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Introduction 

Koskinen E., M. Huhtinen and T. Katila: Serum progesterone levels in mares in 
winter and during transitional periods. Acta vet. scand. 1996, 37, 409-414. - Weekly 
blood samples were collected for serum progesterone deterrnmat10n from 68 mares dur
mg the penod from September 1990 to June 1991 A total of78% (53/68) of the mares 
became anoestrous: 88% (15/17) of mares with foals and 75% (38/51) of dry mares 
(p = 0 323). Six mares of the 15 which contmued cyclmg showed persistent corpus lu
teum for 77 days on average (range 42-106 days). Anoestrus began between September 
and February, most frequently m December, and ended m January to June, most fre
quently m March. Mares with foal at foot became anoestrous m 2 separate groups, m 
September and m December Anoestrus ended most frequently m February m foaled 
mares. The mares with foals differed s1gmficantly from the other mares both at onset 
(p = 0.0084) and end (p = 0.0218) ofanoestrus 
However, the effect of the stable was also s1gmficant at onset (p = 0.0386) and end 
(p = 0.0170) of anoestrus. Smee all mares with foals were kept m one stable and dry 
mares m 4 different stables, the effect of stable and possible d1ffenng hghtmg conditions 
cannot be separated from the foal effect. The length of anoestrus was on average 101 
days for lactatmg mares and 95 days for dry mares (p = 0 6691). In foaled mares its 
length was on average 159 days m mares which had entered anoestrus as early as m Sep
tember-October and 62 days m mares entenng anoestrus m December (p = 0 001). The 
effects of breed and age were not s1gmficant many of the parameters 

season; anoestrus. 

The mare is a long-day seasonally polyoestrous 
animal with a period of sexual rest in winter 
called the nonovulatory season or winter anoes
trus (Allen 1985). The incidence of ovulation in 
the northern hemisphere is minimal or absent 
during winter, increases during spring, is maxi
mal during summer and decreases in autumn 
(Ginther 1974, Wesson & Ginther 1981, Allen 
1985). In the southern hemisphere, the annual 
distribution of ovulations is similar across the 
seasons (Osborne 1966, van Niekerk 1967, 
Dowsett et al. 1993). Mares also show a sea-

sonal reproductive pattern near the equator, al
though the maximum variation in photoperiod 
throughout the year is only 2 h (Sa/tie/ et al. 
1982). The most northern or cold climate stud
ies on cyclicity of the mare come from Finland, 
latitude 61°N (Koskinen & Kati/a 1991) and 
from Iceland, latitude 63°N (Dyrmundsson 
1993). 
The earliest reports on the incidence of ovula
tion were slaughter-house studies based on the 
findingofcorporalutea(CL) (Arthur 1958, Os
borne 1966, Wesson & Ginther 1981). Teasing 
and rectal palpation have been other means to 
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study cyclicity (Ginther 1974). In free-ranging 
ponies and horses, start of ovarian activity has 
been determined from the birth dates of foals 
(Keiper & Houpt 1984, Dyrmundsson 1993). 
Lately, serum progesterone determination 
(Koskinen & Kati/a 1991) and ultrasonography 
(King et al. 1993) have become the most com
monly used methods in studying ovarian func
tion. 
Not all mares have inactive ovaries in winter. 
Some 10% to 15% cycle throughout the year 
and a similar proportion of mares exhibit spon
taneous prolongation of CL (Allen 1985, King 
et al. 1993). The vernal transition in spring has 
been an area of active research, but very little 
research has been done on the transition from 
the ovulatory season to the anovulatory season, 
apparently because no breeding activity takes 
place during this time. In the first study pub
lished (Ginther 1974), the last ovulations of the 
season occurred at the earliest in August and 
latest in December. The majority of these pony 
mares in Wisconsin were anoestrous in Novem
ber. Snyder et al. (1979) showed that failure of 
ovulation at the onset of the anovulatory season 
was due to the absence of an adequate ovulatory 
LH surge and final growth of a preovulatory 
follicle. In Illinois, USA, (latitude 40°N), mares 
start to enter anoestrus in November and peak 
numbers occur in January (King et al. 1993). In 
autumnal cycles, the follicular phase is short
ened, follicular size is increased, and oestradiol 
production by the follicles diminishes relative 
to follicular size (Weedman et al. 1993). 
We have previously studied seasonal effects on 
ovarian function of mares in Finland: onset of 
luteal activity in spring (Koskinen & Kati/a 
1991), the time of first post-partum ovulation 
(Koskinen 1991) and the effect of artificial light 
(Koskinen et al. 1991). The purpose of this 
study was to examine the period of vernal tran
sition in autumn in the northern climate of Fin
land. 
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Materials and methods 
The study was carried out at the Equine Re
search Station in southern Finland, latitude 
61°N, from September 1990 to June 1991. The 
day length there is > 18 h in mid-summer and 
<6 h in mid-winter. 
The mares were American Standardbreds 
(n = 8), warm-blood riding horses (n = 20) and 
Finnhorses (n = 40), altogether 68 mares, of 
which 17 were lactating and 51 dry mares, av
erage age 7.0 ± 3.5 years (range 2-16). The 
mares were kept in individual boxes in 4 
stables: 22 mares in the brood mare stable and 
17, 17, and 12 mares in the other 3 stables, 
which were for animals in training. The mares 
either were trained daily or had paddock exer
cise for 2 to 4 h. The lights were on in all stables 
during the daily activities, from 6 to 6:30 a.m. 
until 6 to 6:30 p.m. In the training stables, the 
lights were sometimes on until 10 p.m. 
Weekly blood samples were collected from the 
jugular vein. Progesterone was determined in 
serum samples by direct RIA (Spectria* Pro
gesterone [125I] Radioimmunoassay, Orion Di
agnostica, Finland). A progesterone concentra
tion of> 10 nmol/l (Koskinen et al. 1990) was 
considered an indication of luteal activity. All 
mares were cycling at the beginning of the 
study, as shown by their progesterone concen
tration of> 10 nmol/l in the first, second or third 
weekly blood sample. If a concentration of> 10 
nmol/l was recorded in at least 4 subsequent 
samples, it was considered prolonged luteal 
function. When the progesterone concentration 
was <l 0 nmol/l in at least 4 subsequent sam
ples, a period of anoestrus was recorded. One 
mare had no progesterone rise during the entire 
follow-up period after a period of ovarian inac
tivity in winter. However, because she was in 
oestrus and conceived in June, her rise in pro
gesterone was recorded for the month of June. 
Statistical analysis of the frequencies was per
formed with the Chi-square test. Analysis of 
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Figure 1. The onset of ovarian winter inactivity m mares with a foal at foot and in dry mares. 

