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Summary. The resumption of ovarian activity after normal calvings was studied in 18
lactating Friesian cows. Since, in 17 cows, first post-partum ovulation occurred without
overt oestrous behaviour being detected, the resultant cycles were called 'ovarian
cycles'. The mean (\m=+-\s.d.) length of the ovarian cycles was 21\m=.\0\m=+-\8\m=.\7days. The
duration of cycles tended to be normal (18\p=n-\24days) or long (\m=ge\25days) when the
ovulatory dominant follicles were identified before Day 10 post partum; they were con-

sistently short (9\m=.\13days) when dominant follicles identified after Day 20 post partum
ovulated. When such follicles were detected between Days 10 and 20 post partum, long,
normal and short ovarian cycles were detected. The number of waves of follicular
growth with associated dominant follicles observed during the ovarian cycles tended to
be related to cycle length; short cycles had 1 dominant follicle, normal cycles predomi-
nantly 2, and long cycles mostly 3 dominant follicles. The mean ( \m=+-\s.d.) duration of 13
oestrous cycles studied was 23\m=.\1\m=+-\2\m=.\1days. Of these cycles, 7 had 3 and 6 had 2
dominant follicles. The oestrous cycles with 3 dominant follicles had a mean ( \m=+-\s.d.)
duration of 24\m=.\0\m=+-\1\m=.\2days and the respective dominant non-ovulatory follicles
reached maximum sizes on Days 8 and 18, respectively; oestrous cycles with 2 domi-
nant follicles were 22\m=.\ \m=+-\2\m=.\6days in duration, and the dominant non-ovulatory
follicle reached maximum size by Day 8. Ovarian follicular development during the
first 45 days of pregnancy was characterized by the growth and regression of successive
dominant follicles, each lasting 10\p=n-\10days. These results show that the first ovarian
cycle was predominantly short when the ovulatory dominant follicle was first detected
after Day 20 post partum.
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Introduction

Although the precise mechanisms that control folliculogenesis in cattle are not understood, it is
clear that there is sequential growth and atresia of follicles during the oestrous cycle. Rajakoski
(1960) suggested that there are 2 waves of follicular growth in heifers, one between Days 1 and 12
and the second between Day 13 and ovulation. Matton et ai (1981), using India ink to monitor
follicular development, reported 3 periods of growth of large follicles during the cycle. Ireland
& Roche (1983), using serial slaughter of heifers between Days 3 and 13 of the cycle, provided
evidence of 2 periods of growth and atresia of large follicles before the development of the ovula¬
tory follicle, one between Days 3 and 7 and the second between Days 7 and 13. Based on measure¬
ments of ovarian venous blood concentrations of oestradiol in heifers, Ireland & Roche (1987)
suggested that there were 3 periods of growth of oestrogen-active follicles during the cycle. By using
'Reprint requests to J. F. Roche.
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ultrasonography to monitor sequential daily growth of individual follicles in the ovaries of heifers,
it was shown that there are 3 periods of growth of different dominant follicles in the majority of the
heifers during the oestrous cycle (Savio et ai, 1988; Sirois & Fortune, 1988). Other work, however,
suggests that it is usual to have 2 periods during the oestrous cycle when large follicles are present in
the ovaries of heifers (Pierson & Ginther, 1987, 1988; Knopfe/ ai, 1989). It is therefore not clear
which factors affect the rate of growth, development and initiation of atresia of follicles.

The time of resumption of follicular development in post-partum dairy cows has been studied
(Savio et ai, 1990a): medium-sized follicles were present by Day 5 after calving and the detection of
a single large dominant follicle was, generally, closely related to the resumption of ovarian cyclicity.
Therefore, the aim of this experiment was to determine the pattern of growth and regression of
dominant follicles in dairy cows during resumption of cyclicity, by daily ultrasound examinations
and concurrent measurement of the concentrations of progesterone and oestradiol in blood. In
addition, follicular dynamics during early pregnancy were studied.

