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a b s t r a c t

The response of male goats exposed to different durations of long days (LD) during an extra-
light treatment in autumn-winter, and their ability to induce ovulations in seasonally
anovulatory goats were investigated in 2 experiments. In experiment 1, control males were
exposed to natural photoperiod (n ¼ 5), whereas 4 additional groups (n ¼ 5/group) were
exposed to 16 h of light per d during 75, 45, 30, or 15 d of LD. In the 4 groups, photoperiodic
treatments ended on January 15th. Plasma concentrations of testosterone were determined
in blood samples obtained once a week from October 15th to May 30th. The rise of
testosterone levels occurred earlier in males from the 75-LD and 45-LD groups than in those
from the 30-LD, 15-LD, and control groups (P < 0.05). In addition, the time during which
levels of testosterone remained >5 ng/mL was longer in males from the 75-LD and 45-LD
than in those from the 30-LD and 15-LD groups (P < 0.05). In experiment 2, a group of
anovulatory goats (n ¼ 13) was isolated from males, while 3 additional groups were put in
contact during 15 d with males previously exposed to 75, 45, or 30 days of LD (n ¼ 25, 27,
and 26 females/group, respectively and n ¼ 3 males per group). The proportion of goats that
ovulated was higher in the 3 groups in contact with the photo-stimulated males (range:
88%–92%) than in the group isolated from them (0%; P < 0.05). The proportion of pregnant
females did not differ between the 3 groups of does in contact with photo-stimulated males
(range: 78%–92%; P > 0.05). We conclude that, in our experimental conditions, a photope-
riodic treatment as short as 30 d of LD during autumn-winter, stimulated testosterone
secretion of bucks during their period of sexual rest and rendered them able to induce
ovulations in seasonal anestrous goats and to obtain pregnancies in these females.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

The reproductive seasonality showed by breeds of goats
from temperate and subtropical latitudes constitutes an

important limitation for inducing reproduction during the
season of sexual rest [1–4]. To solve these limitations
associated with reproductive seasonality, socio-sexual re-
lationships have been used to stimulate the sexual activity
of seasonal breeds of goats during the nonbreeding season
[5–7]. Thus, the introduction of a male into a group of
seasonally anestrous does or ewes, stimulates and syn-
chronizes LH secretion, ovulations, and estrous behavior
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[8–10]. This technique of sexual biostimulation is known as
the “male effect” [11–13].

The proportion of females ovulating or displaying
estrous behavior after the male effect varies according to
the intensity of the sexual behavior of males [14,15].
Indeed, in the northern hemisphere, bucks rendered
sexually active by exposure to 75 d of long days (LD) from
November 1st followed by natural photoperiod, induce
ovulations in most of seasonally anovulatory females,
whereas untreated bucks are unable to do so [16,17]. The
capacity of the photo-stimulated males to induce the
ovulatory activity in anestrous females is likely because of
the fact that the 75 d of LD stimulates testosterone secre-
tion, sexual behavior, odor, and male vocalizations from
February to April, these months corresponding to the
nonbreeding season in the northern hemisphere [17–19].

In rams kept in a lightproof building, a period of 30 d of
LD followed by 120 d of short days (SD) stimulated
testosterone secretion and increased scrotal circumference
[20]. Moreover, bucks and rams exposed to alternate long
and short day-light regimens of 30-d duration fail to exhibit
endocrine and reproductive changes expected for males
exposed to natural photoperiod [21–23]. In Alpine bucks
exposed to the previously described light regime, testos-
terone secretion increased during LD and decreased during
SD because of the rapid alternations of day length [23]. All
these results suggest that in bucks and rams, 30 d of LD are
long enough to sensitize the males and allowing them to be
responsive to the following 30 artificial days of SD. How-
ever, the minimal duration of artificial LD necessary to
induce the sexual activity of bucks during the natural sex-
ual rest when kept under natural photoperiodic conditions
is not known, and this is also the case regarding the ca-
pacity of these photoperiodic treated males to stimulate
the ovulatory activity in seasonally anestrous goats. Thus,
we performed 2 experiments: in the first one, we compared
testosterone secretion in bucks exposed to 15, 30, 45, and
75 d of LD and hypothesized that 15 d of LD would be able
to stimulate testosterone secretion. Then, in a second
experiment, we compared the response to the male effect

in seasonally anovulatory goats exposed to males submit-
ted to 30, 45, and 75 d of LD.

2. Materials and methods

2.1. General management conditions

We performed 2 experiments during 2 consecutive
years using local Mexican goats (Capra hircus) from the
Laguna region in the State of Coahuila, Mexico (latitude,
26�230 N and longitude, 104�470 W). In these females iso-
lated frommales, the anestrous period lasts from February-
March to August-September, while in bucks isolated from
females, the sexual rest lasts from January-February to
May-June [3,4]. In the present experiments, animals were
fed 2 kg of alfalfa hay (18% CP) and 200 g/d of commercial
concentrate (14% CP; 1.7 Mcal/kg) per animal, with free
access to mineral blocks and water during the study.

Experimental proceduresused inbothexperimentswere
in accordance with the Guide for the Care and Use of Agri-
cultural Animals in Agricultural Research and Teaching [24].

2.2. Experiment 1

The objective of experiment 1 was to determine
whether durations of LD treatments as short as 15 d could
stimulate the testosterone secretion of bucks during the
nonbreeding season.

2.2.1. Photoperiodic treatments
Male goats were 1-yr-old at the beginning of the study.

On October 1st, males were divided into 5 groups (n ¼ 5/
group) balanced for scrotal circumference (Table 1). Bucks
from each group remained into a shaded outdoor pen (5 �
5 m) until the end of the study on May 30th. Control males
were exposed to the natural photoperiodic conditions (13 h
41 min of light at the summer solstice and 10 h 19 min of
light at the winter solstice) throughout the study. Males
from the other 4 groups were submitted to different pe-
riods of LD, all ending on January 15th (Fig. 1). Long days

Table 1
Characteristics of testosterone secretion in local male goats from subtropical Mexico (26�N). Control males were exposed to natural photoperiodic conditions
(n¼ 5). The other 4 groups were exposed to artificial long days (LD; 16 h of light per d) during 15 (15-LD), 30 (30-LD), 45 (45-LD), and 75 (75-LD) consecutive
days. The onset of photoperiodic treatments differed between groups but all of them ended on January 15th.

Groups n First increase
in plasma
testosterone
>5 ng/mL

First
decrease
in plasma
testosterone
<5 ng/mL

Duration of
high plasma
testosterone
>5 ng/mL (d)

Interval between
end of LD and
first increase in
plasma testosterone
>5 ng/mL (d)

Scrotal
circumference
(cm)

Control 5 May
16 � 4a

__ __ __ 22 � 0.3a

15-LD 5 March
28 � 5b

April
26 � 2a

29 � 3a 72 � 5a 23 � 0.4a

30-LD 5 March
20 � 3b

April
17 � 2a,b

28 � 3a 64 � 3a 23 � 0.2a

45-LD 5 February
17 � 1c

April
7 � 3b

49 � 4b 33 � 1b 24 � 0.6a

75-LD 5 February
14 � 4c

April
23 � 4a

69 � 6c 30 � 4b 23 � 0.3a

Abbreviation: SEM, standard error of the mean.
Results are expressed as mean � SEM.
a,b,c Values with different letters within each column differ significantly (P < 0.05).
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