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Four male pygmy goats were used in a study designed
to determine the effects of season on serum hormone
(luteinizing hormone, follicle stimulating hormone,
prolactin, testosterone, and cortisol) levels, testis size
and libido, and the effects of mating on serum hormone
profiles. Seasonal peaks were observed for prolactin in
July, luteinizing hormone and follicle stimulating hor-
mone in September, and testosterone in October. Lu-
teinizing hormone peak frequency was greatest in Sep-
tember and was increased by mating activity in the
months immediately preceding the breeding season.
Scrotal circumference did not vary with season and li-
bido showed no consistent seasonal pattern. Mating ap-
peared to raise all hormone levels except during the
months when these hormones were seasonally ele-
vated. When episodic releases of luteinizing hormone
occurred, they were associated with subsequent rises
in serum testosterone levels. On some mating days,
when episodic releases of luteinizing hormone were
absent, changes in testosterone levels were highly cor-
related with changes in cortisol levels. It was concluded
that both season and mating influence reproductive
hormone levels in male pygmy goats.
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The serum levels of hormones associated with
reproduction, including luteinizing hormone (LH),
follicle stimulating hormone (FSH), prolactin
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(PRL), and testosterone, vary with season in male
sheep (Sanford et al, 1974a, 1976, 1978; Lincoln
and Short, 1980), deer (Mirarchi et al, 1978; Schulte
et al, 1981; Bubenik et al, 1982) and goats (Muduuli
et al, 1979). Of these species, the goat has been
studied the least. The only comprehensive study
of seasonal changes in levels and secretion pat-
terns of multiple hormones in male goats was done
by Muduuli et al (1979) in the pygmy goat. Because
the animals were not mature at the initiation of
that study, additional data on more mature ani-
mals is desirable.

When rams are allowed to mate with estrous
ewes and achieve multiple ejaculations, elevations
in serum levels of LH, testosterone, and some-
times FSH have been noted (Sanford et al, 1974b,
1976, 1977; Moore et al, 1978; Yarney and Sanford,
1983). The stimulatory effect of mating on hor-
mone levels in rams occurs at times of the year
other than the peak of the breeding season and
declines with prolonged periods of sexual activity
(Sanford et al, 1974b, 1976, 1977).

The following study was designed to re-examine
the effect of season and to determine the effect of
mating activity on: 1) serum levels of LH, FSH,
PRL, testosterone and cortisol, and 2) secretory
patterns of selected hormones in male pygmy
goats.

Materials and Methods
Animals and Treatment

Four male pygmy goats, 3 to 4 years of age, were
housed as a group in a heated barn (temperature varied
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from 5 C in winter to 25 C in summer). Numerous win-
dows in the barn allowed the animals to experience
normal seasonal changes in photoperiod. Artificial
lighting was normally used only during working hours
(0800-1700 hours).

During the first week of each of 13 consecutive
months, the animals were bled at 20-minute intervals
for 6 hours (control day). During the next week, the
animals were subjected to the same bleeding schedule
while penned with estrous does (mating day). On
mating days, two of the bucks were removed from the
group pen and placed in adjacent pens in a separate area
of the barn. Each pen contained an ovariectomized doe
that had been treated with i.m. injections of steroids in
oil (10 mg progesterone on days —7 and —5, 5 mg pro-
gesterone on day —3 and 225 pg estradiol-178 on day
—1). At the end of the first day, each doe received 150
ng estradiol-17B to maintain estrus through the next day
when the other two bucks were bled. On each mating
day, the does were switched after the first 3 hours to
provide additional sexual incentive for the bucks. The
number of matings (mounts culminating in ejaculation)
for the 6-hour period was recorded for each animal.

During the third week of each month, the animals
were tranquilized using 1 ml Atravet (Ayerst, Montreal)
injected i.m., and the scrotal circumferences were mea-
sured. All measurements were made by the same
person.

