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Abstract 

In goats, the permanent presence of bucks rendered sexually active by 

photoperiodic treatments, prevents the occurrence of seasonal anovulation, and 

the introduction of these sexually active bucks, induce ovulations during the 

seasonal anestrus. We used ovariectomized goats bearing subcutaneous 

implants filled or not with estradiol to determine 1) whether the permanent 

presence of sexually active bucks prevents the decrease of LH during the 

seasonal anestrus, and 2) whether the introduction of photostimulated bucks 

increases the plasma LH concentrations during the seasonal anestrus. In 

Experiment 1, we used ovariectomized goats bearing 12-mm subcutaneous 

implants containing estradiol (OVX+E2). One group of goats (n=13) remained in 

permanent contact with naturally (November-January) or photostimulated, 

sexually active bucks (February-May); the other group (n=13) remained in 

permanent contact with control bucks which displayed intense (November-

January) or weak sexual behavior (February-May). Plasma LH concentrations 

were high and did not differ between groups from November to January 

(P>0.05), when control bucks displayed intense sexual behavior. Afterwards, LH 

concentrations decreased from March (P < 0.05), and remained low until May, 

when control males displayed weak sexual behavior. On the contrary, LH 

concentrations did not decrease and remained high from March to May in goats 

in contact with the photostimulated bucks (P > 0.05). In Experiment 2, two 

groups of females (n=6 each) bearing 12-mm empty subcutaneous implants 

were exposed, during the seasonal anestrus, to control or photostimulated 

bucks; two other groups (n=6 each) bearing 12-mm subcutaneous implants filled 



with estradiol, were also exposed to control or photostimulated bucks. Plasma 

LH concentrations did not increase in goats bearing empty implants, when 

exposed to control (from 2.01 ±  0.26 to 1.98 ± 0.31 ng/mL) or photostimulated 

bucks (from 2.45 ±  0.29 to 2.42 ±  0.21 ng/mL; P > 0.05). In contrast, plasma 

LH concentrations increased (from 0.97 ± 0.41 to 2.80 ± 0.62 ng/mL) in goats 

exposed to the photostimulated bucks and bearing estradiol implants (P < 0.05). 

We conclude that the permanent presence of sexually active bucks prevented 

the decrease of plasma LH concentration in OVX+E2 goats during the seasonal 

anestrus, and that the introduction of the photostimulated bucks increases the 

plasma LH concentrations in OVX+E2 goats during the seasonal anestrus. 

 

Keywords: Caprine, Reproductive seasonality, Estradiol feedback, Sexual 

behavior, Photoperiod. 

 

 

 

 

 

 

 

 



1. Introduction 

 Breeds of goats and sheep from subtropical and temperate latitudes 

display a seasonality of their breeding season [1,2]. In these breeds, the 

breeding season occurs in autumn and winter, whereas seasonal anovulation 

occurs in spring and summer [3,4]. This seasonality of reproduction is controlled 

by photoperiodic variations, which modify the estradiol negative feedback on LH 

secretion. In fact, the estradiol negative feedback increases during long days, 

reducing the secretion of LH, inhibiting ovulations to occur, or reducing the 

plasma LH concentrations in ovariectomized females bearing subcutaneous 

implants of estradiol-l7 ß (OVX+E2) [3,5,6]. 

In seasonal breeds of goats and sheep, the introduction of males into a group of 

seasonally anovulatory females reactivates the secretion of LH, leading to 

ovulation within the first five days of contact [7–9]. A factor that can modify the 

response of females exposed to males is the intensity of male sexual behavior. 

Thus, males submitted to photoperiodic treatments to stimulate their sexual 

behavior during the non-breeding season, are more efficient to stimulate LH 

secretion and ovulations, than untreated males displaying low sexual behavior 

[10,11]. Interestingly, in goats and ewes, the permanent presence of 

photostimulated males, prevents the seasonal anovulation to occur, and extend 

their estrus activity during the seasonal anestrus, respectively [12,13]. 

Considering that the permanent presence of the sexually active males prevents 

the seasonal anovulation, and that the introduction of the photostimulated bucks 

stimulates the ovulatory activity in goats during the seasonal anestrus, we 



hypothesized that in both cases, the photostimulated bucks are able to reduce 

or counterbalance the seasonal negative feedback of estradiol on LH secretion. 

