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SUMMARY
Background. In seasonally anovulatory goats, sexually active bucks led a high pregnancy rate during a
mating period of 36 days. Progesterone priming of does can reduce the length of the mating period while
maintaining high fertility by allowing oestrous behaviour at the first male-induced ovulation. Objective. To
determine whether high fertilization rates could be achieved by using two sexually active bucks, alternated
daily for a period of seven days in four successive groups of does. Methodology. Two control bucks were
used only with one group of does (n = 19), whereas two experimental bucks were successively housed with
four groups of does (n = 18 or 19 each). One of the control and experimental bucks was introduced to their
respective groups in the morning and removed 24 h later to rest for 24 h. Immediately after the removal of
the first buck, the second buck was placed with the group of does. Each doe was treated with 25 mg of
progesterone im 48 h prior to the first introduction of bucks to reduce short ovulatory cycles. Results. In each
group, the proportion of does that ovulated was higher than 93%. These proportions did not differ among
groups exposed to the control or experimental bucks (P > 0.05). In each group, the proportion of pregnant
does was higher than 78%; proportions did not differ among groups (P > 0.05). Implications. At farms with
few bucks, efficient management of sexually active bucks can yield a high percentage of pregnant females.
Conclusion. These results indicate that two sexually active bucks housed with four successive groups of
progesterone-treated anovulatory does during a mating period of seven days were able to achieve high
pregnancy rates.
Key words: caprine; anovulatory does; hormonal treatment; light treatment; male effect; male-female ratio;
sexual behavior; subtropics.

RESUMEN
Antecedentes. En cabras en anovulacion estacional, los machos cabrios sexualmente activos permiten
obtener altas tasas de prefiez en un periodo de apareamiento de 36 dias. El tratamiento de las hembras con
progesterona antes de ponerlas en contacto con los machos reduce la duracion del periodo de apareamiento
sin modificar la fertilidad al permitir el comportamiento estral en la primera ovulacién inducida por el
macho. Objetivo. Determinar si se pueden lograr altas tasas de prefiezs utilizando dos machos cabrios
sexualmente activos, alternados diariamente durante un periodo de siete dias en cuatro grupos sucesivos de
hembras. Metodologia. Se usaron dos machos testigo que se introdujeron solamente con un grupo de
hembras (n = 19), mientras que dos machos experimentales se introdujeron sucesivamente con cuatro grupos
de hembras (n = 18 0 19 cada uno). Uno macho testigo y otro experimental se introdujeron a sus respectivos
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grupos en la mafana y se retiraron 24 h después para descansar por 24 h. Inmediatamente después de sacar el
primer macho, el segundo macho se introdujo con el grupo de hembras. Cada hembra fue tratada con 25 mg
de progesterona im 48 h antes de la primera introduccion de los machos para reducir los ciclos ovulatorios de
corta duracién. Resultados. En cada grupo, la proporcion de hembras que ovul6 fue superior al 93% y no
hubo diferencias entre los grupos expuestos a los machos testigo o experimentales (P > 0.05). En cada grupo,
la proporcion de hembras prefiadas fue superior al 78% y no hubo diferencias entre los grupos expuestos a los
machos testigo o experimentales (P > 0.05). Implicaciones. En hatos con pocos machos, el manejo eficiente
de los machos sexualmente activos puede permitir obtener altos porcentajes de cabras prefiadas. Conclusion.
Estos resultados indican que dos machos sexualmente activos puestos en contacto con cuatro grupos
sucesivos de hembras anovulatorias tratadas con progesterona durante un periodo de apareamiento de siete

dias pudieron lograr altas tasas de prefiez.

Palabras clave: caprinos; cabras anovulatorias; tratamiento hormonal; tratamiento luminoso; efecto macho;
relacién macho-hembras; comportamiento sexual; subtrépicos.