The jugular blood samples, collected during the first
and second weeks of each month, were obtained by ve-
nipuncture using 5-ml vacutainers. Samples were kept
on ice and then refrigerated until serum was obtained
by centrifugation. Serum pools representing the 6-hour
collection period for each buck were prepared by com-
bining equal volumes of serum from each sample. Pools
and individual samples were frozen at —20 C until as-
sayed for LH, FSH, PRL, testosterone, and cortisol.

Hormone Assays

Serum levels of LH, FSH, and PRL were determined
by double antibody radioimmunoassays. When indi-
vidual samples were assayed (LH only), all the samples
collected from a single goat during the study were as-
sayed together. Pools for all animals were assayed for
each hormone in single assays.

Luteinizing hormone was measured by the method of
Niswender et al (1969). The antibody (GDN #15) was
used at an initial dilution of 1:100,000. LH values are
expressed in terms of NIH-LH-514. The sensitivity of the
assay (95% B/Bo) was 0.1 ng/ml. The intraassay coeffi-
cient of variation for a pooled serum standard with a
mean concentration of 1.5 ng/ml was 5.9%. This ovine
LH assay has been used previously by this laboratory
(Muduuli et al, 1979) and by Bon Durant et al (1981) for
the quantitation of LH in goat serum or plasma.

Serum FSH concentrations were measured using the
method of Cheng et al (1981). The values are expressed
in terms of NIH-FSH-S12. The sensitivity (95% B/Bo) was
5 ng/ml. The intraassay coefficient of variation for du-
plicate samples with concentrations ranging from 38 to
42 ng/ml (mean = 40 ng/ml; n = 16) was 11.4%.

Serum PRL concentrations were determined as de-
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scribed by Sanford et al (1978), except that a different
rabbit anti-ovine PRL serum was employed. There was
no measurable cross reactivity with LH, FSH or TSH in
the assay, but a 1% cross reaction with ovine growth
hormone was observed. The antibody was used at an
initial dilution of 1:60,000. Prolactin values are expressed
in terms of NIH-PRL-512. The sensitivity of the single
assay performed (95% B/Bo) was 1 ng/ml. The intraassay
coefficient of variation for duplicate samples ranging in
concentration from 30 to 35 ng/ml (mean = 32.3 ng/ml;
n = 12) was 6.9%.

The assays for FSH and prolactin were considered ac-
ceptable for estimating the levels of these hormones in
goat serum since parallelism of serum curves and ovine
standard curves were demonstrated and ovine hormone
added to goat serum was recovered quantitatively.

Serum testosterone was determined as described by
Yarney and Sanford (1983). The assay sensitivity (95%
B/Bo) was 0.4 to 1.0 ng/ml. The cross-reactivity with cor-
tisol in this assay was 0.1%. The intraassay coefficient
of variation for a pooled serum sample with a mean
concentration of 5.5 ng/ml was 4.6%.

The radioimmunoassay procedure for cortisol em-
ployed an antibody provided by Dr. N. C. Rawlings,
University of Saskatchewan, Saskatoon, Canada. Infor-
mation provided with the antibody indicated cross reac-
tions of <1% with dehydroepiandrosterone, pregneno-
lone, testosterone, estradiol-17a, estradiol-17B, and cho-
lesterol. The cross reaction with progesterone was 10%.
This was not considered a problem when assaying
serum from males. The antibody was used at an initial
dilution of 1:750.

Serum samples (0.2 ml) or standards (0.2 ml) in phos-
phate-buffered saline (PBS) containing 0.1% gelatin
were added to 12 X 75-mm glass tubes. Charcoal-
stripped sheep serum (0.2 ml) was added to the tubes
containing standards, and an equal volume of PBS was
added to all unknown tubes. One milliliter of ethanol
was added to each tube; the tubes were vortexed and
then centrifuged for 10 minutes at room temperature.
The supernatant was decanted into another 12 x 75-
mm tube and evaporated to dryness under a stream of
nitrogen in a 40 C water bath. The residue was dissolved
in 1.2 ml PBS and duplicate 0.5 ml aliquots were trans-
ferred to a 12 X 75-mm tube. Antibody (0.1 ml) and
hydrocortisone-1,2,6,7-*H (New England Nuclear Cor-
poration, Boston, MA) (0.1 ml, 30,000 cpm) were added.
After vortexing, the tubes were incubated overnight at
4 C. Separation of free from bound hormone was
achieved using dextran-coated charcoal as described for
the testosterone method (Yarney and Sanford, 1983), ex-
cept that the incubation period after addition of the char-
coal was reduced to 10 minutes.

