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The effect of dietary protein on reproduction in the mare. VII. Embryonic
development, early embryonic death, foetal losses and their relationship
with serum progestagen

F E van Niekerka and C H van Niekerka

INTRODUCTION
Horses, particularly Thoroughbreds,

have a history of low reproductive
efficiency compared to other domestic
animals, with earlier reports indicating a
45–50 % live foal rate23. Subsequently,
foaling rates of 76–84 % for Thorough-
bred, Standardbred and Quarter-horse
farms have been reported4,5,8,16,22,23,24. Em-
bryonic losses of 5 % from Days 23–437,
5 % from Days 20–4525, 16 % from Days
15–4013, 17 % from Days 15–5033, 10 % from
Days 14–4836 and 8.9 % from Days 22–446

of pregnancy have been reported
previously. Marlow17 reported a total
foetal loss of 12.6 % in Thoroughbred
mares in South Africa. Losses that can
occur throughout pregnancy could be
either of infectious or non-infectious
aetiology. Factors include age of mares35,
maiden mares served when very young20,
endometrial cysts and inflammation1,28,36,

twin pregnancies10,21,24, environmental
factors causing stress such as high or very
low ambient temperatures, transport of
pregnant mares resulting in a decrease in
serum progestagen concentrations to
levels where embryonic or foetal loss is
experienced28, mares with a history of
embryonic loss36, immunological rejec-
t ion, chromosomal abnormalit ies,
endometrial fibrosis2 and mating at foal
heat7,15,18,35. A mathematical approach by
Ginther11, based on the fact that the
vesicle is not detectable during the
early intra-uterine life of the conceptus
and that embryonic loss is therefore
extremely difficult to determine1 2,
indicate embryonic loss at 8.5 % before
Day 10 post-ovulation.

Adequate progesterone is important for
uterine and endometrial function and
maintaining pregnancy. Luteal produc-
tion of progesterone is therefore of the
utmost importance during early preg-
nancy. Hypofunction of a corpus luteum
(CL) could be the result of either underde-
velopment or lack of functional mainte-
nance. Inadequate stimulation of the

granulosa cells at ovulation by LH could
result in improper CL formation11.

Studies concerning the relationship
between nutrition and embryonic or
foetal loss in mares are limited. Mares that
conceive at foal heat have an increased
incidence of pregnancy loss that is most
probably due to high milk production
and consequent negative energy balance
of the mare18. Other studies indicate an
increase in embryonic loss from Days
25–31 in poorly fed mares3, while dietary
restriction of mares carrying twins
normally results in the loss of one em-
bryo19. Embryonic losses observed were
not related to energy metabolism. The ex-
tent to which dietary protein influences
these findings has not been determined.

The purpose of this study was to deter-
mine the effect of dietary protein quality
and quantity on embryonic development
and foetal loss during early pregnancy.

