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In confined management systems, well-nourished bucks rendered sexually active by exposure to long days are
efficient in fertilizing out-of-season goats. However, underfeeding is common in semi-extensive management
systems and may reduce the reproductive efficiency of bucks. The objective of the present study was to deter-
mine whether nutritional supplementation improved the sexual activity of bucks submitted to long days in
semi-extensive management systems and their ability to stimulate the reproduction of goats in semi-extensive
or confined conditions. In experiment 1, three groups of bucks were placed in different flocks and grazed daily
with females for 7 h. Each day after grazing, males were separated from females and moved into open pens.
One group did not receive any treatment (control group; n=6). Two other groups were submitted to artificially
long days from 15 November to 15 January. From 16 January, one group did not receive nutritional supplemen-
tation (long-day group; n = 5), whereas bucks from the other group each received 600 g of a commercial con-
centrate (long-day+supplementation group; n = 5). The fourth group was kept in confined conditions,
exposed to long days and fed alfalfa hay (long-day confined group; n = 6). On 26 March, anovulatory goats
from other flocks were assigned to four groups (n = 27 each) and confined separately in open pens. Three
bucks of each group were housed with the females. Pregnancy rates were greater in the goats housed with the
long-day group than those housedwith the control group (P<0.01). However, pregnancy rates did not differ be-
tween the long-day confined group (89%) and long-day+supplementation group (70%; P = 0.09), but these
rates were greater than those from the long-day (37%) and control groups (0%; P < 0.05). In experiment 2,
two groups of males (n = 3 each) were incorporated into two flocks under semi-extensive management and
grazed daily with females for 7 h. One group of males did not receive any treatment (control group). The other
group was submitted to long days and nutritional supplementation as in experiment 1 (long-day+supplemen-
tation group). Males remainedwith females during thewhole study. The pregnancy rate was greater in the goats
joined by males of the long-day+supplementation group (78%) than in those from the control group (0%; P <
0.001). We conclude that long days and nutritional supplementation improve the ability of bucks kept in semi-
extensive management to stimulate reproduction of out-of-season goats in confined or semi-extensive manage-
ment systems.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The Animal Consortium. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

These results indicated that providing increased nutrition to light-
exposed bucks improved out-of-season reproductive success compared
to exposure to artificially long days alone. No differences between
vier Inc. on behalf of The Anim

. Sifuentes, M.J. Flores, et al.,
l, https://doi.org/10.1016/j.an
supplementation and confinement management systems were evident
in the current study.

Introduction

Reproductive seasonality is a trait of many breeds of goats from sub-
tropical latitudes. In male goats from these latitudes, sexual rest lasts
from January to June, whereas in females, the anestrous season lasts
from February to August in the Northern Hemisphere (Delgadillo
al Consortium. This is an open access article under the CC BY-NC-ND license
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et al., 1999; Duarte et al., 2008). This reproductive seasonality is mainly
timed by annual photoperiodic changes (Delgadillo et al., 2004; Duarte
et al., 2010). Nonetheless, the reproductive seasonality can be modified
by other environmental cues, such as the presence of conspecifics, par-
ticularly the “male effect” (Walkden-Brown et al., 1993; Chemineau
et al., 2006). Indeed, the introduction of a male into a group of season-
ally anestrous goats can stimulate ovulatory activity in the few days
the males are introduced (Shelton, 1960; Pellicer-Rubio et al., 2007;
Bedos et al., 2014). In strongly seasonal breeds, the response of the fe-
males housedwithmales is modified by the intensity of their sexual be-
havior. Hence, males that have been rendered sexually active by
exposure to artificially long days and that are displaying intense sexual
behavior during the rest season are able to induce more seasonally an-
estrous goats to ovulate than control males displaying weak sexual be-
havior (Delgadillo et al., 2002; Chasles et al., 2016; Zarazaga et al.,
2019). Interestingly, the continuous presence of sexually active males
stimulates most females to ovulate during seasonal anestrus rather
than the continuous presence of control males (Delgadillo et al.,
2015). Together, these results indicate that the introduction or the con-
tinuous presence of sexually active males stimulates ovulation in sea-
sonally anestrous goats and that the intensity of their sexual behavior
plays an important factor in the response.