Materials and Methods

Eighteen lactating Friesian cows were checked for oestrus twice daily and their ovaries were scanned daily from 5 days
post partum until they were inseminated. The ultrasound machine and the method of scanning the ovaries and the
parameters of follicle measurement used were the same as described previously (Savio et al, 1988). Simultaneously
with each ultrasound examination, the cows were bled by jugular puncture and the resultant plasma samples were

stored at
—

20°C until they were assayed for progesterone and oestradiol as described by Savio et al (1990a). The
data presented refer to characteristics of growth and regression of dominant follicles after the formation of the first
dominant follicle (Savio et al, 1990a). To plot the progesterone concentrations in the same figures, the data were

centralized around the day of oestrus, and to draw the profiles the 10-day periods before oestrus were used; afterwards
the figures were completed using the number of days necessary to complete the average oestrous cycle, beginning from
Day 1. Differences between follicles (size and day of maximum diameter) in cycles with 3 dominant follicles were

tested using Tukey's Multiple Comparisons Test. Data from cycles with 2 dominant follicles were analysed using a

two-sample / test to compare means (Snedecor & Cochran, 1980).
The data from the pregnant cows were obtained from 3 cows that conceived to AI during the experiment. Their

ovaries were scanned and blood samples were taken daily during the first 45 days of pregnancy.

Results

In 17 of 18 (94%) cows that did not develop cysts, the first post-partum ovulation was not ac¬

companied by detected signs of oestrus; it therefore appears more appropriate to call them ovarian
cycles, and to use the term oestrous cycles when ovulations were accompanied by detectable signs
of oestrus.

First post-partum ovarian cycles
The mean length ( + s.d.) of the first post-partum ovarian cycle was 22-2 + 8-7 days (range 9-36

days). If the cycles are categorized according to the criteria of Hansel & McEntee (1977), then 5
(28%) ovarian cycles were normal, 5 (28%) were short (9-13 days), and 8 (44%) were long
(>25 days). The mean length ( + s.d.) and range of variation of the different types of ovarian cycle
in the present study were: short = 11-2+ 1-8 days (range 9-13), normal = 20-6 + 2-2 days (range
18-24) and long = 300 + 4-5 days (range 25-36). Detection of a dominant follicle before or on

Day 9 after calving which subsequently ovulated resulted in ovarian cycles which were either
normal or long (Table 1). When the ovulatory dominant follicles were detected between Days 10
and 19, the resultant ovarian cycles were mainly long, although 2 short cycles and 1 normal ovarian
cycle were also recorded. However, when the ovulatory dominant follicle was detected after Day 20
post partum, the resultant ovarian cycles were consistently short.

In relation to the number of dominant follicles detected during the first post-partum ovarian
cycle, it can be seen from data in Table 2 that only 1 dominant follicle was detected in all 5 cows
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Table 1. Classification of the ovarian cycles according to
their lengths (short: 9-13 days, normal: 18-24 days, long:
> 25 days) and the number of days after calving at which
the dominant ovulatory follicle was identified in post¬

partum dairy cows

Days post partum
when ovulatory
follicle identified

Type of ovarian cycle
No. of
-cows Short Normal Long

=£9
10-19
>20

that had short first ovarian cycles. Consequently, in all short ovarian cycles the first dominant
follicle was the ovulatory one (Fig. 1). In the 5 cows that had normal ovarian cycles, 4 had 2
dominant follicles (Fig. 2a) and 1 had 3 dominant follicles (Fig. 2b). Regarding the 8 cows that had
long ovarian cycles, 3 had 2 dominant follicles, 4 had 3 and 1 cow had 4 dominant follicles during
the cycle (Fig. 3).

4 6
Day of cycle

Fig. 1. Pattern of growth of the first dominant follicle, which subsequently ovulated, and associ¬
ated concentrations of progesterone and oestradiol in plasma of a post-partum cow with a
short (9-13 days) ovarian cycle. Day 1 of the short cycle is Day 15 post partum.

Oestrous cycles
The mean length (±s.d.) of the oestrous cycles studied was 23-1 + 2T days. In 7 cycles (54%),

3 dominant follicles were identified (Fig. 4b), and in the remaining 6 oestrous cycles (46%) 2
dominant follicles were detected (Fig. 4a).