MATERIALS AND METHODS
Sixty-four Thoroughbred and Anglo-

Arab mares aged 6–12 years were used. Of
these mares, 40 were non-lactating (NL)
and 24 lactating (L). The mares were
randomly assigned according to age and
body weight to 1 of 4 dietary groups as
previously described32. All foals were
weaned at the age of 6 months. Mares
were teased and covered as previously
described32. Mares were examined rec-
tally and the diameter of the embryos
measured ultrasonographically from
Days 14–16, 18–22, 28–30 and 33–36
post-ovulation and monthly thereafter by
rectal palpation until 8 months preg-
nancy duration. All pregnancy losses
were recorded. Blood samples of preg-
nant mares were collected, processed and
the serum stored for progestagen deter-
minations as previously described31.
Blood samples were collected daily for the
1st 3 days after ovulation and then every
3rd day until Day 33 of pregnancy. From
Days 35 to 50, blood samples were
collected daily. Thereafter blood samples
were collected weekly until foaling. All
blood samples were collected between
06:00 and 07:30.
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ABSTRACT
Sixty-four Thoroughbred and Anglo-Arab mares aged 6–12 years were randomly allocated
to 4 dietary groups and fed diets that differed in the total protein content and quality
(essential amino-acids). Forty mares were non-lactating and 24 lactating. Eight mares were
withdrawn from the investigation owing to injuries or gynaecological pathology. An
overall conception rate of 94.6 % and a foaling rate of 80 % was achieved. Five of 14 (35.7 %)
mares (Group 1) fed a low-quality protein diet suffered from early embryonic loss before 90
days of pregnancy compared to 3 of 41 (7.3 %) mares in the remaining groups that received
the higher-quality protein in their diets. Serum progestagen concentrations of mares in
Group 1 that suffered foetal loss were indicative of luteal function insufficiency during the
1st 40 days post-ovulation. Non-lactating mares in all 4 groups gained on average approxi-
mately 30 kg in mass during the 90 days before the breeding period. Lactating mares in
Group 1 (low-quality protein) lost on average 25 kg in mass during lactation, with no weight
loss observed among the lactating mares in the other 3 groups. No difference in the
diameter of the embryonic vesicle was found between dietary groups until Day 35 of
pregnancy.
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Initially, mares were kept as 8 different
groups, of which 4 were NL and 4 L, in
paddocks of 50 × 30 m. After weaning, the
mares were placed together and kept as 4
dietary groups in paddocks of 80 × 30 m as
previously described29. At this stage all
mares that were not pregnant were
removed from the trial. The composition
of the diets, and the total daily crude
protein and amino-acid intake of the
mares in the different dietary groups
have been described by Van Niekerk et
al.29. All aborted foetuses were submitted
to the Provincial Veterinary Laboratory,
Middelburg, Eastern Cape Province, for
examination. All mares were weighed
weekly from parturition until the time of
weaning.

Statistical analysis
Results were compared using the mixed

model LSML 76 described by Harvey14.

RESULTS
Pregnancy rates, foetal losses before 90

days of pregnancy and abortions in mares
in the 4 dietary groups are shown in Table
1. Mares withdrawn from the experiment
owing to injuries or gynaecological
pathology were: Group 1 (NL): 1 mare did
not show signs of oestrus; Group 2 (NL):
1 mare had a cyst in a uterine horn; Group
3 (NL): 1 mare had a torn cervix and 1
mare was intractable and was not cov-
ered; Group 4 (NL): 1 mare had a physical
injury; Group 3 (L): 2 mares had physical
injuries; Group 4 (L): 1 mare had
endometritis and was not covered. There-
fore only 56 mares are included in the
results. In 1 mare (No. 32; Group 4 NL)
implantation occurred in the body of the
uterus immediately anterior to the cervix
(body pregnancy) and was expelled
before Day 60.

Serum progestagen concentrations of
the 3 mares in Group 1 (NL) that lost their
embryos before 90 days are shown in Fig.
1, from the time of foaling until the time of
embryonic loss. No embryonic vesicle
was detectable in Mare 1 (NL) by Day 43.
In Mare 63 (NL) foetal loss occurred
between Days 65 and 75. In Mare 6 (NL)
embryonic loss occurred between Days 30
and 33. The 3 mares did not show signs of
oestrus after foetal loss and were not
covered again.

The serum progestagen concentrations
of lactating mares 1 (L) and 6 (L) in Group
1 that lost their foetuses are shown in
Fig. 2. Mare 1 (L) lost her foetus between
Days 85 and 95 and Mare 6 (L) between
Days 60 and 70. Neither mare showed
further signs of oestrus and consequently
they were not covered again.