The nutritional conditions of male goats dramatically modify the re-
sponse to long-day treatment and the ability to stimulate ovulation in
seasonally anestrous goats. Indeed, undernourishment dramatically re-
duced the scrotal circumference and the intensity of sexual behavior of
males submitted to long-day treatment (Delgadillo et al., 2020). In addi-
tion, pregnancy rates were significantly lower in females joined by un-
dernourished males kept under a natural photoperiod than in those
joined by well-nourished males (Walkden-Brown et al., 1993). There-
fore, undernutrition reduced the ability of male goats to stimulate sex-
ual and reproductive activities in seasonally anestrous goats. In
subtropical latitudes, most goats are managed in semi-extensive man-
agement systems, in which male and female goats are together year-
round, walk 5 to 8 km daily, and graze for approximately 8 h per day,
eating only the available vegetation without supplementary feed
(Duarte et al., 2008; Andrade-Esparza et al., 2018). During the dry sea-
son, food availability decreases markedly, leading to undernutrition
during sexual rest (Delgadillo and Martin, 2015). It is likely that
the characteristics of the semi-extensive management systems
might modify the response of males submitted to long days and
then their ability to stimulate reproduction in female goats during
seasonal anestrus. Therefore, the objectives of the present study,
which, to our knowledge, have never been tested before, were to de-
termine whether nutritional supplementation improved the sexual
activity of bucks exposed to artificially long days in a semi-
extensive management system and whether these supplemented
males were able to stimulate the reproduction of goats in semi-
extensive or confined management systems.
Material and methods

General conditions of study

The study was performed in the Laguna region of the state of Coa-
huila, Mexico (latitude 26°23′ N; longitude, 104°47′ W). The photope-
riod in this region varies from 1341 h at the summer solstice to 1019
h at the winter solstice, whereas the mean annual maximum andmini-
mumtemperatures vary from37 °C betweenMay andAugust to 6 °C be-
tween December and January. The Laguna region is characterized by a
dry climate with an average annual rainfall of 266 mm (range: 163 to
504 mm), which generally occurs between June and September
(Duarte et al., 2008). Local animals from the Laguna region, which
have previously been described as Creole goats, were used (Duarte
et al., 2008).
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Experiment 1

Nutritional and photoperiod treatments of males
Sexually experiencedmale goats were used. The rationale for choos-

ing the number of males per group (5 or 6) was based on (a) the ex-
pected differences in the results of the measurements of BW, body
condition (BC), testicular weight, plasma testosterone, and sexual be-
havior; (b) the need for a security margin to be able to randomly select
three males out of five or six to be used for the buck effect; and (c) the
availability of experimental animals. From 1 November, males were
assigned to four groups balanced for BW, BC, and testicular weight.
Males of three groups were placed in three different flocks with 60–70
multiparous females each and grazed dailywith the females on different
routes from 1000 h to 1700 h. Each day after grazing, the males from
each flock were separated from the females and moved into open
pens (6×4 m each). One group did not receive any treatment and
formed the control group (n= 6; BW: 59 ± 5 kg; BC: 2.2 ± 0.1; testic-
ular weight: 99 ± 4 g; mean ± SEM). The two other groups were ex-
posed to artificially long days (16 h of light per day) from 15
November to 15 January followed by natural variations in the photope-
riod. Artificial light was provided from 0600 h to 0800 h and from 1800
h to 2200 h. The pens of males were at least 50 m from those of does,
which did not receive the photoperiod treatment. From 16 January,
the bucks from one photoperiod-treated group did not receive any nu-
tritional supplementation and formed the long-day group (n = 5;
BW: 58 ± 10 kg; BC: 2.2 ± 0.1; testicular weight: 99 ± 6 g). Bucks
from the other group were each supplemented with 600 g of commer-
cial concentrate (1.7Mcal/kg, 14% CP per kg of DM) before grazing and
formed the long-day+supplementation group (n = 5; BW: 59 ± 8
kg; BC: 2.2 ± 0.1; testicular weight: 103 ± 4 g). During grazing, all
males were fitted with an apron to prevent mating with females. The
fourth group of bucks was kept in confined conditions 20 km away
from the other three groups of bucks. These males were isolated from
females and exposed to artificially long days as described above and
formed the long-day confined group (n = 6; BW 58 ± 9 kg: BC: 2.1 ±
0.1; testicular weight: 98 ± 4 g). They were fed 2 kg of alfalfa hay per
animal daily (2.3 Mcal/kg, 18% CP per kg of DM; National Research
Council (NRC), 2007). The experimental protocol is shown in Fig. 1.