To test this possibility, we did two experiments. In Experiment 1, OVX+E2 

remained in permanent presence with control or sexually active bucks from 

November to May, and we monitored whether the permanent presence of the 

photostimulated bucks could be able to maintain high LH plasma concentrations 

despite the inhibitory effect of the increasing days, as it did for maintaining 

ovulations in entire goats [12]. In Experiment 2, OVX female goats bearing 

subcutaneous implants with or without estradiol, were suddenly exposed to 

control or photostimulated bucks during the seasonal anestrus, and we 

monitored whether the introduction of the photostimulated bucks could be able 

to increase the plasma LH plasma concentrations despite the inhibitory effect of 

the increasing days, as it did for inducing ovulations in entire goats [14,15]. 

 

2. Materials and methods 

 

2.1 General conditions 

 The procedures used in these studies were in strict accordance with the 

Official Mexican Rule for the technical specifications for the production, care, 

and use of laboratory animals [16]. The two experiments were conducted in the 

Laguna region (latitude 26° 23´N, longitude 104° 47´ W), State of Coahuila, in 

northern Mexico. The photoperiod in this region varies from 13 h 41 min of light 

at the summer solstice, to 10 h 19 min of light at the winter solstice. In both 

studies, all females and males were fed with 2 kg of alfalfa hay (18% CP) and 



200 g of commercial concentrate feed (14% CP; 1.7 Mcal/kg), with water and 

mineral blocks ad libitum. Males and females were kept in shaded open pens. 

All males used in this study had previous sexual experience. Female goats were 

three-year old and multiparous. Females were ovariectomized in February to 

standardize their physiological state according to the method described 

previously [17,18]. Immediately following ovariectomy, each goat received a 

silastic subcutaneous implant of 12-mm of long containing crystalline estradiol-

17ß (Sigma Chemical Co., Strasbourg; internal diameter 3.35 mm and external 

diameter 4.65 mm) to avoid an increase of LH secretion due to the absence of 

endogenous estradiol [3,19]. 

2.2 Experiment 1 

The objective of Experiment 1 was to determine the plasma LH 

concentrations in OVX+E2 goats that remained in continuous presence of 

control or sexually active bucks from November to May. 

 

2.2.1 Stimulation of sexual behavior of males by photoperiodic treatments 

Control males were subjected to natural photoperiodic conditions (n=8). 

These males displayed intense sexual behavior from November to January, and 

low sexual behavior from February to May. Another two groups of males were 

subjected to natural photoperiodic conditions, and received two subcutaneous 

ear-implants containing 18 mg of melatonin (MELOVINE® CEVA Santé Animale, 

France) from July 15th to September 15th (Photostimulated males-1; n=2), or 

from September 1st to October 31st (Photostimulated males-2; n=2). After 



removal of the subcutaneous implants of melatonin, these four bucks were 

exposed to 2.5 mo of artificial long days as described previously [12]. These 

photostimulated males displayed an intense sexual behavior 1.5 mo after the 

end of artificial long days, and during about 2.5 mo [11,12]. Therefore, the 

photostimulated males-1, were sexually active from mid-January until March, 

whereas the photostimulated males-2, were sexually active from March until 

May. 

 

2.2.2 Preparation of females and experimental design 

We used 26 OVX+E2 female goats. All these females received a silastic 

subcutaneous implant of 12-mm containing estradiol. The females were divided 

into two groups (n=13 each) balanced for body condition score (BCS: 1= very 

thin, 4= fat; [20]; 3.0 ± 0.2 and 2.9 ± 0.1, respectively; Mean ± SEM). From 

November 5th to January 31st, both groups of females were in contact with 

control males, which displayed intense sexual behavior (n=2 each). Then, on 

February 1st, one group was put in contact with the photostimulated males-1 

(n=2), and on March 29th, these males were replaced with the photostimulated 

males-2, which remained with females until May 21st (n=2). In the other group, 

control males were replaced by new control ones on the same dates as in the 

other group, to avoid a possible effect of the introduction of novel males (n=2 

each time). 

 

 



2.2.3 Measurements 

In females, plasma LH concentration was determined three times per wk. All 

blood samples were collected by jugular venipuncture in tubes containing 30 µL 

of heparin. After collection, the samples were centrifuged immediately at 3500 x 

g for 30 min, and the plasma samples obtained were stored at -20°C until 

assayed by RIA, according to Faure et al. [21]. All samples were run in a single 

assay. Sensitivity was 0.1 ng/mL and the intra-assay CV was 6.2 %.  