The serum progestagen concentrations
of the non-lactating mares that lost their

foetuses before 90 days of pregnancy
(Mares 31, 32 and 36) in Group 4 (NL) are
shown in Fig. 3. Mare 31 lost her embryo
between Days 40 and 46 and ovulated
again on c. Day 48, had a normal oestrous
cycle and was mated during the following
oestrus, conceived and carried to term.
Mare 32 had a body pregnancy and serum
progestagen concentrations increased to
reach maximum values of 10–16 ng/m
from Days 9 to 17. Values then declined to
8–10 ng/m reaching a minimum of
4.4 ng/m by Day 33. After Day 34, values
increased to normal (8–15 ng/m ) from
Days 37–50 and then declined rapidly to
baseline values by Day 60. This mare
ovulated again on c. Day 63, which was
followed by a normal oestrous cycle, was
mated during the next oestrous period,
conceived and carried to term. Mare 36

showed a normal increase in serum
progestagen concentrations after ovula-
tion that remained high (10–12 ng/m )
between Days 6 and 21 and then declined
to a minimum value of 6.4 ng/m by Day
39, followed by an increase to a value of
26 ng/m by Day 47. These values
remained high until Day 66 and then
declined to 4 ng/m by Day 73, when
foetal loss occurred. This mare did not
show any further signs of oestrus and was
not covered again.

Serum progestagen concentrations of
Mare 11 in Group 2 (NL) that aborted on
Day 245 of pregnancy and Mare 5 in
Group 1 (L) that aborted on Day 170 of
pregnancy are shown in Fig. 4. The foetus
of Mare 11 showed advanced autolysis. A
haemolytic Streptococcus sp. was isolated
from the foetal specimens (Provincial
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Table 1: Pregnancy rates, foetal losses before 90 days of pregnancy, and abortions in mares
in 4 dietary groups.

Groupa Number of mares

Total Withdrawn Pregnant Foetal loss <90 days Abortion

1 NL 10 1 9 3
2 NL 10 1 9 1
3 NL 10 2 8
4 NL 10 1 9 3
1 L 6 5 2 1
2 L 6 4
3 L 6 2 4
4 L 6 1 5

Total 64 8 49 8 2

aNL = non-lactating; L = lactating.
Group 1 = tef hay and cubes.
Group 2 = lucerne hay and cubes.
Group 3 = tef hay, cubes and fishmeal.
Group 4 = lucerne hay, cubes and fishmeal.

Fig. 1: Serum progestagen concentrations of non-lactating mares in Group 1 (NL) that lost
their foetuses before 90 days of pregnancy.



Veterinary Laboratory, Middelburg,
Eastern Cape Province). In this mare,
serum progestagen concentrations were
high until the day of abortion. In Mare
No. 5, serum progestagen concentrations
remained at high normal values until Day
138, when they declined to reach very low
values of 3.2 ng/m before abortion on
Day 170. The decline in progestagen con-
centrations occurred gradually during
the 30 days preceding abortion. The
foetus was normal and showed no signs
of autolysis.

The mean body mass of the lactating
mares in the 4 dietary groups is shown in
Fig. 5. Mares in dietary Groups 2 (L), 3 (L)
and 4 (L) maintained their body mass
throughout lactation. Mares in dietary
Group 1 (L) lost on average 25 kg during
lactation.

The mean diameter of the embryonic
vesicles of the lactating and non-lactating
mares are shown in Table 2. Although no
significant differences in the embryonic
vesicle diameter (mm) between dietary
groups were found at 14–15 d, 29–30 d
and 34–35 d post-ovulation, a significant
difference of 29.6 ± 1.5 mm (NL) com-
pared to 35.3 ± 1.7 mm (L) (P ≤ 0.05) was
found from Days 19–20.