Oestrous cycles with 3 dominantfollicles. The mean length ( +s.d.) of the cycles with 3 dominant
follicles was 240 + 1-2 days (range 23-26 days). The patterns of growth and regression of domi¬
nant follicles during such oestrous cycles are shown in Fig. 4. The first dominant follicle was

initially identified about Day 4 (range Days 1-6), reached its maximum size (day of maximum
diameter) by Day 8 (range Days 6-11) and was observed until Day 19 (range Days 15-24). The
period between the day of initial detection and the day of maximum size was characterized by a
consistent increase in size between successive examinations. From the day of maximum diameter
to, approximately, Day 14, the mean diameter did not vary; nevertheless, when patterns of develop¬
ment in individual cows were observed, it could be seen that some secondary growth may be
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-D- 1st follicle
 2nd follicle

20-1

10 15
Day of cycle

Fig. 2. Pattern of growth of the dominant follicles where (a) the second or (b) the third follicle
ovulated, and associated concentrations of progesterone and oestradiol of cows with normal
(18-24 days) ovarian cycles. Day 1 of the normal cycle in (a) is Day 10 and in (b) is Day 41 post
partum.

observed around Days 9, 10 or 11 (Fig. 3a). From Day 15 onwards the diameter consistently
decreased until it was no longer detectable at Day 19 on average.

The second dominant follicle was identified, on average, by Day 14 (range 11-16), reached
maximum diameter by Day 18 (range Days 15-21) and then decreased in size steadily during
successive observations until Day 22 (range Days 20-25). The period of regression of the second
dominant follicle was initiated either immediately after the maximum size was reached (in 4 cycles)
or after a short period of stability of 2 or 3 days (in 3 cycles). The third dominant (ovulatory) follicle
was observed from Day 19 (range Days 18-21) and after a period of sustained growth reached
maximum diameter, generally on the day of oestrus.

In relation to other characteristics related to the growth and regression of such dominant fol¬
licles, data in Table 3 show that the day at which each class of dominant follicle reached maximum
size was significantly different among follicles (P < 0-01). The first dominant follicle had a signifi¬
cantly longer duration of detection and duration of atresia (P < 005) as well as slower rate of
atresia (P < 005) compared with the second as described by Savio et al. (1988). Finally, no signifi¬
cant difference (P > 010) was found in the parameters related to growth (growth rate and duration
of growth) and maximum diameter.
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 2nd follicle
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 —'— 
15 20 25

Day of cycle
Fig. 3. Pattern of growth of dominant follicles when (a) the 3rd and (b) the 4th dominant follicle
ovulated associated with progesterone and oestradiol concentrations in post-partum cows with
long (25-36 days) ovarian cycles. Day 1 of the cycle for cow in (a) was Day 28 and in (b) was

Day 11 post partum.

Table 2. Number of dominant follicles detected
according to ovarian cycle length (short: 9-13
days, normal: 18-24 days, long: > 25 days) in post¬

partum dairy cows

No. of
dominant follicles

Length of
ovarian cycles

No. of
cycles

Short
Normal

Long
4 1

—

3 4 1

Oestrous cycles with 2 dominant follicles. The mean length ( + s.d.) of cycles with 2 dominant
follicles was 22-2 + 2-6 days, which was not different (P > 010) from cycles with 3 dominant
follicles. The patterns of growth and regression of dominant follicles during such oestrous cycles
are shown in Fig. 4(a). The first dominant follicle was identified by Day 3 (range Days 2-5), reached
maximum size by Day 8 (range Days 6-12) and, after a period of stability in size (which showed
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Fig. 4. Growth pattern of dominant follicles of post-partum dairy cows with (a) 2 dominant
follicles (N = 6), and (b) 3 dominant follicles (N = 7) during normal oestrous cycles.

Table 3. Mean ( + s.d.) follicular parameters obtained during the oestrous cycle of post-partum dairy
cows, after daily examinations of the ovaries by ultrasound

Growth Duration Duration of Maximum Day of
rate of growth detection diam. maximum

(mm/day) (days) (days) (mm) diam.

Rate of Duration
atresia of atresia

(mm/day) (days)

Cycles with 3 dominant follicles (n = 7)
First 3-8+1-9 51 + 1-9
Second 3-5 +1-9 5-1 ± 2-4
Third 3-4 ±11 5-3 + 1-5

Significance N.S. N.S.

17-1 + 3-5
101 ± 30

17-1 + 2-2
14-4 ± 1-3
16 3 ± 2-2

N.S.

