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Abstract:

Goats are seasonal breedersh the main cue controlling the timing of breegliseason being
photoperiod Hence, the season of birth impacts puberty orsggtng-born goats reach puberty in
autumn, at 7 months of age, while autumn-born goaésh puberty at 1 year during the next
reproductive season. The aim of this study wasterthine whether exposure of autumn-born young
femalesto sexually-active males could counteract the delgyuberty onset observed in autumn-born
goats. Females exposed to sexually-active maleB) (reached puberty earlier than isolated females
(n=8); with exposed females ovulatingt a mean age of 3.5 months. To our knowledge, such
precocious puberty onset obtained through sociahutition has never been described in the
literature. Moreover, thosexposed femaleaxhibitedestrusbehavior for most ovulation®ur results
indicate that, in goats born out-of-season, exmosusexually-active buck is really efficient talirce

an early puberty, suggesting that social interasticould have a crucial impact in the regulation of

pubertal transition.

Highlights:

» Exposure to sexually-activmicks is a highly efficient watp induce ovulations in young does
* Puberty can be inducéxy exposure to malas early as 3.5 months in young female goats

» Exposure to sexually-active bucks failedorevent a return to anestrangyoung does
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1 Introduction

The pubertal transition is a key period which marks beginning of the reproductive life.
During this period, the hypothalamic-pituitary-gda&(HPG) axis that remained quiescent siaaey
post-natal lifeis reactivated and individuals acquire the phygimlal and behavioral ability for
reproduction. For females, puberty is usually dalims the occurrence of the first ovulation [1]eTh
HPG axis is highly sensitive to internal and exéérfiactors [2],with one of the most important cues
being photoperiod.

Small ruminants are seasonal breeders; alpine dgegisunder temperate latitudes exhibit a
succession oéstrusand ovulatory cycles from early autumn to late eini3]. Alpine bucks also
display seasonal variation of their sexual actiwityh a breeding period starting late summer and
finishing late winter [4]. For those seasonal bexed photoperiod does not only affect adults’
reproductive functions but it also influences thartsof the reproductive life of each individual by
regulating the onset of puberty. It has been shthah under both temperate [5] and subtropical [6]
latitudes, puberty will occur only during the breegiseason. So, for females, the age at first diaula
depends on their month of birth: spring-born goatched puberty around 7 months of age during the
normal season of sexual activity, while does barmaf-season (autumn) reach puberty only around 1
year of age, due to the inhibitory effexft photoperiod on reproductidn spring and summer [5,6].

Therefore, out-of-season birth induces a significktay of puberty of 5 months.

While photoperiod is considered to be the main environalecue regulating reproductive
functions in seasonal breeders, other factors asdwocial interactions can also play an importalet r
In small ruminants, the possibility to regulate reguction by socio-sexual signals is well known,
especially the capacity of a male to induce ovafatwhen introduced into a group of anestrous
females [7,8]. This phenomenoazlled the « male effect shas been well characterized in goats,
highlighting that the main limiting factor for arffieient male-effect is the level of sexual actyibf
bucks [9]. The use of photo-stimulated bucks ingesasignificantly the success of the male-effect.
The percentage of ovulatory females drops from @%-@ising photo-stimulated bucks to 5-10% using
non-stimulated bucks [10-13]. Hence, in goats,répoductive axis of females seems to be highly
sensitive to signals provided by bucks.

Some studies reported that the presence of maldgd atso affect the onset of puberty of young
females [ewes: 14-16; goats: 17,18]. This hightigtitat social factors can affect the immature
gonadotropic axis by inducing its precocious reatibn. In goatsthe level of sexual activity of
males is crucial to induce precocious puberty inngfemales, as exposure to castrated buckstiils
impact the age at puberty [18]. Nevertheless, mbshe studies investigating pubertal induction in
ruminants were conducted with spring-born youngdies, sdittle information is available about the
possibility of modifyingthe onset of puberty in autumn-born females whiah kmown to have a

delayed puberty. Recentlgne study conducted in sheep highlighted that x@oto stimulated rams
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was efficient to induce a precocious puberty iruert-born ewes [19]. Females exposed to sexually-
active rams were pubescent 1.4 months before timratogroup. Inour study, we tested the
hypothesis that exposure to sexually-active buclsimduce the onset of puberty of autumn-born
females earlier than in females isolated from butksa previous study carried out in spring-born
females we highlighted that exposure to inactivekblthad no impact on the female pubertal transition

[18]. Hence, in this experiment, we choose to noltide a group of female exposed to inactive bucks.