The sensitivity of the assay (95% B/Bo) was < 2 ng/ml.
The intraassay coefficient of variation for a pooled serum
sample with a mean concentration of 15.8 ng/ml was
5.5%. :

Statistics

The effects of mating and month of the year on hor-
mone concentrations in serum pools and on frequency
of LH peaks were determined by analysis of variance.



No. 2

LH peaks were arbitrarily defined as any rise of 2 ng/ml
or more followed by at least one declining value. Values
for LH peak frequency were transformed to Vx + 2 for
analysis. Differences between months for number of
matings and scrotal circumference were determined by
the Student-Newman-Keuls’ test. Simple correlations
between cortisol and testosterone concentrations were
calculated for all goats on mating days in January and
March.

Results

Mating Performance, Testicular Size, and
Testosterone Levels

Data for scrotal circumference, number of mat-
ings/6 hours and serum testosterone concentration
are shown in Fig. 1. Sex drive as measured by
number of matings/6 hours did not change signif-
icantly from June through January. However, per-
formance in February was lower (P < 0.05) than
that observed in the previous June or November.
During the last 2 months of the study, sex drive
was reduced (May was lower than the previous
June and the final month was lower than the pre-
vious June, October or November (P < 0.05)). Al-
though scrotal circumference did not vary signifi-
cantly over the year, serum testosterone levels
were elevated during the fall months (month, P <
0.01). Testosterone levels on mating days were
higher than on control days (mating, P < 0.01).
The mating-induced elevations in testosterone
levels appeared to be restricted to the months be-
fore and after the seasonal rise in serum testos-
terone, although the interaction of mating with
month was not significant,

Serum Levels of LH, FSH, PRL, and Cortisol

The serum levels of LH, FSH, and PRL varied
(P < 0.01) with season and were elevated (P <
0.01) on mating days (Fig. 2). The effect of mating
on serum levels of LH was noted before the sea-
sonal peak in September and again after the return
to seasonal low levels in mid-winter (mating X
month, P < 0.01). The serum levels of FSH tended
to follow the same pattern, but the interaction was
not significant. Prolactin levels appeared to be ele-
vated by mating except in May and in July, when
the seasonal peak for this hormone was observed
(mating X month, P < 0.01). The most marked
effects of mating were noted in October and No-
vember.

Serum cortisol levels were elevated by mating (P
< 0.01) and varied with season (month, P < 0.05).
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Fig. 1. Serum testosterone concentrations on control and
mating days, scrotal circumference and number of matings/6
hours in male pygmy goats during 13 consecutive months.
Values are means + SE (n = 4). Standard errors not shown
were too small to present graphically.

The highest monthly values were noted at the be-
ginning and end of the study in the month of June.
During the first June, mating markedly elevated
cortisol, while a year later control-day values were

elevated (mating X month, P < 0.01).

LH Secretion Pattern

The results of assaying individual serum sam-
ples for LH revealed that LH concentrations were
low (near or below the sensitivity of the assay) for
most animals during the winter and spring
months. Although, in some animals, mating ap-
peared to elevate LH, this generally appeared to
be due to a slight rise in baseline values with no
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Fig. 2. Serum concentrations of LH, FSH, cortisol, and PRL in male pygmy goats on control (O——oO0) and mating (O- — -O) days
during 13 consecutive months. Values represent means + SE. Standard errors not shown were too small to present graphically.

episodic releases of LH being evident during the
6 hours of sampling. During the summer, when
mating produced large elevations in LH levels, the
pattern of secretion was characterized by large ep-
isodic releases of hormone. In some cases, several
episodic releases appeared to have occurred in
rapid succession, resulting in partial fusion of the

individual peaks, and consequently the apparent
baseline was markedly elevated. Figure 3 shows
data from one animal during 4 months of the year
and illustrates some of the secretion patterns men-
tioned. Additional examples of LH secretion pat-
terns are shown in Fig. 4.