7-9 ± 1-7
18-0 + 2-3
23-7 ± 1-4

1-5 + 0-3
3-5 ± 1-9

12-0 + 3-3
5-0 ± 2-2

Cycles with 2 dominant follicles (n = 6)
First 3-3 + 10 5-7 ± 20
Second 30 + 1-4 7-0 ± 2-8

Significance N.S. N.S.

18-0 + 2-9 17-5 ± 3-6
17-2 ± 1-2

N.S.

7-8 ± 2-5
22-2 ± 2-6

1-5 + 0-6 12-3 + 3-3

N.S. not significant; "means within column significantly different,  < 005; **means within column significantly
different,  < 001.
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periods of secondary growth similar to those reported for the same period in the cycles with 3
dominant follicles) between Days 8 and 15, began to decrease in size and was rarely detectable after
Day 19 (range Days 16-25). The second dominant (ovulatory) follicle was identified by Day 16
(range Days 10-25), and after a period of growth, generally not continuous, reached maximum size
in most cycles on the day of oestrus (Fig. 4a). From data presented in Table 3, it can be seen that no

significant differences were detected in any of the parameters examined with the exception of day of
maximum diameter, which was significantly different between follicles (P <0-01).

Development of dominant follicles during early pregnancy

In the 3 pregnant cows examined, the first dominant follicle after AI and the period of growth
of the second dominant follicle resembled the patterns reported during comparable stages of the
oestrous cycle described above (Fig. 5). However, the rate of regression of the second dominant
follicle appeared slower than that observed during oestrous cycles with 3 dominant follicles. After
that, periods of growth and regression of dominant follicles were observed throughout early preg¬
nancy (Fig. 5). The different dominant follicles detected during early pregnancy showed variable
periods of dominance and, consequently, this resulted in different numbers of dominant follicles
being detected during fixed periods of time. In fact, in 2 cows, 3 dominant follicles were observed
during the first 30 days of pregnancy and another 2 during the following 15 days, while in the
remaining cow, 2 dominant follicles were observed during the first 30 days and another 2 during the
following 15 days of pregnancy. Despite the stated variability between animals, the results suggest
that the majority of the successive periods of dominance during early pregnancy in the cows had a

duration of about 10-12 days each. The patterns of growth and regression of dominant follicles in
an individual cow during the first 45 days of pregnancy are shown in Fig. 5.

-D- 1st follicle
-ß- 2nd follicle
-*- 3rd follicle
-©- 4th follicle

-ß- 5th follicle

 —'— —'— —'— 
20 25 30 35

Day of pregnancy

Fig. 5. The growth pattern of successive dominant follicles associated with concentrations
of progesterone and oestradiol in plasma of post-partum cows during the first 45 days of
pregnancy.
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Concentrations of progesterone and oestradiol

During ovarian and oestrous cycles, blood concentrations of progesterone began to rise about
Day 3 of the cycle and increased to concentrations as high as 8 ng/ml during the luteal phase before
returning to basal levels (<0-5 ng/ml), usually 2-4 days before ovulation. The mean progesterone
concentrations for different ovarian cycle lengths are shown in Fig. 6. It is evident that the mean

daily concentrations are similar during equivalent periods, and that the only difference in pro¬
gesterone concentrations in cycles of different length appear to be related to initiation of luteolysis
at different times after the initiation of the cycles. The patterns of progesterone concentrations in
cycles characterized by 2 or 3 dominant follicles (Fig. 4) showed an initial rising period between
Days 3 and 10, which was followed by a plateau of approximately 7 days duration. Finally, from
Day 17, a 3- or 4-day period of decreasing concentrations occurred until basal values were reached
on Days 20-21 of the cycle. Although the average pattern of progesterone secretion might suggest a

gradual period of increasing, maintenance and decreasing rates of hormonal secretion, the profiles
of progesterone concentrations of individual oestrous cycles of cows indicate that there is individ¬
ual variation between days. In fact, except during the period of luteolysis when the decline is steady,
it is possible to observe 2-3 days of increased secretion during the luteal phases of the oestrous
cycles in the individual animals (Figs 2a & 3). Such periods of increased concentrations of
progesterone were generally observed coincident with growth phases of different dominant follicles.

-D- Short cycles
-*- Normal cycles
 ** Long cycles

15 20 25
Day of cycle

Fig. 6. Mean daily concentrations of progesterone in post-partum cows having short, normal or

long ovarian cycles.