In bucks, sexual behavior was assessed by direct observation once a month at 

from 8:00 to 8:15 [22,23]. However, we showed only the results of nudging, 

because is a reliable variable of the sexual activity of bucks [15]. 

 

2.2.4 Statistical Analyses 

LH concentrations were analyzed with an ANOVA for repeated measures 

with two factors (sexual condition of males and time). Comparisons between 

each point of sampling in females in contact with photostimulated or control 

bucks in breeding season or seasonal anestrus were analyzed with a two-

sample t-test. Comparisons of mean LH plasma concentrations between 

breeding season and seasonal anestrus periods in each group were made 

through paired t-test. The analyses were computed using the statistical package 

SYSTAT 13 [24]. Differences were considered significant at the level of P ≤ 

0.05. 

 

 



2.3 Experiment 2 

The objective of Experiment 2 was to determine the LH plasma concentration in 

OVX female goats bearing 12-mm subcutaneous implants containing or not 

estradiol-l7ß and exposed to control or photostimulated bucks during the 

seasonal anestrus. 

 

2.3.1 Stimulation of sexual behavior of males by a photoperiodic treatment 

The control bucks were subjected to natural photoperiodic conditions, and 

displayed low sexual behavior during the study (n=2). The bucks were rendered 

sexually active by exposure to long days as described previously (n=2) [11,25]. 

Briefly, these bucks were exposed to 2.5 mo of artificial long days (16 h of light/8 

h of darkness) from November 1st to January 16th; then, they were exposed to 

natural variations of day-length until the end of the study. This photoperiodic 

treatment stimulates testosterone secretion during March and April and, 

therefore, improves significantly the intensity of their sexual behavior during the 

non-breeding season [11,25].  

 

2.3.2 Preparation of females  

We used OVX female goats (n=24). On April 1st, females were divided into 

two groups (n=12 each) balanced for body condition score: i) females that 

received an empty silastic subcutaneous implant of 12-mm (BCS: 2.8 ± 0.1), and 

ii) females that received silastic subcutaneous implants of 12-mm filled with 

crystallized estradiol-17ß (BCS: 2.9 ± 0.2; n=12).  

 



 

2.3.3 Male effect 

On April 11 at 13:00, females were exposed to males. Half of each female 

group (empty or E2 implants) was exposed to control bucks (n=2) or to 

photostimulated bucks (n=2), resulting on four subgroups: i) OVX goats + control 

bucks; ii) OVX goats + photostimulated bucks; iii) OVX+E2 goats + control 

bucks; iv) OVX+E2 goats + photostimulated bucks. Each subgroup was isolated 

from the others (> 200 m). The bucks remained in contact with does until next 

day at 19:00. 

 

2.3.4 Measurements 

 In females, plasma LH concentrations were determined every 15 min 

from 6 h before (7:00-13:00) to 6 h after (13:15-19:00) the introduction of bucks. 

Plasma LH concentration was also measured the next day during 6 h every 15 

min, from 13:00 to 19:00 to evaluate whether any effect occurring just after the 

introduction of bucks would remain for a longer duration. All blood samples were 

collected, and LH was determined as described in Experiment 1. The sensitivity 

of the LH assay was 0.1 ng/mL and the intra-assay CV was 5.5 %. All samples 

were run in a single assay. 

 In bucks, sexual behavior was individually recorded during 15 min (from 

13:00 to 13:15) after their introduction into the groups of females, and the next 

day at the same hour and for the same duration. 

 

 



2.3.5 Statistical Analyses 

With the aim to approximate data to a normal distribution, the statistical 

analyses were made with logarithm values and presented in real values. Data of 

plasma LH concentrations were analyzed by an ANOVA for repeated measures 

with two factors. In addition, we calculated the mean concentration by time 

windows of 6 h (6 h before introduction of males, 6 h after introduction of males, 

and 6 h the next day after introduction of males) for each type of implant and 

comparisons between types of males (control and photostimulated) within each 

group were made by using an independent t-test. The evolution of mean plasma 

LH concentrations within each group by type of male was analyzed by a paired 

t-test. Mean LH concentrations before introduction of bucks were compared 

between different types of implants and types of males using an ANOVA. When 

significant differences were determined, comparisons between subgroups were 

carried out using the Fisher LSD post-hoc test. The comparisons of the mean 

LH concentration from the three time windows into each type of implant were 

made through paired t-test. The analyses were computed using the statistical 

package SYSTAT 13 [24]. Differences were considered significant at the level of 

P ≤ 0.05. 