INTRODUCTION

The sexual response of does exposed to bucks
may be influenced by the intensity of the males’
sexual behaviour. Bucks made sexually active by
exposure to photoperiodic treatments are more
efficient than untreated control bucks at
stimulating sexual activity in anovulatory does
(Chasles et al., 2016; Zarazaga et al., 2019).
Another factor that may influence the response of
ewes and does to males is the male:female ratio.
In sheep, a reduction in the male:female ratio
from 1:25 to 1:100 results in a significant
decrease in the proportion of ewes ovulating or
resulting lambs (Lightfoot and Smith, 1968;
Signoret et al., 1982). In contrast, in goats,
reducing the male:female ratio from 4:39 to 1:39
did not reduce the proportion of ovulating does
when sexually active males were used (Carrillo et
al., 2007). However, this latter study did not
report the proportions of goats that exhibiting
oestrus or becoming pregnant. In most studies
using sexually active bucks, the male:female ratio
is ~1:10, resulting in ~75% of the does becoming
pregnant during a mating period of 15 to 48 days
(Loya-Carrera et al., 2014; Chasles et al., 2016;
Zarazaga et al., 2018). This male:female ratio
underutilizes males, considering that the optimal
sex ratio is 1:20 with a mating period of 36 days,
resulting in a fertility of 60% (Zarazaga et al.,
2018).

Considering that i) sexually active goat bucks are
very efficient in stimulating reproductive activity
in seasonally anovulatory does at a male:female
ratio of 1:10, ii) progesterone treatment prior to
male introduction reduces short ovulatory cycles
and induces first ovulations associated with
oestrous behaviour in the first seven days after
male introduction, and iii) a male:female ratio of
1:20 is optimal with a mating period of 36 days,
we hypothesized that daily alternation of the same
two sexually active bucks could be able to induce
high pregnancy rates in four consecutive groups
of progesterone-treated goats with a mating
period of seven days at a male:female ratio of
1:18 or 19. To test this possibility, two bucks
were used successively with four groups of does,

and the results were compared with those of other
two bucks used only with one group of does.

MATERIALS AND METHODS
Study conditions

The study was carried out in the Laguna region of
the state of Coahuila, Mexico (latitude 26°23” N;
longitude, 104°47> W). In this region, the day
length varies from 13 h 41 min (at the summer
solstice) to 10 h 19 min (at the winter solstice).
The goats used in this study were of Spanish
breeds Granadina, Murciana and Malaguefia.
These animals have been crossed with Alpine,
Saanen, Toggenbourg and Anglo-Nubian breeds
in the last 65 years to improve milk and meat
production (Delgadillo, 2011). In females of this
population, seasonal anovulatory lasts from
March to August; in bucks, seasonal sexual rest
lasts from January to June. These seasonal
variations in sexual activity in females and males
mainly depend on the annual variation in day
length (Delgadillo et al., 2004; Duarte et al.,
2010). The goats used in the present study (n =
92) came from the same flock and were four years
old at the beginning of the study. The females
were multiparous, had given birth between
October and December prior to the study and
were milked manually every morning during the
study. The male goats (n = 8) were five years old
and were separated from does from October until
the onset of the study. The bucks and does were
fed two kg of alfalfa hay/animal/day (9.6 MJ/kg,
18% crude protein/kg of dry matter; National
Research Council, 2007) and had free access to
water and mineral blocks.

Stimulation of buck sexual activity by exposure
to artificially long days

The bucks were rendered sexually active during
their seasonal sexual rest by a photoperiodic
treatment. Briefly, all bucks were exposed to
artificially lengthened days (16 h of light/8 h of
darkness) from 15 November to 15 January in an
open pen (6 x 6 m). Starting on 16 January, the
bucks were exposed to the natural photoperiod
until the end of the study. This photoperiodic
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treatment  enhances  plasma  testosterone
concentrations, sexual behaviour and sperm
production during approximately two months (in
the present study: March and April, normally the
period of seasonal sexual rest; Delgadillo et al.,
2002). On 20 and 21 March, semen was collected
using an artificial vagina when the males were
presented to an intact oestrous-induced doe
(Delgadillo et al., 1999). Then, the total number
of spermatozoa per ejaculate (volume X sperm
concentration of the ejaculate) was assessed
immediately after semen collection using a
photometer  (Goat  SpermaCue;  Minitibe,
Tiefenbach, Germany). All males produced more
than 3.2 x 10° spermatozoa per ejaculate. On 22
March, the sexual behaviour of the bucks was
determined individually in a 15-min test. Every
buck was exposed to an anovulatory doe, and the
number of nudges was recorded as a reliable
variable of the sexual activity of the bucks. Out of
eight bucks exposed to artificially long days, four
were selected considering their similar sperm
production and sexual behaviour and further
divided into the control and experimental groups
(n =2 each).