Increases of variable magnitude in circulating oestradiol were consistently detected coincident
with the development of the different dominant follicles (Figs 1-3); nevertheless, the peaks were

generally higher when they corresponded to dominant ovulatory follicles than those observed for
dominant non-ovulatory follicles.

Discussion

The high percentage of cows in which external signs of oestrus were not observed with first post¬
partum ovulation agrees with the data of Zemjanis (1980) who suggested that 'silent' ovulations are

physiologically normal in the post-partum period in cattle.
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The first post-partum ovarian cycles were also characterized by variability in length. Although
the data in this study are not sufficient to support definitive conclusions, they show interesting
trends when lengths of the ovarian cycles are classified according to the day of detection of the first
post-partum dominant ovulatory follicle. When the ovulatory follicles were detected during the
early post-partum period (< 10 days), the resultant ovarian cycles were normal or long; when the
dominant follicles were detected between Days 10 and 20, normal, long and short ovarian cycles
were observed; and finally, the ovarian cycles resulting from dominant follicles detected after Day
20 post partum were all short (Table 1). Although there is no definitive explanation for the
abnormal cycle lengths, the data show that long cycles were more common during the early post¬
partum period. The length of the oestrous cycle depends on the lifespan of the corpus luteum,
and the principal luteolytic factor in cattle is prostaglandin F-2a of endometrial origin (Thatcher
et ai, 1984). This suggests post-partum endometrial deficiencies as a possible cause of extended
luteal function. Considering that restoration of the caruncular endometrium [which in sheep
produces prostaglandin F in vitro at a higher rate than the intercaruncular endometrium (Findlay
et ai, 1981)] occurs in cattle about 25 days after calving (Gier & Marion, 1968), it seems reason¬
able to postulate that a deficiency in the production of prostaglandin F-2a may explain the occur¬
rence of some long ovarian cycles in the early post-partum period. However, the implication
of other components or factors that may affect the function of the luteolytic system cannot be
ignored.

When ovulation is induced by GnRH injection after an anoestrous period in cattle (Troxel &
Kesler, 1984) or sheep (McLeod et ai, 1982), short cycles frequently occur. Normal duration of
ovarian cycles can be achieved by injection of progesterone before the GnRH treatment in sheep
(McLeod et ai, 1982) and cattle (Smith et ai, 1987). Progesterone priming is necessary for normal
oestrogen production and the development of LH receptors in the preovulatory follicles of the ewe

(Hunter et ai, 1986) and cow (Inskeep et ai, 1988), and in the majority of cows in the present study,
when the first dominant follicle ovulated on or before Day 15 post partum, the subsequent ovarian
cycle was of normal or long duration. However, when the first ovulations occurred after Day 20,
this consistently resulted in short ovarian cycles. If progesterone priming of the follicles in the early
post-partum period by the corpus luteum of pregnancy is assumed, it could explain some of the
variation in the length of the cycles and suggest that the duration of the effectiveness of the postu¬
lated progesterone priming from late pregnancy may be effective for the next 15 days after calving.
On the other hand, although the concentrations of progesterone in cows with different ovarian
cycle lengths were similar until Day 8 (Fig. 6), the corpora lutea from the first post-partum ovula¬
tions were reported to be smaller than those of subsequent ovulations (Duby et ai, 1985), and had
reduced ability to support pregnancy (Ramirez-Godinez et ai, 1981). The ovary might therefore be
able, by as yet unknown mechanisms, to identify a defective corpus luteum and eliminate it through
an early activation of the luteolytic system.