DISCUSSION
An overall conception rate of 94.6 % of

mares covered was achieved. The 3 mares
that did not conceive were all lactating
mares. Eight mares in the 4 dietary groups
suffered foetal losses before 90 days of
pregnancy. Two of these mares were
remated, conceived and carried to term.
Two abortions occurred after Day 90 of
pregnancy. This effectively resulted in an
80 % foaling percentage and 14 % preg-
nancy loss rate. These results are in accor-
dance with those reported in previous
studies17. Ginther12 attempted to unify the
interpretation of reports on pregnancy
loss in the literature and pointed out that
results generally originated from studies
with divergent examination programmes
and reference points in pregnancy. He
concluded that an 18 % pregnancy loss
could be expected when the initial diag-
noses were performed on c. Day 20 and at
12 % when performed on Day 4012.

Possible causes of embryonic and foetal
loss as cited in literature, namely the effect
of age, abnormalities and inflammation of
the endometrium, twin pregnancy, con-
ception at foal heat, infectious diseases,
and mares with a history of embryonic or
foetal loss were excluded in this study.
Immunological rejection and chromo-
somal abnormalities usually result in very
early embryonic death and are generally
undetected. In the event of early
embryonic death before Day 12

post-ovulation, luteolysis occurs as in a
normal cycle and the mare will usually
come into oestrus before Day 21. As cited
in literature, environmental factors,

particularly those that cause stress in
pregnant mares, are important causes of
embryonic and foetal loss28. All mares in
this study were kept under the same
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Table 2: Mean diameter (mm) of embryonic vesicles of non-lactating and
lactating mares on Days 14–15, 19–20, 29–30 and 34–35 of pregnancy.

Days after ovulation Diameter of embryonic vesicle (mm)

Non-lactating (n = 35) Lactating (n = 16)

14–15 21.3 ± 1.3 21.4 ± 1.7
19–20 29.6a ± 1.5 35.3b ± 1.7
20–30 40.2 ± 1.5 42.6 ± 2.3
43–35 48.9 ± 1.5 50.1 ± 1.9

a,bValues in the same row with different superscripts differ significantly (P ≤ 0.05) (SE ±
mean).

Fig. 2: Serum progestagen concentrations of 2 lactating mares in Group 1 (L) that lost their
foetuses before 90 days of pregnancy.

Fig. 3: Serum progestagen concentrations of non-lactating mares in Group 4 (NL) that lost
their foetuses before 90 days of pregnancy. Mare 32 suffered from a uterine body
pregnancy.



environmental conditions, the only
exception being the differences in compo-
sition of the 4 diets, specifically the total
protein content and the quality of the
essential amino-acids. The total daily
protein intakes of the mares in all 4
dietary groups were met as described by
Van Niekerk et al.29,32 and only the essen-
tial amino-acid content that was shown to
be inadequate in the mares allocated to
dietary Group 1 varied32.

The question remains about the extent
to which nutrition, and specifically the
quality of dietary protein, contributes to
the prevention and/or reduced incidence
of embryonic loss. The results obtained
from mares in dietary Group 1 (low-
quality protein), including both lactating
and non-lactating mares, clearly show
that 5 of 14 mares (35.7 %) lost their
embryos before Day 90. Of the 41 L and
NL mares in Groups 2, 3 and 4 only 3
(7.3 %) lost their embryos and 2 of these
came into oestrus, were covered again,
conceived and carried to term.

Mares in Group 1 (L) lost on average
25 kg (Fig. 5) in body mass during lacta-
tion, and although mares in Group 1 (NL)
gained c. 30 kg on average during the
same period, an embryonic loss rate of
33 % was recorded. This indicates that
both the negative energy balance during
lactation and the total dietary protein
intake and amino-acid composition,
despite the fact that the mares in Group 1
(NL) gained weight, are important factors
contributing to embryonic loss.

It is well-known that progesterone is
essential for maintenance of pregnancy in
most species12. Progestagens desensitise
the myometrium and in doing so block
the stimulating effect of oestrogens,
which remain fairly high throughout
pregnancy12. Under the influence of
progesterone the cervix remains con-
tracted and tightly closed throughout
pregnancy, and should serum proges-
terone concentrations fall below critical
levels for that specific stage of pregnancy,
the myometrium will contract under the
influence of oestrogens, the cervix will
relax and embryonic or foetal loss may
occur.