 

 

 

 

 

 



3. Results 

 

3.1 Experiment 1 

 

3.1.1 Plasma concentrations of LH in goats permanently exposed to sexually 

active vs. sexually inactive bucks 

 

The plasma LH concentrations varied according to time (time effect: F80,1920 

= 12.095, P = 0.0001). In addition, there was an interaction between time and 

groups of goats exposed to control or photostimulated males (F80,1920 =  7.822, P 

= 0.0001). The plasma LH concentrations of goats were high and did not differ 

from November to February, independently if they were exposed to control or 

photostimulated bucks (F1,24 = 0.652, P = 0.428). On the contrary, the plasma 

LH concentrations differed between groups from March 14th until the end of 

study (F1,24 = 19.472, P = 0.0001). In fact, in goats in contact with control males, 

plasma LH concentrations decreased from March to May (P = 0.001), whereas 

in goats in contact with photostimulated males, plasma LH concentrations 

remained high during the same period (P = 0.101; Figure 1). 

 

 

3.1.2 Sexual behavior of males 

Control males displayed high frequencies of nudging from November to 

January. Thereafter, the number of nudging decreased in February and March, 

and none nudging behavior was registered in April and May. On the contrary, 



photostimulated males displayed high frequencies of nudging from February to 

May (Figure 2). 

 

 

3.2 Experiment 2 

 

3.2.1 Plasma concentrations of LH in goats exposed to sexually active versus 

inactive bucks  

 

Prior to the introduction of bucks, mean plasma LH concentrations were 

lower in goats bearing the implants with estradiol (around 2-2.5 ng/mL), than in 

those bearing the empty implants (around 1 ng/mL, F3,20 = 4.370, P = 0.016; 

Figure 3; Table 1). 

During the first 6 h after male introduction, a strong effect of the type of 

males on LH plasma concentration was observed (control vs photostimulated, 

F3,15 = 6.442, P = 0.020), but not with type of estradiol implants (F3,15 = 2.671, P 

= 0.118). In fact, in goats bearing the empty implant, mean plasma LH 

concentrations did not differ among those exposed to control or photostimulated 

males (P = 0.187; Table 1). In contrast, in goats bearing estradiol implants, 

plasma LH concentrations were higher in females exposed to photostimulated 

males than in those exposed to control ones (P = 0.047; Table 1). 

On the following day after male introduction, plasma LH concentrations in 

goats bearing empty implant did not differ between females exposed to 

photostimulated or control males (P = 0.072). In contrast, in goats bearing 



estradiol implants, LH concentrations were higher in females exposed to 

photostimulated males than in those exposed to control males (P = 0.039; Table 

1). 

In goats bearing the empty implants, the mean LH plasma concentrations did 

not increase after the introduction of the control or photostimulated males 

compared with levels registered prior the introduction of males (P = 0.652 and P 

= 0.746 respectively). However, in these females, the plasma LH concentrations 

decreased one day after the introduction of the control bucks (P = 0.01; Table 

1). Finally, in goats bearing the estradiol implants, the mean LH plasma 

concentrations were only increased after the introduction of photostimulated but 

not after control ones (P = 0.047 and P = 0.062, respectively). Those 

concentrations remained elevated 24 h later in goats exposed to 

photostimulated males (P = 0.831) and unchanged in females exposed to 

control males (P = 0.518). 

 

3.2.2 Sexual behavior of males 

Sexual behavior of males, appreciated by the mean number of nudgings, 

when introduced in the groups of females and the following day to introduction, 

was much higher in photostimulated bucks than in control ones (38 ± 5 vs. 0 in 

both days). 

 

 

 

 



4. Discussion 

In the present studies, we hypothesized that the permanent presence of 

the photostimulated buck or the sudden introduction of these bucks would 

counterbalance the negative feedback of estradiol on LH secretion in seasonally 

anestrus goats, resulting in the maintenance of high plasma LH concentrations, 

or increasing plasma LH concentrations during the seasonal anestrus. 

