the F,.

6. Conclusion

Results obtained by different authors sug-
gest that prolificacy in D may be related to
other parameters (low age at puberty, non
seasonality, ...). All these components of
reproductive efficiency may have the same
basic mechanism. The low sensitivity of pro-

lific breeds to estrogen negative feed-back (22)
and the role of this feed-back in seasonality
(23) may explain the relationship between
reproductive parameters.

Results from the study on genetic support
of prolificacy in D shows that the presence of
a major gene controlling this trait is controver-
sial. The existence of this type of gene will al-
low a selection for two strains, one with a LS
< 2 and one with a LS > 3. This selection
offers possibility of controlling LS and use of
D by farmers for cross-breeding with non-pro-
lific ewes according to their goals and their
specific production system.

D shows, in addition to its high prolifica-
cy, a high potential for fast growth which can
be efficiently used in cross-breeding. This
characteristic is associated with high water
turnover and high levels of blood thyroid hor-
mones. However, D appears to be more
suceptible to the effect of environmental stress
of the summer period than the S.
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