The pattern of progesterone secretion
during pregnancy in the mare differs
from other species. In the pregnant mare
there are certain stages during pregnancy
when serum progestagen concentrations
normally decline. These stages are at
30–40 d when the primary CL produces
less progesterone and eventually
degenerates. At the same time large
follicles develop and ovulate to form the
secondary CL32. Some mares may even
show symptoms of oestrus and allow
copulation at this stage of pregnancy27.

The 2nd critical stage is between 60 and
90 d when the secondary CL may pro-
duce less progesterone and even degen-
erate before the placenta takes over the
function of progesterone production.
During this stage, serum progestagen
concentrations usually decline in most
mares and often reach critically low con-
centrations. Embryonic or foetal loss can
easily occur during these stages, particu-
larly when any form of stress, nutritional
stress included18,28, results in a further re-
duction in serum progesterone values.

Normally, progestagen concentrations
increase within 24 h post-ovulation to
reach maximum values of 8–20 ng/m
from Days 12–20 and then decline, reach-
ing the lowest concentrations from Days
27–4032. The mares (n = 3) in dietary

Group 1 (NL) (Fig. 1) all showed abnor-
mally low progestagen concentrations
during the 1st 3 days of pregnancy, and
this indicates inadequate secretory
function of the primary CL. Luteal
insufficiency could be caused by a
primary defect in the CL that occurs
during development (full function not
attained) or after development (full
function attained but not maintained), or
could be the result of premature luteal
regression (luteolysis). In considering
these 3 possibilities it appears that stimu-
lation and therefore formation and main-
tenance of the primary CL by LH was
inadequate. No similar low progestagen
secretion patterns were observed among
mares in the other 3 groups of NL mares.
In the mare the LH surge only attains
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Fig. 4: Serum progestagen concentrations of Mare 11 in Group 2 (NL) and Mare 39 in Group
1 (L) that aborted after 90 days of pregnancy.

Fig. 5: Mean body mass of lactating mares in 4 dietary groups during lactation.



maximum concentrations approximately
1 day after ovulation9,34 and the presence
of LH during this time of early luteal
development is important for functional
development. This prominent LH surge
in mares, with the highest concentration
occurring after ovulation, may account
for the early post-ovulatory rise in pro-
gesterone concentrations in this species.

Although the LH concentrations were
not determined at this stage of pregnancy
in this study, it was shown earlier30,31

that mares in dietary Group 1 (NL)
(low-quality protein) commenced
ovulatory cycles 3–4 weeks later than the
mares receiving high-quality protein
diets30,31. Follicular development of these
mares proceeded to the LH-dependent
stage and was then delayed3 0. All
early embryonic losses in Group 1 (NL)
occurred during the late transitional and
early ovulatory season30. It therefore
appears that the concentration and
bioactivity of gonadotrophin, specifically
LH, was inadequate for optimum luteal
stimulation, resulting in a hypofunction
of the CL probably caused by the low-
quality protein (essential amino-acid)
intake of the mares in this group.

The inverse relationship that exists
between nutrition and progesterone in
mares on a low-quality protein diet that
carry their foetuses to term was described
in an earlier article and has also been
reported for sheep and goats32. It is also
clear that a compensatory mechanism for
progesterone production is activated in
the mare in situations of nutritional
stress32. It is obvious that in the case of the
5 mares in dietary Groups 1 (NL and L)
that received the low-quality protein diet,
this compensatory mechanism did not
function and resulted in embryonic loss.
This may be an inherited defect and/or
that these mares are more susceptible to
deficiencies of essential amino-acids in
their diets. Consequently a lowered
production of LH at and immediately
after ovulation could occur that would
lead to inadequate luteal stimulation and
resultant subnormal and even subcritical
levels of progesterone production. When
the progesterone values decrease under
normal circumstances from Days 30–40
and again from Days 60–90, these mares
cannot maintain their progesterone
levels above the critical threshold and
embryonic or foetal loss results, probably
because the compensatory mechanism
that is activated under these circum-
stances32 remains inactive. In another
study26, it was also shown that the
post-ovulatory LH concentrations are
higher early in the breeding season
compared to those in the latter half of the
ovulatory season. The nutritional stress