Because baseline values were sometimes unde-
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tectable and in other instances could not be de-
fined because of fusion of peaks, mean levels,
baseline levels, and peak amplitude were not
quantitated; peak frequency, however (the
number of LH peaks/6 hours), was determined.
Peak frequency and the number of animals
showing LH peaks for control and mating days for
each month are shown in Table 1. Peak frequency
showed a seasonal pattern (month, P < 0.01) and
was increased by mating (mating, P < 0.05). The
mating effect varied with month (mating X
month, P < 0.01) and was most obvious during
June and July.

Relationship between LH, Testosterone, and Cortisol

Individual samples from two goats were assayed
for testosterone and cortisol in addition to LH
during the months of July (when mating markedly
affects all 3 hormones), September (the month
when LH and testosterone are both elevated), and
January (when both LH and testosterone are ap-
proaching a seasonal low). Data from one animal
was chosen to demonstrate secretion patterns of
the three hormones in each of these months (Fig.
4). Both LH and testosterone were relatively low
on control days in July and January. Cortisol levels
fluctuated over the 6-hour periods. There were no
obvious relationships among the levels of the three
hormones. In September on the control day, four
complete episodic releases of LH were observed

and each was followed 20 to 40 minutes later by a
rise in testosterone concentration. The secretion
patterns for cortisol appeared to be independent
of changes in LH or T. On mating days in July and
September, LH-induced testosterone peaks were
observed again. Although cortisol levels were ele-
vated as a result of mating activity and fluctuated
markedly, the pattern of secretion again appeared
to be independent of the other two hormones. On
the mating day in January, in spite of no measur-
able changes in LH over the 6-hour period, testos-
terone levels in goat 2 showed four peaks, and
each was clearly associated with a simultaneous
peak in cortisol. A similar observation was made
on goat 3 (data not shown).

Because of the observation that testosterone and
cortisol levels varied synchronously, testosterone
and cortisol were determined on the mating days
for the remaining goats in January, and for all four
animals in March. The correlations between the
two hormones are presented in Table 2. In Jan-
uary, cortisol and testosterone levels were signifi-
cantly correlated (P < 0.01) in all animals. In
March, the hormonal relationship remained in
only two animals.

Discussion

In contrast to the ram, where seasonal (Barenton
and Pelletier, 1983) and light-induced (Lincoln and
Short, 1980; Howles et al, 1982) changes in testis
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Fig. 4. Serum concentrations of cortisol (O), LH (@), and
testosterone (A) for individual goats sampled every 20 minutes
for 6 hours on control and mating days in July, September, and
January.
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size occur, the testis size in the the male pygmy
goat appears to be relatively unaffected by season.
The goats in the study also showed no obvious
seasonal pattern in libido. Although Sanford et al
(1977) reported increased mating performance as
the breeding season advanced, other work
(Dickson, 1981) indicates a lack of seasonal differ-
ences in sex drive. Perhaps in goats, as well as
sheep, relatively low testosterone levels are re-
quired to bring about complete mating activity
(D’Occhio and Brooks, 1982).

In spite of the existence of libido and the main-
tenance of testicular size throughout the year, the
marked seasonal endocrine changes observed in
these goats are clearly indicative of a seasonal
breeder. In general, the seasonal changes in cir-
culating levels of FSH, PRL, and testosterone are
consistent with those observed in rams (Ravault,
1976; Dickson, 1981; Howland et al, 1983) and deer
(Mirachi et al, 1978; Bubenik et al, 1982). With the
exception of the late spring elevations in serum
FSH and LH reported by Muduuli et al (1979), the
present data agree with the seasonal changes pre-
viously reported for younger male pygmy goats.