2. Material and M ethods

2.1 Animals

Experiments were carried out from September 20¥ptd 2017 in Nouzilly, France (latitude
47° 32N and longitude 0° 46E) on alpine go&agra hircug. We used a total of 26 animals for this
study, 16 juvenile females and 10 sexually expeedradult males. Young females were born between
August 24" and September™4 They were weaned at 2.5 month old and one wetek they were
dividedinto two groups balanced for body weight. Sisters wepmsated to avoid any genetic effect.
Animals were fed daily with barley straw, lucerreyland commercial concentrate, with free access to
water and mineral blocks. All procedures were perntdl in accordance with the European directive
2010/63/EU on the protection of animals used faoergdic purposes and approved by an ethical
committee for animal experimentation (CEEA VdL, T®uFrance, n°2016091910327211).

2.2 Photoperiodic treatment

To ensure that females were permanently exposedxioally active bucks (SAB), the males
were dividedinto three groups and two of them were successively gtdamto a photoperiodic
treatment of long days. This treatment consis@noéxposure to artificial long days (16 hours ghti
and 8 hours of darkness per day) &6rdaysin a light proof building. Light intensity in théghtproof
building was at least 300 Ix at the level of thesyf the animals. Following this light treatment,
bucks were moved into open barns and exposed teatioeal photoperiodic conditions.

One group of bucks was exposed to artificial loagsdfrom September %0 December %
(SAB2, n=3) and another from Novembért¢ January 23(SAB3, n=3). Six weeks after, they were
exposed to females: from January"16 March %' for SAB2 and from March'6to April 24" for
SABS. SAB1 (n=4) bucks were used to stimulate femaluring the breeding season (from November
22nd to January 15th), hence they were naturaltyally actives and did not need to be stimulated
with a photoperiodic treatment. This photoperiotl&atment is known to be efficient in inducing a

sexually-active state in males during the non-trepdeason after 45 to 60 days following the switch
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of exposure from artificial long days to naturabpiperiod [4,10]. The level of sexual behavior of
photo-stimulated bucks has been shown to be assitas the one of naturally sexually active bucks
[20].

To evaluate the efficiency of the photoperiodi@atneent, testicular volumes were assessed at
the end of the photoperiodic treatment and durirgy first week of exposure to females. Measures

were taken by the same operator to avoid interiddal variations [21,22].

2.3 Pre-pubertal exposure to bucks

One group of 8 females was exposed to bucks (Sjust)after weaning while the other group
of 8 females remained isolated (ISOL) from any métethe STIM group, exposure to bucks was
continuous behind a fence from Novembe?2mtil April 24™. Throughout this period, we allowed
direct contact between bucks and does for 1 hotimé&s a week; in this case, males were fitted with
an apron to prevent intromissions and conceptibusing those close interactions, we observed the
behavior of both males and females to detettusbehavior and to ensure the sexually-active state of
the bucks. Ano-genital sniffing, flehmen and lateapproaches, indicative of buck behavior, were
measured. The number of contacts between maleeanalds was quantified to ensure that the bucks’
and does’ motivation to interact were similar thgboaut the experiment. A doe was considered in
estruswhen it showed a state of excitement during whickiocalized more, wagged her tail and

accepted the mount by the buck.

2.4 Evaluation of puberty onset and weight gain

Age at puberty was assessed by the determinatiothefonset of ovulatory activity.
Ovulations were detected by measuring plasma preges (P4) concentrations twice a week. Blood
samples were obtained by jugular venipuncture fediniemales from the age of 3.5 months till the
age of 7.5 months in 5mL tubes containing hepaflasma was obtained after 30 minutes of
centrifugation at 3500g and concentration of plapnogesterone was determined in samples using an
immunoenzymatic assay as described previously [28hsitivity of this assay was 0.25ng/mL. The
mean intra-assay and inter-assay coefficients obtan were <10%. Females with progesterone
concentrationg0.5ng/mL in 2 consecutive samples were consideydthve ovulated and then to be

pubescent [24,25]. Throughout the experiment, femalere also weighed monthly.