variance was used to determine the significance 
of difference in the onset, end and length of the 
low progesterone phase. Independent variables 
were lactation status (lactating vs nonlactating), 
breed (Finnhorse vs non-Finnhorse), age 
years vs > 7 years) and the stable (brood-mare
stable vs non-brood-mare-stable) where the 
mare was kept. 

Results 
Anoestrus occurred in 78% (53/68) of mares: in 
88% (l 5/17) of the mares with foals and in 75% 
(38/51) of the nonfoaling mares (p = 0.323). 
Cyclical progesterone secretion throughout the 
winter was demonstrated in 22% (15/68) of the 
mares, and 6 of these 15 showed in addition 
prolonged luteal function which lasted, on aver
age, 77 days (range 42-106). One mare had 2 
such periods. In 2 mares, concentrations of pro
gesterone during dioestrus dropped for two 
months to a 50% lower level. 

Anoestrus began between September and Feb
ruary, most frequently in December (Fig. 1 ). 
Mares with foal at foot entered anoestrus in 
2 separate groups, in September-October and 
in December. The effect of lactation/foal on 
time of onset was statistically significant 
(p = 0.0084), but the effect of stable was also 
significant (p = 0.0386). All mares with foals 
were housed in the same brood-mare stable. 
Anoestrus ended between January and June, 
most frequently in February in foaled mares 
and in March in dry mares (Fig. 2). The effect 
of lactation/foal was statistically significant 
(p = 0.0218), but the effect of stable was also 
significant (p = 0.0170). Length of anoestrus 
ranged from 28 to 176 days, on average, 101 
days in lactating mares and 95 days in dry 
mares (p = 0.6691 ). The effect of stable was not 
significant (p = 0.9620). In foaled mares the 
length of anoestrus was 159 days (range 133-
176) in mares which had already entered anoes
trus in September-October and 62 days (range 
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Figure 2. The end of ovanan winter mactiv1ty m mares which had foaled the previous year and in nonfoaling 
mares. 

33-91) in mares which had entered anoestrus in 
December (p = 0.001). 
The effects of breed and age of the mares on 
time of onset (p = 0.4501 and 0.2027, resp.), 
end (p = 0.5492 and 0.4151, resp.), and length 
(p = 0.4501 and 0.2027, resp.) of anoestrus 
were not statistically significant. 