The seasonal rise in LH levels observed in the
present study occurred in September, somewhat
later than the timing of this event in rams (Sanford
et al, 1974a; Dickson, 1981; Howland et al, 1983).
The observation that the seasonal rise in LH
peaked when testosterone levels were ap-
proaching a maximum, coupled with the finding
that testis size did not vary significantly with

TABLE 1. Mean Number of LH Peaks/6 Hours on Control
and Mated Days.in Four Pygmy Goat Bucks

Throughout the Year
Treatment
Month Control Mated
June 0o (0) 3.25 (4)
July 0 (0 3.00 (4)
August 1.75 (4) 3.50 (4)
September 4.00 (4) 2.00 (3)
October 3.25 (3) 1.25 (2)
November 0.50 (1) 0 (0)
December 0 (0 0 (0
January 0 (0 0 (0
February 0 (0 0.25 (1)
March 0 (0 0.75 (1)
April 0 (0) 1.00 (2)
May 0 (0 0.25 (1)
June 0.25 (1) 1.75 (3)

* Figures in brackets indicate the number of animals
showing LH pulses.
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TABLE 2. Correlation between Serum Concentrations of
Cortisol and Testosterone on Mating Days
in January and March

Correlation Coefficient

Goat No. January March
1 0.80* 0.70*
2 0.89* 0.45+
3 0.80* 0.19
4 0.71* 0.19
*P < 0.01.
t+ P < 0.05.

season, suggests that some aspects of the mecha-
nism of seasonal changes in endocrine function of
the testis may differ in sheep and goats. In rams,
peak LH levels are associated with increases in tes-
ticular LH receptor concentration which, in com-
bination with elevated LH levels, may explain in
part the subsequent increase in testosterone syn-
thetic activity by the testis (Barenton and Pelletier,
1983). In the pygmy goat, the time lag between the
LH rise and the subsequent events leading to
greater testosterone output by the testes appears
to be abbreviated.

Considering the seasonal pattern of hormone se-
cretion in the male pygmy goat, it might be ex-
pected that the peak of the breeding season for this
breed of goat would coincide with, or inmediately
follow, the autumnal peak in testicular endocrine
function. Although testosterone levels varied
greatly with season, the male libido did not appear
to be profoundly influenced. Surprisingly, obser-
vations on does maintained in the same barn re-
vealed that estrous cycles did not begin until No-
vember and continued through late May (Kakusya
et al, 1982); the relatively late and prolonged
breeding season of the pygmy goat is not consis-
tent with the limited period of high testosterone
concentration in the males.

There was no obvious seasonal pattern in serum
cortisol levels. This is consistent with observations
made in white-tailed deer (Bubenik et al, 1975).
The reason for the marked rise in control-day cor-
tisol levels in May and June is not known. This
was associated with a decline in libido and a lack
of a mating effect on cortisol levels. The data sug-
gest that some other factor(s) that were unrelated
to the study were stressing the animals during the
final months.

Mating and/or aggressive behavior associated
with mating days had a profound effect on each
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of the hormones studied, except during periods
when they were already seasonally elevated. This
agrees with and extends the available data on
rams, which indicate that LH and testosterone can
be elevated by periods of intensive sexual activity
(Sanford et al, 1974b; Moore et al, 1978; Yarney and
Sanford, 1983). The increase in LH peak frequency
on mating days during the summer months
preceding the fall breeding season is similar to re-
sults observed in rams (Sanford et al, 1974b;
Yarney and Sanford, 1983). Although mating in-
creased FSH levels in January (Sanford et al, 1976),
other observations between July and December re-
vealed no significant effect of mating on this hor-
mone (Sanford et al, 1977; Yarney and Sanford,
1983). Yarney and Sanford (1983) also reported no
significant effect of mating on serum prolactin
during July or October; in October, however,
mounting without intromission significantly ele-
vated prolactin levels.