imposed by the low-quality protein in
the diet in these genetically low-
progesterone-producing mares is
possibly reflected by lower LH secretion
at and after ovulation, which could be
aggravated by the possibly higher re-
quirement for LH early in the breeding
season.

In the case of Mare 1 (L) in Group 1, the
progestagen pattern was similar to the 3
non-lactating mares (1, 6, 63) until Day 45,
when progestagen concentrations in-
creased dramatically to Day 50 due to the
secondary CL. Levels then declined. A
similar explanation of an inadequate LH
surge in this case val idates this
progestagen concentration pattern. In the
case of Mare 6 (Group 1L), no increase in
serum progestagen was found at the time
of expected secondary ovulations.

The 3 mares in dietary Group 4 (NL) all
showed a rapid increase of progesterone
after ovulation and followed a normal
secretion pattern that indicated a
normally-functioning primary CL. The
serum progestagen concentrations of
Mare 31 show that secondary ovulations
did not occur. This resulted in pregnancy
failure, but the oestrous cycle was
resumed, the mare was mated and preg-
nancy to full term ensued. Mare 32, after
having a uterine (body) pregnancy and
losing her foetus, was also mated, con-
ceived and carried to term and embryonic
loss is therefore not considered to be
nutritionally related. Mare 36 lost her
embryo after Day 65 after showing a
normal progestagen secretion pattern
that indicates some other cause of foetal
loss.

Mares 11, Group 2 (NL) and 39, Group 1
(L), that aborted after 150 days of preg-
nancy both showed normal progestagen
secretion patterns during the 1st 120 days
of pregnancy. The cause of the abortions
was not considered to be related to diet.

The mean diameter of the embryonic
vesicles did not differ between dietary
groups, but when pooled the lactating
mares revealed a larger embryonic vesicle
diameter from Days 19–35 compared to
non-lactating mares. In both the L and NL
mares, embryonic development was
rapid until Day 15, followed by the
plateau phase. Although the reason for
measuring the embryonic vesicles was
purely to confirm pregnancy, no nutri-
tional effect on early foetal development
was established. The mean values were in
accordance with published results10,22.
Although the differences in vesicle
diameter were not significant, this might
have been the result of increased
myometrial activity and improved endo-
metrial secretion resulting from repeated
oxytocin release during suckling.

CONCLUSION
The high incidence of early embryonic

loss (35.7 %) in mares receiving a diet
containing low-quality protein (low in the
essential amino-acids) was most probably
caused by inadequate production of
progesterone from the primary CL. This
luteal insufficiency could be the result of
low levels of circulating gonadotrophic
hormones, especially LH, at the time of
ovulation, which could lead to under-
stimulation of luteal tissue. The metabolic
pathways in the production of progester-
one differ between the CL, placenta and
foetus on account of different enzymes
present in the different structures.
Whether the metabolic pathway and its
associated enzymes in the CL are
sensitive to dietary protein intake is
unknown. Embryonic vesicle growth was
unaffected by dietary protein intake. The
early embryonic losses in the non-
lactating mares were not associated with a
loss of body mass, in contrast to the
lactating mares, which lost on average
25 kg during lactation. We therefore
conclude that a dietary intake of low-
quality protein lacking in essential
amino-acids could result in low LH con-
centrations and consequently luteal
insufficiency, inadequate progesterone
production and early embryonic loss.

ACKNOWLEDGEMENTS
We thank the S A Medical Service for

financial support and for providing the
experimental animals, and Mr S W P
Cloete, Elsenburg Agricultural Develop-
ment Institute, for the statistical analysis.