Therefore, in Experiment 1, the continuous presence of -naturally and 

photostimulated- sexually active males enabled the females to maintain high 

plasma LH concentrations from March to May, months corresponding to the 

seasonal anestrus. In contrast, the LH concentrations decreased from March, 

and remained low until May in females in contact with the control, and therefore, 

sexually inactive males. In Experiment 2, the introduction of the photostimulated 

bucks stimulated the LH secretion in OVX+E goats bearing a subcutaneous 

estradiol implant, but not in those exposed to the control males. Taken together, 

the present results confirm our initial hypothesis and strongly suggest that the 

intensity of the sexual behavior of males is an important element to control the 

seasonal variations of LH secretion in goats, probably by counterbalancing the 

negative feedback exerted by estradiol on LH secretion. 

In Experiment 1, the plasma LH concentrations decreased during the 

seasonal anestrus in goats in permanent presence of the control bucks. This 

decrease of LH concentrations occurred when the sexual behavior of control 

males also decreased. Our findings coincide with previous ones described in 

OVX+E goats and ewes in contact with males or isolated from them 

[3,19,26,27]. In our study, the decrease of LH concentrations during the 



seasonal anestrus, was probably induced by the installation of the estradiol 

negative feedback on LH secretion, as reported previously in goats and ewes 

[28–30].  Contrary to what was observed in females in contact with control 

males, the seasonal decrease of LH concentrations was prevented by the 

presence of the photostimulated bucks, which displayed high sexual behavior 

from February to May. Our findings strongly suggest that the permanent 

presence of males displaying intense sexual behavior is an important key to 

prevent the installation of the negative feedback of estradiol on LH secretion, 

allowing LH concentrations to remain high during the anestrus season. This 

hypothesis is supported by the fact that the permanent presence of the sexually 

active males prevents the display of seasonal anovulation in intact goats, 

whereas the presence of the sexually inactive males did not do so [12]. The 

effect of permanent presence of the sexually active males is probably exerted at 

the central level in the nervous system, downstream to the inhibitory effect of 

photoperiod. 

In Experiment 2, the patterns of plasma LH concentrations differed 

between goats bearing estradiol o empty implants, and exposed to control or 

photostimulated males. Prior the introduction of control or photostimulated 

males, LH concentrations was lower in goats bearing the estradiol implants than 

in those bearing empty implants. The difference between groups on LH 

concentrations could be directly related to the presence of estradiol. Indeed, in 

ovariectomized goats or ewes that did not receive any estradiol treatment, the 

plasma concentrations of LH during the seasonal anestrus are higher than in 

those bearing estradiol implants [3,30]. Therefore, our findings clearly indicate 



that the estradiol implants of 12-mm released enough estradiol to reduce the LH 

secretion during the seasonal anestrus.    

In our study, plasma LH concentration increased significantly in goats 

bearing the estradiol implants and exposed to the sexually active bucks, but not 

to control males. The stimulation of LH secretion in goats exposed suddenly to 

photostimulated bucks occurred probably because these males were able to 

counterbalance the negative feedback of estradiol on LH secretion, whereas the 

control males did not do so. Is important to notice that contrary to what was 

observed in goats bearing the estradiol implants, in goats bearing the empty 

implant, the LH concentration did not increase after introduction of control or 

photostimulated bucks. Our results concerning goats bearing the empty implant 

agree with those reported in ovariectomized ewes exposed to rams [31]. 

Therefore, it appears that in OVX goats or ewes bearing empty implant, the 

introduction of males did not stimulate LH secretion because in these females 

the LH concentrations are already high, due to the absence of a negative 

feedback of estradiol on LH secretion. 

Globally, our findings strongly suggest that only sexually active males can 

inhibit or dramatically reduce the negative feedback of estradiol on LH secretion 

during seasonal anestrus. Our results may also suggest that the sexually active 

males reactivate the gonadotropic axis along the upstream steps of the GnRH 

neurons, maybe via kisspeptin signaling which directly controls GnRH release in 

various mammals [32]. Indeed, in goats, a pool of kisspeptinergic neurons 

located in the arcuate nucleus acts like a pulse generator that controls the 

release of GnRH at the level of the median eminence [33]. In ewes, 



kisspeptinergic neurons of the preoptic area and arcuate nucleus express 

estrogen receptor alpha [34]. Interestingly, it appears that the kisspeptinergic 

neurons are implicated in the negative feedback of estrogens in seasonal ewes 

[35]. Firstly, they observed that the expression of kisspeptin in the arcuate 

nucleus is decreased when estrogens are administrated, suggesting that the 

kisspeptinergic neurons mediate the negative feedback of estrogens on GnRH 

secretion [35]. Secondly, they demonstrated that the expression of kisspeptin in 

the arcuate nucleus of ewes is increased during the breeding season in 

comparison with the anestrus season [35,36]. Finally, De Bond et al. [37] 