Conditions of females
There were three different flocks of females from those wheremales

were placed during the photoperiod treatment. Females were multipa-
rous andhad delivered betweenOctober andDecember andwere hand-
milked once per day during the study. FromOctober until 25March, the
females were isolated from the males (see male effect section). The an-
ovulatory state of the goats was determined by transrectal ultrasonog-
raphies performed on 3, 13, and 23 March using an Aloka SSD-500
device (Co., LTD, Tokyo, Japan) connected to a transrectal 7.5-MHz lin-
ear probe (Simões et al., 2007). Females without corpora lutea in the
three observations were considered to be anovulatory. On 23 March,
the anovulatory females were assigned to four groups (n = 27 each)
balanced based on their BC (1.4 ± 0.1, all groups) and confined sepa-
rately in shaded open pens (20×20 m). The rationale for the number
of females per group was based on (a) the expected differences in fre-
quencies among groups using a χ2 analysis (see below) and
(b) availability of experimental animals. Females were fed 2 kg of alfalfa
hay daily (2.3 Mcal/kg, 18% CP per kg of DM) and 100 g of commercial
concentrate (1.7 Mcal/kg, 14% CP per kg of DM; National Research
Council (NRC), 2007).

The male effect
On 26 March (day 0), the four groups of goats were joined by three

males taken at random from each group of males. The males remained
in contact with females for 15 consecutive days, as reported previously
(Fitz-Rodríguez et al., 2009; Araya et al., 2016). Each group of goats was
divided into three subgroups by a wooden barrier, allowing visual,
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animal daily (long-day confined group). On 26 March, four groups of goats (n = 27 each) were joined by three males taken at random from each group of males.
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auditory, and nose-to-nose contact among animals; this division was
made to prevent fighting and accidents among males. Hence, each
buck was in contact with 9 females, and males were rotated daily in
their respective groups to avoid individual effects. During the test of
the male effect, males were fed to maintain their BW (National
Research Council (NRC), 2007).

Measurements
BWs were determined every two weeks between November and

March before the distribution of nutritional supplementation, which
was measuring using an electronic balance with a capacity of 250 kg
and a precision of 0.05 kg (Torrey, Nuevo León, México).

Body conditions were determined every two weeks between No-
vember and March using a scale ranging from 1 (very lean) to 4
(obese), which was based on lumbar palpation (Walkden-Brown
et al., 1997).

Testicular weights were determined at the beginning of November
and then every two weeks between January andMarch by comparative
palpation with an orchidometer (Oldham et al., 1978).

Plasma concentrations of testosterone were determined every two
weeks between December and March. All blood samples were col-
lected by jugular venipuncture in 5-mL tubes containing 30 μL of
heparin. Plasma was obtained after centrifugation at 2500 g for 20
min and stored at−20 °C until hormonal determination. The plasma
concentrations of testosterone were determined using a direct RIA
method derived from Garnier et al. (1978) and Hochereau-De
Reviers et al. (1990). The sensitivity was 0.3 ng/mL, and the intra-
assay CV was 8.5%.

Sexual behavior displayed by bucks in the presence of females was
monitored from 0830 h to 0900 h during the first three days after
their introduction into the female groups. Trained observers followed
the bucks individually and recorded the number of nudging events
3

(Bedos et al., 2016). Pregnancy rates were determined by the presence
of embryos according to transrectal ultrasonography 40 days after the
introduction of males in all groups (González de Bulnes et al., 1998).

Experiment 2

Nutritional and photoperiod treatments of males
Sexually experienced male goats were used. Males were assigned to

two groups balanced for BW. From1November, themales of each group
were placed into two different flocks with 90–100 females each and
grazed daily with the females on different routes from 1000 h to 1700
h. Each day after grazing, the males from each flock were separated
from the females and moved into open pens (6×4 m each). One
group did not receive any treatment and formed the control group
(n=3; BW: 56±5 kg). The bucks in the supplemented groupwere ex-
posed to artificially long days from15November to 15 January andwere
individually supplemented with 600 g of commercial concentrate from
16 January until the study ended on 15 May; they formed the long-
day+supplementation group (n = 3; 58 ± 6 kg). From 1 November,
the bucks remained togetherwith females of their respective flocks dur-
ing the entire study. From 1 November to 11 March, all males were
fitted with an apron to prevent them frommating with females and re-
moved on 12 March.