REFERENCES
1. Adams G P, Kastelic J P, Bergfelt D R, Ginther

O J 1987 Effect of uterine inflammation and
ultrasonically-detected uterine pathology
on fertility in the mare. Journal of Reproduc-
tion and Fertility Supplement No. 35:
445–454

2. Allen W R 1987 Endocrinological and
immunological aspects of pregnancy
and pregnancy loss. Proceedings of the
9th Bain Fallon Memorial Lectures, Sydney:
61–74

3. Belonje P C, Van Niekerk C H 1975 A review
of the influence of nutrition upon the oes-
trous cycle and early pregnancy in the
mare. Journal of Reproduction and Fertility
Supplement No. 23: 167–169

4. Bowman T 1986 Ultrasonic diagnosis and
management of early twins in the mare.
Proceedings of the 32nd Annual Convention of
the American Association of Equine Practitio-
ners: 35–43

5. Burns S J, Irvine C H G, Amoss M S 1979
Fertility of prostaglandin-induced oestrus
compared to normal post-partum oestrus.
Journal of Reproduction and Fertility Supple-
ment No. 27: 245–250

6. Chevalier-Clement F 1989 Pregnancy loss
in the mare. Animal Reproduction Science 20:
231–244

7. Chevalier F, Palmer E 1982 Ultrasonic

154 0038-2809 Tydskr.S.Afr.vet.Ver. (1998) 69(4): 150–155



echography in the mare. Journal of Repro-
duction and Fertility Supplement No. 32:
423–430

8. Forde D, Keenan L, Wade J, O’Connor M,
Roche J F 1987 Reproductive wastage in the
mare and its relationship to progesterone in
early pregnancy. Journal of Reproduction and
Fertility Supplement No. 35: 493–495

9. Geschwind I I, Dewey R, Hughes J P, Evans
J W, Stabenfeldt G H 1975 Plasma LH levels
in the mare during the oestrous cycle. Jour-
nal of Reproduction and Fertility Supplement
No. 23: 207–212

10. Ginther O J 1984 Ultrasonic evaluation of
the reproductive tract of the mare: the
single embryo. Journal of Equine Veterinary
Science 4: 75–81

11. Ginther O J 1990 Folliculogenesis during
the transitional period and early ovulatory
season in mares. Journal of Reproduction and
Fertility 90: 311–320

12. Ginther O J 1992 Reproductive biology of the
mare (2nd edn). Equiservices, Wisconsin

13. Ginther O J, Bergfelt D R, Leith G S, Scraba S
T 1985 Embryonic loss in mares: incidence
and ultrasonic morphology. Theriogenology
24: 73–86

14. Harvey W R 1997 Users guide for LSML 76 –
Mixed model least squares and maximum likeli-
hood computer program. Ohio State Univer-
sity, Ohio

15. Irwin C F P 1975 Early pregnancy testing
and its relationship to abortion. Journal of
Reproduction and Fertility Supplement No.
23: 485–488

16. MacKay R J C 1982 Infertility in the brood
mare? New Zealand Veterinary Journal 30: 6–8

17. Marlow C H B 1983 The oestrous cycle,
mating practices, conception rates and fetal
losses in Thoroughbreds in the Eastern
Cape Province. MSc thesis, University of
Stellenbosch

18. Merkt H, Gunzel A R 1979 A survey of early
pregnancy losses in West German thor-
oughbred mares. Equine Veterinary Journal
11: 256–258

19. Merkt H, Jungnickel S, Klug E 1982 Reduc-
tion of early twin pregnancy to single

pregnancy in the mare by dietetic means.
Journal of Reproduction and Fertility Supple-
ment No. 32: 451–452

20. Mitchell D, Allen W R 1975 Observations on
reproductive performance in the yearling
mare. Journal of Reproduction and Fertility
Supplement No. 23: 531–536