In the present study, we cannot distinguish be-
tween the effects of sexual activity and the gen-
erally aggressive behavior and fighting that pre-
vailed on mating days. Since the animals were
placed in adjacent pens for ease of observation and
bleeding, they had the opportunity to stand
against the dividing fence and attempt to fight.
Although no quantitative data was collected, it ap-
peared that the bucks spent considerably more
time engaging in aggressive activity than in any
form of sexual activity. Although this behavior,
and the presumed stress associated with it, prob-
ably is normal for goats and other seasonally
breeding ungulates that attempt to gather and
guard harems during the breeding season, it com-
plicates the interpretation of the endocrine
changes associated with mating. It is possible that
the elevations in cortisol and prolactin noted on
mating days were largely stress effects. Sexual ac-
tivity also results in elevated cortisol levels in boars
(Liptrap and Raeside, 1978) and stallions (Ta-
manini et al, 1983).

The observation of a relationship between cor-
tisol and testosterone is intriguing but difficult to
explain. Although LH-induced rises in testos-
terone were clearly evident when LH levels were
measurable and episodic releases of LH occurred,
the marked changes in testosterone on mating
days in January were not related to any measur-
able changes in LH, but clearly were associated
with coincidental changes in cortisol. Although
there is no obvious explanation for this hormonal
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relationship, it may provide a mechanism of ele-
vating testosterone during periods of mating or
aggression in the absence of the appropriate hy-
pothalamic-pituitary response; perhaps, at other
times of the year, changes in LH occur in response
to mating-related stimuli.

In the boar, testosterone levels are elevated
during either sexual or aggressive behavior, and
this is correlated with an elevation in corticoste-
roids (Liptrap and Raeside, 1978). In this species,
injected cortisol also elicits a rise in testosterone
(Liptrap and Raeside, 1975). In bulls, however,
stress-induced elevations in cortisol are associated
with reduced testosterone secretion, and this effect
may be due to direct suppression of Leydig cell
steroidogenesis (Welsh and Johnson, 1981; Welsh
et al, 1982). The possible relationships between
glucocorticoids and testosterone in rams and males
of other species during mating periods and the
likelihood of species differences makes this
problem worthy of additional study.

Acknowledgments

Radioimmunoassay materials were kindly supplied by Drs.
K. W. Cheng and H. G. Friesen, University of Manitoba, Dr.
G. D. Niswender, Colorado State University, Dr. N. C. Rawl-
ings, University of Saskatchewan and the Endocrine Study Sec-
tion, NIH. The technical assistance of Ms. H. Del Rizzo Brown
and Mr. D. B. Beaton is gratefully acknowledged.

References

Barenton B, Pelletier ]. Seasonal changes in testicular gonado-
tropin receptors and steroid content in the ram. Endocri-
nology 1983; 112:1441-1446.

Bon Durant RH, Darien BJ, Munro CJ, Stabenfeldt GH, Wang
P. Photoperiod induction of fertile oestrus and changes in
LH and progesterone concentrations in yearling dairy goats
(Capra hircus). J Reprod Fertil 1981; 63:1-9.

Bubenik GA, Bubenik AB, Brown GM, Trenkle A, Wilson DI
Growth hormone and cortisol levels in the annual cycle of
white-tailed deer (Odocoileus virgeneanus). Can ] Physiol
Pharmacol 1975; 53:787-792.

Bubenik GA, Morris JM, Schams D, Claus A. Photoperiodicity
and circannual levels of LH, FSH and testosterone in
normal and castrated male, white-tailed deer. Can ] Physiol
Pharmacol 1982; 60:788-793.

Cheng KW, Simaraks S, Palmer WM. Characterization of a ra-
dioimmunoassay for ovine FSH utilizing an anti-bovine
FSH serum. J Reprod Fertil 1981; 61:115-121.

Dickson KE. Seasonality of reproduction in four different
breeds of rams. 1981 MSc. Thesis, Univ Manitoba.

D’Occhio MJ, Brooks DE. Threshold of plasma testosterone re-
quired for normal mating activity in male sheep. Horm
Behav 1982; 16:383-394.

Howland BE, Sanford LM, Palmer WM, Beaton DB, Del Rizzo
Brown HA. Some effects of photoperiod on testis width
and reproductive hormone levels in rams. Proc Can West
Soc Reprod Biol 1983; 5:18.