Conditions of the female goats

The female goats were anovulatory at the
beginning of the study. Anovulation was
determined in each female by transrectal
ultrasonography performed on 3, 13 and 23
March using an Aloka SSD-500 device (Aloka
Co., Ltd, Tokyo, Japan) connected to a transrectal
7.5-mHz linear probe (Simges et al., 2007).
Females without corpora lutea at the three
ultrasounds were considered to be in seasonal
anovulation. On 24 March, anovulatory females
were assigned to five groups according to their
body condition, which was determined by using a
scale from 1 (very lean) to 4 (obese) based on
lumbar palpation (Table 2; Walkden-Brown et al.,
1997), and allocated to shaded open pens (one pen

per group).
The male effect

The two control bucks were housed with one
group of females (n = 19) for seven days
beginning on 16 April 2018. The two
experimental bucks were successively housed
with four groups of females (seven days per
group; n = 18 or 19 each) beginning on 26 March
of the same year. When experimental males were
housed with the fourth female group, the control
males were housed with their respective group.
Therefore, we used a male:female ratio of 1:18 or
19 throughout the study. This design allowed us
to determine whether the mating activity of the
experimental bucks with the three previous
groups of females decreased their fertility. Thus,
one control or experimental buck was added to its
respective group in the morning, remained with
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the does for 24 h and was removed from the
group the next morning. Immediately after
removal, the other control or experimental buck
was introduced to the same group of females. This
procedure was performed throughout the study,
such that every buck was housed with the females
of each group for three days, alternating with
resting days. During resting days, the bucks were
placed in individual pens adjacent to the doe pen
until the next day. The distance between does
housed with males and the other groups of does
waiting to be housed with males was more than
100 m to prevent possible stimulation of sexual
activity. All females were treated with 25 mg of
progesterone IM (Facilgest 25 mg/mL; Syva
laboratories) on the right side of the neck 48 h
prior to buck introduction to reduce or prevent the
occurrence of short ovulatory cycles (Lasssoued
et al., 1995; Gonzalez-Bulnes et al., 2006).
Considering our previous results with sexually
active bucks (Bedos et al., 2010; Loya-Carrera et
al., 2014), we estimated that the number of males
and females used in each group would allow the
observation of significant differences in the
sexual behaviour of males and the ovulatory
response and pregnancy rates of females.

Measurements

The sexual behaviour of the bucks was observed
for two days after their introduction to the female
groups. Each day, the sexual behaviour of the
bucks was observed by a trained experimenter
from 08:00 to 08:30, and the number of nudges
was recorded. Ovulations were determined by the
presence of corpora lutea observed by transrectal
ultrasonography in each female 18 days after the
first exposure to the bucks. Pregnancy rates
(pregnant females/females exposed to bucks)
were determined by transrectal ultrasonography of
the females 45 days after the first exposure to the
bucks.

Statistical analyses

The number of nudges by the bucks was analysed
using the chi-squared test of independence. For
experimental males, the variation in the number
of nudges over time (G1 to G4) was analysed
using the same statistical procedure described
above. The proportions of females that ovulated
and became pregnant were analysed using the chi-
squared test for multiple-group comparisons.
Body condition of females was analysed using the
Kruskal-Wallis test. All data were analysed using
the System Statistics (2009).

RESULTS
Sexual behaviour of the bucks

Experimental bucks displayed more nudges when
exposed to G3 and G4 does than control bucks (P
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< 0.05). However, there was no difference in
nudges between the experimental bucks housed
with G1 and G2 does and the control bucks (P >
0.05). Furthermore, the number of nudges
displayed by the experimental bucks increased
over time; this number was higher when housed
with G2, G3, and G4 does than when housed with
G1 does (P < 0.01; Table 1).

Table 1. Total number of nudges displayed by
control and experimental goat bucks in the
presence of does. All bucks were rendered
sexually active by exposure to artificially
lengthened days (16 h of light/8 h of darkness
per day) from 15 November to 15 January.
Afterwards, the bucks were exposed to the
natural photoperiod until the end of study.

Groups of males ni Total number

of nudges
Control 2 2372
Experimental
Gl 2 A1852
G2 2 B 2672
G3 2 B316°
G4 2 B 364°

ab | owercase letters within a column indicate
significant differences in the number of nudges
between the control and the four experimental
groups (P < 0.05).