demonstrated that the introduction of a ram among a group of anovulatory 

females induces the activation of GnRH cells in the medial preoptic area and 

kisspeptin cells in the arcuate nucleus as evidenced by the higher number of 

cells that expressed the marker of cellular activation c-Fos in GnRH and 

kisspeptin cells, respectively. A recent study in goats also observed that neurons 

of the arcuate nucleus are activated by the introduction of a sexually active buck 

[38]. As a whole, it is likely that the estrogen feedback takes place at the level of 

kisspeptinergic neurons, and that sexually active bucks are able to activate this 

pool of neurons to counterbalance the enhanced negative feedback of estrogens 

during the seasonal anestrus in goats.  

We conclude that in OVX+E2 goats, the permanent presence of the sexually 

active males maintain high the plasma LH concentrations during the seasonal 

anestrus, and that the sudden introduction of these sexually active males 

increases the plasma LH concentrations during the seasonal anestrus. These 

findings strongly suggest that the sexually active males can significantly 



counterbalance the negative feedback of estradiol on LH secretion. The current 

results and those of Delgadillo et al. [12] increase our knowledge concerning the 

mechanisms involved in the control of the annual rhythm of reproduction of 

goats, mainly, to the importance of the intensity of the sexual behavior of males.  
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a,b
Different letters indicate significant difference between groups of femeales before 

the introduction of bucks (P<0.05; Fisher LSD test).
 
 

c,d,e
Different letters indicate significant difference between groups of females bearing 
different type of implants, and exposed to control or photostimulated bucks 
(P<0.05; Two simple t-test)  

*Indicate significant difference within the same rows (P<0.05; Paired t-test) 

Table 1. Plasma LH concentrations (ng/mL; Mean ± SEM) of OVX female goats 
bearing subcutaneous implants containing or not estradiol 17-β estradiol, and 
exposed to control or photostimulated bucks. Control bucks remained under natural 
photoperiodic conditions and displayed low sexual behavior during the study. 
Photostimulated bucks were rendered sexually active by exposure to 2.5 mo of long 
days from November 1st (16 h of light per day), followed by natural photoperiodic 
conditions, and displayed high sexual behavior during the study. 



Figure legends 

 
Figure 1. Plasma LH concentrations (ng/mL; Mean ± SEM) of OVX goats 

bearing 12-mm subcutaneous implants containing estradiol-17 β. Both 

groups of goats remained in permanent contact with control bucks from 

November to January, when displayed high sexual behavior. Afterwards, 

from February to May, one group of goats continued in contact with control 

bucks, which displayed low sexual behavior (○), whereas the other group 

was put in permanent contact with the photostimulated bucks, which 

displayed high sexual behavior from February to May (●). Photostimulated 

received subcutaneous melatonin ear-implants during 2 months, followed by 

exposure to 2.5 mo of long days from November 1st (16 h of light per day), 

and natural photoperiod conditions.  

*Indicate significant difference between groups in each sampling point.   

 

Figure 2. Mean (± SEM) monthly number of nudging per test of 15 min of 

control and photostimulated bucks (n= 2 each month). Control males 

displayed high sexual behavior from November to January, which decreased 

from February to May (□). Photostimulated bucks displayed high sexual 

behavior from February to May (■). Photostimulated bucks were rendered 

sexually active by exposure to 2.5 mo of long days from November 1st (16 h 

of light per day), followed by natural photoperiod conditions. 

 

 



Figure 3. Plasma LH concentrations (ng/mL; Mean ± SEM) of OVX female 

goats bearing 12-mm subcutaneous implants containing or not estradiol-17 

β, and exposed to control (○) or photostimulated bucks (●). Control bucks 

remained under natural photoperiodic conditions and displayed low sexual 

behavior during the study. Photostimulated bucks were rendered sexually 

active by exposure to 2.5 mo of long days from November 1st (16 hours of 

light per day), followed by natural photoperiod conditions, and displayed 

high sexual behavior during the study. 

↓
 Indicate the moment of introduction of males in each group. 
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