Discussion 
In slaughtered pony mares, the lowest inci
dences of corpora lutea were found in January 
(9%), February (11%), March (13%), April 
(17%) and December (25%) (Wesson & 
Ginther 1981). In Ginther's (1974) study on 
pony mares, all mares were acyclic in January, 
February and March, 1 of 14 (7%) ovulated in 
April and in December. Of 18 light horse 
mares, 2 ( 11 % ) continued to cycle throughout 
the winter (King et al. 1993). This figure is sim
ilar to that of our study: 12% of the mares with 
foals continued to cycle. Palmer & Driancourt 
(1983) observed winter anoestrus in all mares 
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that had foaled in summer (n = 13), whereas 
only 3 of 10 maiden or barren mares entered 
anoestrus. We have previously shown that rac
ing mares or mares in training continue to cycle 
more often than brood mares ( 40% vs 0%) 
(Koskinen & Kati/a 1991). Palmer (1978) has 
stated that pony mares more often exhibit 
anoestrus than do horse mares. In our study, al
though one might have expected that the more 
primitive Finnhorse breed would have longer 
lasting ovarian inactivity, there were no inter
breed differences. In a previous report (Kos
kinen & Kati/a 1991), Finnhorses started to 
cycle later than the warmbloods. 
It has been mentioned that the variation among 
mares in the day of termination of their breed
ing season tends to be greater than the variation 
in day of onset (Ginther 1974, Sharp & Davis 
1993), but this was not verified in the present 
study. The onset of anoestrus as well as the on
set of cyclical activity showed considerable 
variation among the mares, both events being 
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distributed over a 6 month period. King et al. 
( 1993) concluded that an oestrus is achieved 
later than previously reported. We were also 
surprised that the majority of our mares were 
still cycling in November and the last ones be
came anoestrous as late as in January. 
In our study some lactating mares entered 
anoestrus markedly earlier than did other lactat
ing mares or dry mares. Nutritional balance 
may be one explanatory factor for this differ
ence; this needs further research. Although the 
mares with foals seemed to differ from the 
other mares in the onset of anoestrus, this could 
not be differentiated from the effect of stabling, 
because all mares with foals were housed in one 
stable. The daily activities - and consequently 
the time when the stables were artificially 
lighted - did not continue in the brood mare 
stable as late as in the stables for mares in train
ing. 
Ovarian activity started earlier in spring in the 
mares with previously weaned foals. It is not 
clear wether their earlier onset of ovarian inac
tivity had an effect on this timing. Another ex
planation could be the different lighting condi
tions in autumn: lactating mares were exposed 
to short days in autumn. It is possible that lights 
were on in the training stables for too long. It 
has been shown that the mare needs a period of 
short days in autumn to become sensitive to 
light stimulation in spring (Guillaume et al. 
1995). 
It has been thought that 10-15% of mares re
main in prolonged dioestrus throughout the 
winter due to persistence of luteal tissue from 
the ovulation in the preceding autumn (Allen 
1985). King et al. (1993) pointed out that luteal 
function is altered during winter; in their study, 
3 mares experienced persistent CL followed by 
anoestrus, and they had additional cases of pro
longed CL which were followed by one or 2 cy
cles of normal length prior to entry into anoes
trus. In our study, 6 mares exhibited persistent 

CL for variable lengths of time (from 42 to 106 
days), and this began at random during the en
tire examination period. 
The results reported here indicate that breeding 
is often possible late in autumn; lactating mares 
can, however, start anoestrus soon after sum
mer. The anoestrous state during winter is 
mainly due to ovarian inactivity, but in some 
mares it is due to prolonged luteal function. As 
compared to the previously published literature 
on anoestrus, our results did not differ greatly, 
perhaps indicating that breed and latitude do 
not have a very marked effect. The findings of 
these kinds of studies are, however, difficult to 
interpret or compare, since the management of 
mares, lighting, exercise, feeding and previous 
reproductive history may affect the study out
come. 
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Sammanfattning 
Progesteronkoncentratwnen i blodserum hos ston 
som indikotor pd vinteranostrus bOrjan och slut. 

Progesteronkoncentrationen i blodserum uppmiittes 
en gang per vecka under perioden september-juni hos 
68 ston. Av samtliga ston intriidde 78 % (53/68) i 
aniistrus: 88 % (15/17) av stona som hade fcil vid s1-
dan och 75 % (38/51) av icke lakterande (p = 0.323). 
Sex av 15 ston, som inte g1ck in i vinteraniistrus, hade 
en pers1sterande corpus luteum under i genomsnitt 77 
dagar (variation 42-106 d). Aniistrus pabiirjade under 
perioden september-februan, oftast i december och 
upphiirde mellanJanuari ochjun1, oftast i mars. Fiils
ton inledde sin aniistrusperiod antingen i september 
eller i december. Aniistrus avslutades oftast i februan 
hos ston som folat. Gruppen folston skilde s1g signi
fikant frAn iivriga ston bade betriiffande inledning 
och avslutning av aniistrus (p = 0.0084 och 0.0218). 
Emellert1d visade sig effekten av stallet vara signifi
kant (p = 0.0386 respekt1ve 0.0170). Eftersom fcils
tona hiills i ett stall och iivnga ston var fordelade pa 
4 olika stall kunde effekten av stall och miiJligtvis 
olika ljusforhallanden inte skiljas frAn effekten av fol 
vid sidan. Aniistrus varade 1 medeltal 101 dagar hos 
digivande ston och 195 dagar hos ston slutat laktera. 
Hos f6lston som intriitt i aniistrus i september-octo
ber varade aniistrus i genomsnitt 159 dagar och hos 
ston som intriitt i aniistrus 1 december 62 dagar. Sto
nas ras och alder hade ingen signifikant effekt pa de 
analyserade parametrarna. 
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