AB Uppercase letters within a column indicate
significant differences in the number of nudges
between the four experimental groups (P < 0.01).
1 The two experimental bucks were successively
housed with four groups of females (seven days

per group).

Ovulatory response to male introductions and
pregnancy rates

The proportions of does that ovulated did not
differ between groups housed with experimental
or control bucks (P > 0.05), and more than 93%
of the does ovulated in each group. Pregnancy
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rates did not differ between groups housed with
experimental or control bucks (P > 0.05), and
more than 78% of the does in each group became
pregnant (Table 2).

DISCUSSION

The results of the present study showed that daily
alternation between the same two sexually active
bucks stimulated reproductive activity in four
groups of seasonally anovulatory goats as
effectively as daily alternation of two sexually
active bucks in contact with only one group of
females with a seven-day breeding season. Thus,
using a daily buck:doe ratio of 1:18 or 19 (instead
of 1:10) maintained high ovulatory responses and
pregnancy rates. In fact, the proportions of
females ovulating in each group was greater than
93% and did not differ between females that
mated with experimental or control bucks. In
addition, and more importantly, the pregnancy
rates were higher than 78% and did not differ
between females that mated with experimental or
control bucks. Taken together, these results
confirm our hypothesis that daily alternation
between the same two sexually active bucks can
lead to successful fertilization of four groups of
progesterone-treated anovulatory females with a
male:female ratio of 1:18 or 19 and a seven-day
mating period in each group.

Ovulatory responses and pregnancy rates in does
housed with the experimental bucks can be
explained by several nonexclusive hypotheses.
Firstly, females in the present study were treated
with 25 mg of progesterone to trigger oestrous
behaviour at the first male-induced ovulation and
to induce a normal luteal phase, thus allowing
fertile copulations in the first seven days after
male introduction (Lassoued et al., 1995;
Gonzalez-Bulnes et al.,, 2006). Thus, the
proportions of pregnant females that mated with
the experimental bucks did not differ from those
that mated with the control bucks, indicating that
the mating activity of the experimental bucks

Table 2. Ovulations and pregnancy rates of anovulatory does housed with control or experimental
bucks. The two control bucks were housed with one group of does for seven days. The two
experimental bucks were successively housed with four groups of females for seven days per group. All
bucks were rendered sexually active by exposure to artificially lengthened days (16 h of light/8 h of
darkness per day) from 15 November to 15 January. Afterwards, the bucks were exposed to the

natural photoperiod until the end of study.

Goats housed with n *BC (Mean £ SEM)

Goats with ovulations

Pregnancy rates (%)

bucks (%)
Control 19 1.6+0.12 18/19 (95)? 15/19 (79)?
Experimental
G1 18 15+0.12 17/18 (94)? 15/18 (83)?
G2 18 1.4+0.12 18/18 (100) 2 16/18 (89)?
G3 18 15+0.12 17/18 (94)? 15/18(83)®
G4 19 15+0.12 19/19 (100) @ 16/19 (84) @

aSimilar superscripts within each column indicate no significant differences among groups (P > 0.05).

*Body Condition: scale 1 (very lean) to 4 (obese).
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with the three previous groups of females did not
reduce their fertility. Secondly, in the current
study, the bucks were alternated daily, which
allowed them to recover both sperm production
and sexual behaviour during the 24-h rest period,
enabling them to fertilize more females. Another
possibility is that in our study, each reintroduction
of bucks to each group of females increased their
mating activity, as previously reported (Bedos et
al., 2012). Finally, it is interesting to note that the
proportions of females that ovulated and became
pregnant when exposed to the experimental or
control bucks were similar to those reported with
a male:female ratio of ~1:10 and a mating period
of 15 days using sexually active bucks (Bedos et
al., 2012; Loya-Carrera et al., 2014). We can
therefore conclude that daily alternation of bucks
allowed them to fertilize more progesterone-
treated does.