Preparation of females and measurements
Females were multiparous and had delivered in September and Oc-

tober, and they were hand-milked once per day during the study. The
anovulatory state of goats was determined on 24 February, 3 and 10
March as described in experiment 1. On March 10, the females from
each flock (n = 70 each) were balanced by BC (1.5 ± 0.1, both flocks).
The rationale for choosing the number of females per group was based
on (a) the expected differences in frequencies among groups using a
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χ2 analysis and (b) the availability of experimental animals. Pregnancy
rates were determined by transrectal ultrasonography on 15May as de-
scribed in experiment 1.
Statistics analysis

In experiment 1, the BW, testicular weight, and plasma concen-
trations of testosterone were analyzed using 2-way repeated-
measures ANOVA to detect differences among treatments. The
model included the treatment (group), sampling time (weeks),
and the interaction between these factors, followed by Fisher's
exact test for 2 × 2 individual point comparisons. Because of the or-
dinal nature of the data for BC, this variable was analyzed for a gen-
eral time effect by the Friedman test and by Kruskal-Wallis followed
by the Mann–Whitney U test for comparison between the 2 groups
at a given time. The male sexual behavior was analyzed using the
χ2 test for goodness of fit, and a random distribution of 50% in
each group was considered when the four groups of males were
compared. The proportion of females that ovulated and the preg-
nancy rates were compared between groups using the χ2 test.
When there was a significant difference, comparisons between
groups were made using Fisher's exact test. In experiment 2, the
pregnancy rates were compared using the χ2 test. The data are
expressed as the mean ± SEM, and differences were considered sig-
nificant at the level of P ≤ 0.05. All statistical analyses were per-
formed using the System Statistics (2009). The results are
expressed as the mean ± SEM.
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Results

Experiment 1

Body weights
A treatment by time interaction was detected for BW (P < 0.001),

necessitating examination of the treatment effects within time
(Fig. 2). Body weights did not differ among groups from 1 November
to 15 January (P > 0.05). Thereafter, the BW increased from 30 January
in the three photoperiod-treated groups. In the control group, the in-
crease in BW occurred one month later. On 31 March, the BW of the
confined group was much greater than that of both the long-day and
control groups (P < 0.05).

Body conditions
A treatment by time interaction was detected for BC (P < 0.001;

Fig. 3). Body conditions did not differ among groups in November and
December (P > 0.05). Thereafter, BC increased dramatically in the
long-day confined group, and the values of this variable were greater
than those of the other three groups until the end of study (P < 0.01).
In the long-day and long-day+supplementation groups, BC did not dif-
fer from January toMarch (P>0.05), but the BC of these two groupswas
greater than that of the control group between 30 January and 15March
(P > 0.05).

Testicular weights
A treatment by time interaction was detected for testicular weights

(P < 0.001; Fig. 4). Testicular weights did not differ among groups on
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1 November and 15 January (P > 0.05). In the photoperiod-treated
groups, testicular weights increased progressively between 30 January
and 30 March. The testicular weights from the long-day confined
groupwere greater than those of the long-day group between 29 Febru-
ary and 30 March (P < 0.05), but they did not differ from those of the
long-day+supplementation group (P> 0.05). On 30 March, the testic-
ular weights were greater in the three photoperiod-treated groups than
in the control group (P < 0.05).

Plasma concentrations of testosterone
A treatment by time interaction was detected for plasma concentra-

tions of testosterone (P < 0.001; Fig. 5). Testosterone concentrations
were low and did not differ among groups between December and Feb-
ruary. In March, the testosterone concentrations increased dramatically
in the three photoperiod-treated groups, but these concentrations did
not differ among groups (P> 0.05). Hence, inMarch, the plasma testos-
terone concentrations in the photoperiod-treated bucks were greater
than those registered in the control group (P < 0.05).

Sexual behavior of bucks
The number of nudging events displayed by bucks differed among

groups (P < 0.001), and the long-day confined group displayed more
nudging than the other three groups (P < 0.001; Table 1).