The data from this study indicate that 54% of the oestrous cycles monitored in lactating dairy
cows early post partum had 3 dominant follicles, and 2 dominant follicles were observed in the
remaining cycles. These results differ from the pattern of growth and regression of dominant fol¬
licles reported for beef heifers (Savio et ai, 1988; Sirois & Fortune, 1988). In addition, the average
day of maximum diameter of the successive dominant follicles observed in the present study
showed a delay of about 2 days in comparison to the same parameter previously observed in heifers
(Savio et ai, 1988). This might explain why the oestrous cycles of cows were 2-3 days longer than
those in heifers with the same number of dominant follicles. Similarly, this slower rate of growth of
follicles and greater number of cycles with 2 dominant follicles in post-partum cows suggest that
the dynamics of follicular development may be different in post-partum dairy cows and heifers.
This apparently slower growth rate of follicles might also help explain the wider spread in the onset
of oestrus in dairy cows than in heifers following luteolysis induced by prostaglandin F-2a injection
at midcycle (Roche & Ireland, 1984). In heifers, it has been suggested (Savio et ai, 1988) that the
duration of the period of dominance of the first dominant follicle may be the key to determining the
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number of subsequent dominant follicles that are present during each oestrous cycle. In effect,
although the difference in the length of the oestrous cycles with 2 or 3 dominant follicles in the
present study was not significant, the pattern of development and regression of the first dominant
follicle in the cycles with 3 dominant follicles (Fig. 4b) suggests that the beginning of the regression
period may be about Day 14, while in cycles with 2 dominant follicles (Fig. 4a) the mean day of
regression was Day 16. The mean time of regression of the first dominant follicle in both lengths of
oestrous cycles coincided with the mean day of identification of the second dominant follicle. It is
not clear from these data whether the initiation of regression of the dominant follicle allows the
development of a new dominant follicle or whether the appearance of a new dominant follicle
induces regression of the current dominant follicle.

In relation to variations in size of follicles, the analysis of patterns of follicular development in
individual cycles suggests that the increases in size during periods of development (e.g. between the
day of identification and day of maximum size) reflect increasing degrees of follicular maturity, as
was demonstrated with ovulation of the majority of the first dominant follicles after injection of
prostaglandin F-2a on Day 7 of the oestrous cycle (Savio et ai, 1990b). Nevertheless, this obser¬
vation might not be accurate if it is applied to the secondary periods of growth, especially observed
during the period of stability of the first dominant follicle in heifers (Savio et ai, 1988) and again
consistently observed in the present study in cows. In addition, it is not clear why these periods of
growth were generally observed during the days before the identification of a new dominant follicle.
Considering that increases in FSH were reported in cattle during the luteal phase (Schams et ai,
1977; Ireland & Roche, 1983), and that the granulosa layer of atretic follicles of sheep regenerated
in culture, in response to the addition of FSH (Hay et ai, 1979), it is possible that the secondary
periods of growth frequently detected in the first dominant follicle in cattle might be a secondary
effect of increased gonadotrophic stimulus to initiate the development of a new dominant follicle.
Consequently, the ultrasonographic data from heifers and cows could suggest that a prolongation
of function or some kind of a temporary rescue of atretic follicles, as previously reported for mice
(Peters et ai, 1975), might occur around midcycle in cattle, although Hirshfield (1989) suggested
that atresia is difficult to reverse.

The delayed identification of the second dominant follicle in cycles with 2 dominant follicles
means that, in such cycles, the second dominant follicle had a greater chance to respond to the
increased gonadotrophic stimulation resulting from the removal, after luteolysis, of the negative
feedback effect of progesterone on gonadotrophin secretion (Ireland & Roche, 1982). This obser¬
vation might explain the apparently different patterns of growth of the ovulatory follicles,
frequently observed in individual cycles. In fact, the ovulatory follicles in cycles with 3 dominant
follicles generally showed a linear growth pattern, while the ovulatory follicles of cycles with 2
dominant follicles frequently exhibited a slower, more gradual, and sometimes irregular, growth
pattern (Fig. 4a).

This suggestion that the failure of the second dominant follicle to respond correctly to the
gonadotrophic stimulation at the time of luteolysis is the cause for the development of a third
(generally ovulatory) dominant follicle in some cycles in cattle is further substantiated by the
patterns of development of dominant follicles during early pregnancy in cows (Fig. 5). The patterns
of growth and regression of the various dominant follicles, detected during early pregnancy, were

similar, and no accelerated regression of the second dominant follicles, as in the oestrous cycles
with 3 dominant follicles, was detected. In addition, it suggests that the role of follicles in the
mechanism of luteolysis in cattle (Villa-Godoy et ai, 1985) is secondary, and the follicles are
therefore necessary components of the luteolytic system which may be activated by other unknown
components.
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for care of the animals; Mrs M. R. Mattiacci for help in analysing the data; Ms N. Hynes and
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