The experimental bucks displayed more nudges
when housed with G3 and G4 does than the
control bucks. This result suggests that the sexual
behaviour of the control and experimental bucks
was similar at the beginning of the study.
Interestingly, among the experimental bucks, the
number of nudges increased over time; more
nudges were observed when the bucks were
housed with G2, G3, and G4 females than when
the bucks were housed with G1 females. It is
likely that the interaction of experimental bucks
with a greater number of new females increased
nudging behaviour, as previously reported (Bedos
et al., 2012). Another explanation for this finding
is that the experimental bucks rested for 24 h, and
in each reintroduction into the groups of females,
the females in oestrous may have stimulated the
sexual behaviour of the bucks via the "female
effect” (Walkden-Brown et al., 1994). A
complementary reason for this increased sexual
behaviour in males could be based on a kind of
"Coolidge effect", where the presentation of new
sexual partners stimulates sexual behaviour
(Brown, 1974). Taken together, our results
showed that nudging increased over time,
allowing bucks to stimulate reproductive activity
in four groups of seasonally anovulatory goats.

Replication of such experiments is difficult
because of their cost and it can be argued that
they cannot be extrapolated to the general goat
population on farms. This is true for a direct
inference. However, the demonstration here that
only 2 bucks are able to induce ovulations in
71/73 goats and fertilize 62 of them in a short
period of time, is clearly very positive and
suggests that this experiment should be repeated
on farms in the future to confirm that it can be
used by goat farmers.
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CONCLUSIONS

The results of the present study show that daily
alternation between two sexually active males
maintained high fertility rates in anovulatory
goats when males were housed with four groups
of does with a daily male:female ratio of 1:18 or
19 and a mating period of seven days. From a
practical standpoint, our results indicate that on
farms with few bucks, efficient management of
sexually active bucks is key to achieving a high
percentage of pregnant females.

Acknowledgements

The authors are grateful to Pedro Castillo for
facilitating the females used in the present study;
to Sergio Daniel Delgadillo and Nely Santos for
taking care of the bucks.

Funding. This research did not receive any
funding.

Conflicts of interest. The authors have no
conflict of interest to declare.

Compliance with ethical standards. The
experimental procedures used in the current study
followed the technical specifications of the
Official Mexican Rule for the production, care,
and use of laboratory animals (Secretaria de
Agricultura, Ganaderia, Desarrollo Rural, Pesca y
Alimentacion, 2001).

Data availability. The data that support the
findings of this study are available from the
corresponding  author  (joaldesa@yahoo.com)
upon reasonable request.

Author contribution statement (CRediT). L.A.
Espinoza-Flores, - Conceptualization,
Investigation and Data curation; J.A. Andrade-
Esparza - Conceptualization, Investigation and
Data curation; D. Lépez-Magafia-
Conceptualization,  Investigation and Data
curation; H. Hernéandez- Conceptualization and
Formal analysis; R. J. Vielma -
Conceptualization ~and  Methodology; L.
Zarazaga - Conceptualization and Methodology;
M. Keller - Conceptualization and Methodology;
P. Chemineau- Conceptualization and
Methodology; J.A. Delgadillo-Conceptualization,
Supervision, Resources and Project
administration; all authors participated in the
Writing - original draft and Writing — review &
editing.

REFERENCES

Bedos, M., Flores, J.A., Fitz-Rodriguez, G.,
Malpaux, B., Keller, M., Poindron, P.
and Delgadillo, J.A., 2010. Four hours of
daily contact with sexually active males
is suficient to induce fertile ovulation in
anestrous  goats. Hormones  and


mailto:joaldesa@yahoo.com

Tropical and Subtropical Agroecosystems 27 (2024): Art. No. 028

Behavior, 58, pp. 473-477.
http://doi.org/10.1016/j.yhbeh.2010.05.0
02

Bedos, M., Veldzquez, H., Fitz-Rodriguez, G.,

Flores, J.A., Herndndez, H., Duarte, G.,
Vielma, J.,, Fernandez, I|.G., Retana-
Marquez, M.S., Mufioz-Gutiérrez, M.,
Keller, M. and Delgadillo, J.A., 2012.
Sexually active bucks are able to
stimulate three successive groups of
females per day with a 4-hour period of
contact. Physiology and Behavior, 106,
pp. 259-263.
http://doi.org/10.1016/j.physbeh.2012.02
.015

Brown, R.E., 1974. Sexual arousal, the Coolidge

Carrillo,

Chasles,

effect and dominance in the rat (Rattus
Norvegicus). Animal Behavior, 22, pp.
634-637. http://10.1016/S0003-
3472(74)80009-6

E., Véliz, F.G., Flores, JA. and
Delgadillo, J.A., 2007. EIl decremento en
la proporcion  macho-hembras no
disminuye la capacidad para inducir la
actividad estral de cabras anovulatorias.
Técnica Pecuaria México, 45, 319-328.