Ovulatory response and pregnancy rates
The proportion of females that ovulated after joining by males dif-

fered among groups (P < 0.01). Indeed, all females joined by
photoperiod-treated males ovulated, whereas none ovulated when
joined by the control males (P < 0.01; Table 2). Pregnancy rates also
5

differed among groups (P < 0.01). Indeed, pregnancy rates in the fe-
males joined by males from the long-day confined and long-day+sup-
plementation groups were greater than in those joined by males from
the long-day and control groups (P < 0.05; Table 2). Pregnancy rates
were also greater in females joined by the males from the long-day
group than in those joined by males from the control group (P < 0.01).

Experiment 2

Pregnancy rates: Pregnancy rates were greater in goats joined by
males from the long-day+supplementation group (78%) than in
those joined by males from the control group (0%; P < 0.001).

Discussion

The results of these studies confirmed our hypothesis that nutri-
tional supplementation improved the sexual activity of bucks submitted
to artificially long days in a semi-extensive management system and
their ability to stimulate reproduction in out-of-season goats in semi-
extensive or confined management systems. Indeed, in experiment 1,
the proportion of pregnant goats was greater in females joined by
males from the long-day confined and long-day+supplementation
groups than in those joined by males from the long-day and control
groups. Interestingly, in experiment 2, in which males from the
long-day+supplementation group remained with females in the
semi-extensive management system during and after the photoperiod
treatment, the proportion of pregnant goats was greater than in those
joined by control males. To our knowledge, these are the first studies
showing that nutritional supplementation improves the sexual activity
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of males submitted to long days in a semi-extensive management sys-
tem and then their ability to stimulate reproduction of out-of-season
goats in semi-extensive or confined management systems.

In experiment 1, BCwas greater in the long-day confined group than
in the other three groups. In contrast, BWdid not differ inmost individ-
ual values among the three photoperiod-treated groups, despite the dif-
ferent nutritional conditions. In males from these groups, BW increased
in January after the end of the long-day treatment, whereas in the
controlmales, this increase occurred onemonth later, as reported previ-
ously (Walkden-Brown et al., 1994; Delgadillo et al., 2002). In well-
nourished male goats from subtropical latitudes kept under natural
photoperiod variations, BW starts to increase after the winter solstice,
i.e., during the period of increasing day length; in contrast, in those sub-
mitted to artificially long days in autumn andwinter, BW increases after
the end of long days (Walkden-Brown et al., 1994; Delgadillo et al.,
2002). In both situations, it was likely that natural increasing days or ar-
tificially long days increased food intake and/or food efficiency with a
subsequent increase in BW (Walkden-Brown et al., 1994; Delgadillo
et al., 2002).

In the three photoperiod-treated groups, testicular weights started
to increase in February, reachingmaximumvalues inMarch, as reported
previously (Delgadillo et al., 2002). In contrast, in the control group, this
increase did not occur. The increase in testicular weight observed in the
three photoperiod-treated groups occurred after the increase in BW,
aligning with the results of previous studies (Delgadillo et al., 2002
and 2020). It appears that in male goats from subtropical latitudes, tes-
ticular weight increases after the increase in BW, independent of LH se-
cretion (Walkden-Brown et al., 1994; Hötzel et al., 1995). This could
explain why in our study, plasma concentrations of testosterone were
lower and did not differ among the four groups from December to
6

February, despite the increase in testicular weight registered in the
photoperiod-treated males. In these males, plasma concentrations of
testosterone increased dramatically in mid-March, and there were no
differences among groups, but these concentrations were higher than
those of the control group, as already reported (Delgadillo et al.,
2002). The lack of differences among the photoperiod-treated males
was an unexpected result because there is evidence that in bucks, un-
dernutrition decreases plasma concentrations of testosterone
(Walkden-Brown et al., 1994). Interestingly, when housed with fe-
males, the photoperiod-treated males displayed more nudging events
than the control males, probably due to the high plasma testosterone
concentrations. However, this sexual behavior was modified by the nu-
tritional conditions, and it was more intense in the long-day+supple-
mentation group than in the long-day group. These results agreed
with those indicating that undernutrition dramatically reduces the sex-
ual behavior of male goats (Martin and Walkden-Brown, 1995;
Delgadillo et al., 2020). Taken together, these findings indicate that arti-
ficially long days stimulate an increase in testicular weight, plasma con-
centrations of testosterone and sexual behavior in male goats kept in
semi-extensive management systems.