21. Morgenthal J C, Van Niekerk C H 1984
Twinning, infectious and habitual abor-
tions as related to total plasma proges-
tagens in the Thoroughbred mare.
Proceedings of the 10th International Congress
on Animal Reproduction and Artificial Insemi-
nation, Dublin:

22. Neely D P, Liu I K M, Hillman R B 1983 In
Hughes J P (ed.) Equine reproduction.
Hoffman La Roche, Veterinary Learning
Systems Publishers, USA

23. Osborne V E 1975 Factors influencing
foaling percentages in Australian mares.
Journal of Reproduction and Fertility Supple-
ment No. 23: 477–483

24. Sanderson M W, Allen W R 1987 Reproduc-
tive efficiency of Thoroughbred mares in
the United Kingdom. Proceedings of the 9th
Bain Fallon Memorial Lectures, Sydney: 31–41

25. Simpson D J, Greenwood R E S, Rickets S W,
Rossdale P D, Sanderson M, Allen W R 1982
Use of ultrasound echography for early
diagnosis of single and twin pregnancy in
the mare. Journal of Reproduction and Fertility
Supplement No. 32: 431–439

26. Turner D D, Garcia M C, Ginther O J 1979
Follicular and gonadotrophic changes
throughout the year in pony mares. Ameri-
can Journal of Veterinary Research 40:
1694–1700

27. Van Niekerk C H 1965 The early diagnosis
of pregnancy, the development of the foetal
membranes and nidation in the mare. Jour-
nal of the South African Veterinary Medical
Association 36: 483–488

28. Van Niekerk C H, Morgenthal J C 1982 Fetal
loss and the effect of stress on plasma
progestagen levels in pregnant Thorough-
bred mares. Journal of Reproduction and
Fertility Supplement No. 32: 453–457

29. Van Niekerk F E, Van Niekerk C H 1997 The

effect of dietary protein on reproduction in
the mare. II. Growth of foals, body mass of
mares and serum protein concentration of
mares during the anovulatory, transitional
and pregnant periods. Journal of the South
African Veterinary Association 68: 81–85

30. Van Niekerk F E, Van Niekerk C H 1997 The
effect of dietary protein on reproduction in
the mare. III. Ovarian and uterine changes
during the anovulatory, transitional and
ovulatory periods in the non-pregnant
mare. Journal of the South African Veterinary
Association 68: 86–92

31. Van Niekerk F E, Van Niekerk C H 1997 The
effect of dietary protein on reproduction in
the mare. IV. The serum progestagen, FSH,
LH and melatonin concentrations of
non-pregnant mares during the
anovulatory and transitional periods. Jour-
nal of the South African Veterinary Association
68: 114–120

32. Van Niekerk F E, Van Niekerk C H 1998 The
effect of dietary protein on reproduction in
the mare. VI. Serum progestagen concen-
trations during pregnancy. Journal of the
South African Veterinary Association 69:
143–149

33. Villahoz M D, Squires E L, Voss J L, Shideler
R K 1985 Some observations on early
embryonic death in mares. Theriogenology
23: 915–923

34. Whitmore H L, Wentworth B C, Ginther O J
1973 Circulat ing concentrat ions of
luteinizing hormone during estrous cycle
of mares as determined by radioimmuno-
assay. American Journal of Veterinary Research
34: 631–636

35. Woods G L, Baker C B, Baldwin J L, Ball B A,
Bilinski J, Cooper W L, Ley W B, Mank E C,
Erb H N, 1987 Early pregnancy loss in brood
mares. Journal of Reproduction and Fertility
Supplement No. 35: 455–459

36. Woods G L, Baker C B, Bilinski J 1985 A field
study on early pregnancy loss in standard-
bred and thoroughbred mares. Equine
Veterinary Science 5: 264–267

0038-2809 Jl S.Afr.vet.Ass. (1998) 69(4): 150–155 155