M., Chesneau, D., Moussu, C.,
Delgadillo, J.A., Chemineau, P. and
Keller, M., 2016. Sexually active bucks
are efficient to stimulate female
ovulatory activity during the anestrous
season also under temperate latitudes.
Animal Reproduction Science, 168, pp.
86-91.
http://doi.org/10.1016/j.anireprosci.2016.
02.030

Delgadillo, J.A., Canedo, G.A., Chemineau, P.,

Guillaume, D. and Malpaux, B., 1999.
Evidence for an annual reproductive
rhythm independent of food availability
in male creole goats in subtropical
northern Mexico. Theriogenology, 52,
pp. 727-737.
http://doi.org/10.1016/S0093-
691X(99)00166-1

Delgadillo, J.A., Flores, J.A. Véliz, F.G,

Hernandez, H., Duarte, G., Vielma, J.,
Poindron, P., Chemineau, P. and
Malpaux, B., 2002. Induction of sexual
activity in lactating anovulatory female
goats using male goats treated only with
artificially long days. Journal of Animal
Science, 80, pp. 2780-2786.
http://doi.org/10.2527/2002.80112780x

Delgadillo, J.A., Cortez, M.E., Duarte, G,

Chemineau, P. and Malpaux, B., 2004.

Espinoza-Flores et al., 2024

Evidence that the photoperiod controls
the annual changes in testosterone
secretion, testicular and body weight in
subtropical male goats. Reproduction,
Nutrition and Development, 44, pp. 183-
193. http://doi.org/10.1051/rnd:2004024

Delgadillo, J.A., 2011. Environmental and social

cues can be used in combination to
develop sustainable breeding techniques
for goat reproduction in the subtropics.
Animal, 5, pp. 74-81.
http://doi.org/10.1017/S17517311100014
00

Duarte, G., Nava-Hernandez, M.P., Malpaux, B.

and Delgadillo, J.A., 2010. Ovulatory
activity of female goats adapted to the
subtropics is responsive to photoperiod.
Animal Reproduction Science, 120, pp.
65-70.

http://doi.org/10.1016/j.anireprosci.2010.
04.004

Gonzalez-Bulnes, A., Carrizos, J.A., Urrutia, B.

and Lopez-Sebastian, A., 2006. Oestrous
behaviour  and development  of
preovulatory follicles in goats induced to
ovulate using the male effect with and
without progesterone priming.
Reproduction, Fertility and
Development, 18, pp.  745-750.
http://doi.org/10.1071/RD06003

Lassoued, N., Khaldi, G., Cognié¢, Y., Chemineau,

P. and Thimonier, J., 1995. Effet de la
progestérone sur le taux d ovulation et la
durée du cycle ovarien induits par effet
male chez la brebis Barbarine et la
chevre locale tunisienne. Reproduction,
Nutrition and Development, 35, pp. 415-
26. http://doi.org/10.1051/rnd:19950406

Lightfoot, R.J. and Smith, J.A.C., 1968. Studies

on the number of ewes joined per ram for
flock matings under paddock conditions.
I. Mating behaviour and fertility.
Australian  Journal of  Agriculture
Research, 19, pp. 1029-1042.
http://doi.org/10.1071/AR9681029

Loya-Carrera, J., Bedos, M., Ponce-Covarrubias,

J.L., Hernandez, H., Chemineau, P.,
Keller, M. and Delgadillo, J.A., 2014.
Switching  photo-stimulated ~ males
between groups of goats does not
improve the reproductive response
during the male effect. Animal
Reproduction Science, 146, pp. 21-26.
http://doi.org/10.1016/j.anireprosci.2014.
02.002



http://doi.org/10.1016/j.yhbeh.2010.05.002
http://doi.org/10.1016/j.yhbeh.2010.05.002
http://doi.org/10.1016/j.physbeh.2012.02.015
http://doi.org/10.1016/j.physbeh.2012.02.015
http://10.0.3.248/S0003-3472(74)80009-6
http://10.0.3.248/S0003-3472(74)80009-6
http://doi.org/10.1016/j.anireprosci.2016.02.030
http://doi.org/10.1016/j.anireprosci.2016.02.030
http://doi.org/10.1016/S0093-691X(99)00166-1
http://doi.org/10.1016/S0093-691X(99)00166-1
http://doi.org/10.2527/2002.80112780x
http://doi.org/10.1051/rnd:2004024
http://doi.org/10.1017/S1751731110001400
http://doi.org/10.1017/S1751731110001400
http://doi.org/10.1016/j.anireprosci.2010.04.004
http://doi.org/10.1016/j.anireprosci.2010.04.004
http://doi.org/10.1071/RD06003
http://doi.org/10.1051/rnd:19950406
http://doi.org/10.1071/AR9681029
http://doi.org/10.1016/j.anireprosci.2014.02.002
http://doi.org/10.1016/j.anireprosci.2014.02.002