Howles CM, Craigon J, Haynes NB. Long-term rhythms of tes-
ticular volume and plasma prolactin concentrations in rams

Vol. 6

reared for 3 years in constant photoperiod. J Reprod Fertil
1982; 65:439-446.

Kakusya GRE, Howland BE, Palmer WM. Reproductive hor-
mone patterns in female pygmy goats. Proc Can West Soc
Reprod Biol 1982; 4:33.

Lincoln GA, Short RV. Seasonal breeding: nature’s contracep-
tive. Recent Prog Horm Res 1980; 36:1-52.

Liptrap RM, Raeside JI. Increase in plasma testosterone con-
centration after injection of adrenocorticotrophin into the
boar. ] Endocrinol 1975; 66:123-131.

Liptrap RM, Raeside JI. A relationship between plasma con-
centrations of testosterone and corticosteroids during
sexual and aggressive behaviour in the boar. ] Endocrinol
1978; 76:75-85.

Mirarchi RE, Howland BE, Scanlon PF, Kirkpatrick RL, Sanford
LM. Seasonal variation in plasma LH, FSH, prolactin; and
testosterone concentrations in adult male white-tailed deer.
Can ] Zool 1978; 56:121-127.

Moore RW, Whyman D, Wilson PR. Effects of sexual stimula-
tion on plasma levels of LH and testosterone in rams from
high- and low-fertility flocks. ] Reprod Fertil 1978; 53:67-
70

Muduuli DS, Sanford LM, Palmer WM, Howland BE. Secretory
patterns and circadian and seasonal changes in luteinizing
hormone, follicle stimulating hormone, prolactin and tes-
tosterone in the male pygmy goat. ] Anim Sci 1979; 49:543-
553.

Niswender GD, Reichert LE Jr, Midgley AR Jr, Nalbandov AV.
Radioimmunoassay for bovine and ovine LH. Endocri-
nology 1969; 84:1166-1173.

Ravault JP. Prolactin in the ram: seasonal variations in the con-
centration of blood plasma from birth until three years old.
Acta Endocrinol 1976; 83:720-725.

Sanford LM, Palmer WM, Howland BE. Seasonal variation of
serum levels of LH and testosterone in the ram. Can ] Anim
Sci 1974a; 54:247-249.

Sanford LM, Palmer WM, Howland BE. Influence of sexual
activity on serum levels of LH and testosterone in the ram.
Can ] Anim Sci 1974b; 54:579-585.

Sanford LM, Faiman C, Howland BE, Palmer WM. The profile
of follicle-stimulating hormone secretion in the ram. Can J
Anim Sci 1976; 56:497—-504.

Sanford LM, Palmer WM, Howland BE. Changes in the profiles
of serum LH, FSH and testosterone, and in mating perfor-
mance and ejaculate volume in the ram during the ovine
breeding season. ] Anim Sci 1977; 45:1382-1391.

Sanford LM, Beaton DB, Howland BE, Palmer WM. Photope-
riod-induced changes in LH, FSH, prolactin and testos-
terone secretion in the ram. Can ] Anim Sci 1978; 58:123-
128.

Schulte BA, Seal US, Plotka ED, Letellier MA, Verme L], Ozoga
J], Parsons JA. The effect of pinealectomy on seasonal
changes in prolactin secretion in the white-tailed deer
(Odocoileus virginianus borealis). Endocrinology 1981;
108:173-178.

Tamanini C, Giordano N, Chiesa F, Seren E. Plasma cortisol
variations induced in the stallion by mating. Acta Endo-
crinol 1983; 102:447-450.

Welsh TH Jr, Johnson BA. Stress-induced alterations in secre-
tion of corticosteroids, progesterone, luteinizing hormone
and testosterone in bulls. Endocrinology 1981; 109:185-
190.

Welsh TH Jr, Bambino TH, Hsueh AJW. Mechanism of gluco-
corticoid-induced suppression of testicular androgen bio-
synthesis in vitro. Biol Reprod 1982; 27:1138-1146.

Yarney TA, Sanford LM. The reproductive-endocrine response
of adult rams to sexual encounters with estrual ewes is
season dependent. Horm Behav 1983; 17:169-182.