All females joined by the photoperiod-treated males ovulated,
whereas none of females did so when joined by control males. This
high ovulatory response indicated that the sexual behavior displayed
by males from the three photoperiod-treated groups was enough to
stimulate ovulations. Indeed, the sexual behavior displayed by males
was a crucial factor in stimulating reproductive activity in seasonally an-
estrous goats (Martínez-Alfaro et al., 2014; Chasles et al., 2016; Zarazaga
et al., 2019). However, pregnancy rateswere higher in females joined by
males from long-day confined and long-day+supplementation groups
than in those joined by males from long-day or control groups. These
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Fig. 5. Testosterone plasma concentrations (mean ± SEM) in four groups of male goats. Three groups were kept in semi-extensive management and grazed daily from 1000 h to 1700 h.
One group did not receive any treatment (control group; ■). Two other groups were subjected to artificially long days (16 h of light by day) between 15 November and 15 January,
followed by natural variations in the photoperiod. After the end of long days, one group did not receive any nutritional supplementation (long-day group; ○), whereas bucks from the
other group were individually supplemented with 600 g of a commercial concentrate (long-day+supplementation group; ●). The fourth group was kept in confined conditions,
exposed to the same artificially long days as the other two groups and fed 2 kg of alfalfa hay per animal daily (long-day confined group; □). Plasma concentrations of testosterone
were determined every two weeks. Different letters indicate significant differences among groups (P < 0.05).

Table 1
Total number of nudging displayed by long-day treated or control male goats in the pres-
ence of females.Maleswere exposed to artificially longdays (16h of light per day) from15
November to 15 January.

Groups of males n Total number of nudging

Control 3 0a

Long-day 3 114b

Long-day+supplementation 3 540c

Long-day confined 3 752d

a–dValues within a column with different superscripts differ significantly at P < 0.01.

Table 2
Ovulatory response and pregnancy rates of seasonal anestrous goats joined by long-day
treated or control male goats. Males were exposed to artificially long days (16 h of light
per day) from 15 November to 15 January.

Goats joined by males n Goats with ovulations
(%)

Pregnancy rates
(%)

Control 27 0/27 (0)a 0/27 (0)a

Long-day 27 27/27 (100)b 10/27 (37)b

Long-day+supplementation 27 27/27 (100)b 19/27 (70)c

Long-day confined 27 27/27 (100)b 24/27(89)d

a–dValues within a column with different superscripts differ significantly at P < 0.05.
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differences cannot be explained by different ovulatory responses to the
introduction of the photoperiod-treated males because most females
that were housed with treated males ovulated. Rather, these findings
strongly indicated that nutritional supplementation improved
7

spermatogenic activity in males submitted to the long-day treatment,
consequently improving their ability to fertilize females. This hypothe-
sis is supported by the fact that in rams receiving nutritional supple-
mentation for 7–9 weeks, testicular volume was significantly
increased and quantitative and qualitative sperm production improved,
probably by decreasing apoptosis in germ cells (Martin and Walkden-
Brown, 1995; Guan et al., 2015). Hence, our findings indicated that in
our experimental conditions, the combination of photoperiod and nutri-
tional supplementation was a good strategy for increasing the capacity
of male goatsmaintained in semi-extensivemanagement system to fer-
tilize females kept in confined conditions.

In experiment 2, the proportion of pregnant goats was greater in fe-
males joined by males from the long-day+supplementation group
than in those joined bymales from the control group. These results con-
firmed those obtained in experiment 1. Interestingly, in experiment 2,
males remained continuously present with females during and after
the photoperiod treatment and were able to stimulate the reproductive
activity of seasonally anestrous goats, whereas the continuous presence
of control males did not have the same effect. These findings agreed
with those indicating that in goats, the previous separation between
sexes is unnecessary to stimulate the sexual activity of females when
sexually active males are used (Delgadillo et al., 2015; Zarazaga et al.,
2017). The main outcome of this study is, therefore, the demonstration
for the first time that the sexual activity of males and females can be
stimulated in animals maintained in semi-extensive management sys-
tems. The advantage of this demonstration is that the manipulation of
reproduction in goat flocks can be achieved without major modifica-
tions to the production system. In addition, this technique combining
photoperiod, nutritional supplementation, and sociosexual interactions
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will allow small producers to transform the reproductive cycle of their
flocks with minimal economic investments.

Conclusion

We conclude that nutritional supplementation improves the ability
of bucks submitted to longdays in semi-extensivemanagement to stim-
ulate reproduction of seasonally anestrous goats kept in semi-extensive
or confined management systems.
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