Tropical and Subtropical Agroecosystems 27 (2024): Art. No. 028

National Research Council, 2007. Nutrient
requirements of small ruminants:; sheep,
goats, cervids, and new world camelids.
(National Academies Press: Washington,
DC, USA).

Secretaria de Agricultura, Ganaderia, Desarrollo
Rural, Pesca y Alimentacion, 2001.
Especificaciones  técnicas para la
produccion, cuidado y uso de los
animales de laboratorio, diario oficial de
la federacion. Agricultura, Ganaderia,
Desarrollo Rural, Pesca y Alimentacion,
México, Mexico.

Signoret, J.P., Fulkerson, W.J. and Lindsay, D.R.,
1982. Effectiveness of testosterone-
treated wethers and ewes as teasers.
Applied Animal Ethology, 9, pp. 37-45.
http://doi.org/10.1016/0304-

3762(82)90164-x

Simaes, J., Almeida, J.C., Baril, G., Azevedo, J.,
Fontes, P. and Mascarenhas, R., 2007.
Assessment of luteal function by
ultrasonographic appearance and
measurement of corpora lutea in goats.
Animal Reproduction Science, 97, pp.
36-46.
http://doi.org/10.1016/j.anireprosci.2006.
01.006

System  Statistics, 2009. Cranes Software
International Ltd., San Jose, CA, USA.

Walkden-Brown, S.W., Restall, B.J., Norton,
B.W. and Scaramuzzi, R.J., 1994. The
"female effect" in Australian cashmere
goats: effect of season and quality of diet

Espinoza-Flores et al., 2024

on the LH and testosterone response of
bucks to oestrous does. Journal of
Reproduction and Fertility, 100, pp. 521-
531. http://doi.org/10.1530/jrf.0.1000521

Walkden-Brown, S.W., Restall, B.J., Scaramuzzi,

R.J., Martin, G.B. and Blackberry, M.A_,
1997. Seasonality in male Australian
cashmere goats: long term effects of
castration and testosterone or oestradiol
treatment on changes in LH, FSH and
prolactin  concentrations, and body
growth. Small Ruminant Research, 26,
pp. 239-252.
http://doi.org/10.1016/s0921-
4488(97)00017-5

Zarazaga, L.A., Gatica, M.C., Gallego-Calvo,

M.L. and Guzman, J.L., 2018. When
using photostimulated bucks to induce
the male effect in female goats living at
Mediterranean latitudes, a male:female
ratio of 1:20 is optimum. Journal of
Applied Animal Research, 46, pp. 883-
887.
http://doi.org/10.1080/09712119.2017.14
18669

Zarazaga, L.A., Gatica, M.C., Hernandez, H.,

Chemineau, P., Delgadillo, J.A. and
Guzmén, J.L., 2019. Photoperiod-treated
bucks are equal to melatonin-treated
bucks for inducing  reproductive
behaviour and physiological functions
via the “male effect” in Mediterranean
goats. Animal Reproduction Science,
202, pp. 58-64.
http://doi.org/10.1016/j.anireprosci.2019.
01.008



http://doi.org/10.1016/0304-3762(82)90164-x
http://doi.org/10.1016/0304-3762(82)90164-x
http://doi.org/10.1016/j.anireprosci.2006.01.006
http://doi.org/10.1016/j.anireprosci.2006.01.006
http://doi.org/10.1530/jrf.0.1000521
http://doi.org/10.1016/s0921-4488(97)00017-5
http://doi.org/10.1016/s0921-4488(97)00017-5
http://doi.org/10.1080/09712119.2017.1418669
http://doi.org/10.1080/09712119.2017.1418669
http://doi.org/10.1016/j.anireprosci.2019.01.008
http://doi.org/10.1016/j.anireprosci.2019.01.008