2.5 Statistical Analysis

Results are reported as mean + SEM (standard efritre mean). A Shapiro-Wilk test has

been performed to test the data distribution. thdaere normally distributed (p>0.05) a parametric
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test was performed, otherwise we used non-parammietsis. Weight data were compared between
groups using a two-way repeated-measures ANOVAadgtoup variations of the testicular volume
were performed using paired Student t test and-grups variations were analyzed by the Kruskal-
Wallis test. The age at puberty was examined uaikgplan-Meier survival analysis and differences
between groups were compared by the log rank Bftavior of bucks was analyzed using the
Kruskal-Wallis test followed by multiple comparisorusing the Tukey-Type test (« nparcomp »
package) Number of cycles waanalyzed using the Mann-Whitney test and percestageycling
goats were compared using Fisher exact tests. dwdar the curve (AUC) of progesterone secretion
was calculated for each group following the trapealorule, comparison between groups was
performed by a Mann-Whitney test. Alhalyseawvere performed using R software [26]. Statistical

significance was set at p<0.05.

3. Results and discussion

The aim of this study was to investigate the coneages of exposure to sexually active bucks
on the onset of puberty of female goats born otgeaison. We observed that goats exposed to
sexually active bucks had an earlier first ovulatithan isolated goats (p<0.0Ejg. 1A). On
December 19, 5/8 of STIM females were considered pubescentewmdne of the ISOL females
reached puberty; at the end of the experiment Aptd), all STIM females were pubescent but only
half of the ISOL females. In our study, young feesalexposed to sexually active bucks were
pubescent at a mean age of 112 days (3.6 months).

Our results are consistent with the only other ywtud ruminants in which induction of
precocious puberty in autumn-born females by séxa@tive males occurred in sheep, with an
advance of 1.4 month#n this case, teased females were pubescennata age of 7.8 months while
controls females reached puberty at 9.2 months [l®F differenceérom our findingscan be partly
explained by the different experimental design;eed| we chose to expose females to bucks at
weaning (3 months). This was earlier than in the/pus study in which rams were introduced when
females were 5.5 month old. In our experiment, ntbes 85% of goats exposed to sexually active
bucks reached puberty within a month after the Giontact with malegFig. 1A). We might predict
that if ewes had been exposed to rams earlier, thigit have reached an even earlier puberty.
Interestingly we observed a great synchronicittheffirst ovulation in the group exposed to sexuall
active males: all STIM females reached puberty iarege of 3 weeks, while in the control group only
50% reached puberty over the 5 months of the exjeerti(Fig. 1A). We have already observed this
three-weekdelay between the beginning of exposure to sexaallive malesand the ovulatory
response of young females in our previous studgected with young does born in season [18].

The difference in the age at puberty that we oleskbhere between STIM and ISOL groups is
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not due to other factors such as the metabolie,staich can impact the age at puberty. Indeed,
regarding the body weight variation of femalestrargy effect of time (F o5 299.9, p<0.001) and a
treatment-by-time interaction were detecteg df= 3.4, p<0.01) buho group effect (fri4= 0.58,
p=0.46) can be observg¢8upplemental Fig. 1). One single difference was observed between groups
for the month of April, STIM females were heaviban ISOL females (39.88 + 2.5Kg versus 34.75 +
2.5Kg; p<0.05). Hence, no difference in body weighats detected between groups when tteyted
ovulating, thughis factor is therefore not responsible for thecpcious puberty observed in females

exposed to sexually active male.

In this study,we not only assessed the age at first ovulatiom, wei also characterized the
subsequent estrous cycle expresgbrfemales. All young goats exposed to sexuallywvacbucks
remainedcyclic after the first ovulation, with at least tvather cycles similar to those observed in
mature goats [27]. In the ISOL group, only two féasaexhibited 2 cycles or more. Furthermore, for
STIM females, 28 ovulations were detected by primgese levels, in mostases(20/28), females
exhibited estrudehavior few days befor@ig. 1B). In young goats, we observerl was expected
that most first ovulations are silent; i.e. thHare is na@strusbehavior associated with ovulation [28].
Observation ofestrus behavior is still a commonly used approtidetermine if a female is
pubescent. According to our results, this methodlddail to detect pubescent females, females that
only had one cycle and that did not show any sfgestrusbehavior which is the case of 3 out dib8
our isolated females.

BecauseSTIM females had more ovulations than ISOL females,area under the curve (AUC)
calculated for progesterone concentrations aloageiperimen{Fig. 1C) was significantly higher in
the STIM group than in the ISOL group (p<0.01).sTHifference is not only due to thelvancement
of first ovulation, but also becausxposure to males also induces the maintenandeecbvtulatory
cyclicity. Indeed, females continue cycling 3 weéker when exposed to sexually-active bucks than
when isolated from buck@-ig. 1D). The period within which all females from a growpre cycling
was 8.5 weeks in the STIM group and was only 1 weeke ISOL group. The percentage of cycling
goats was significantly higher in the STIM group fate-December and mid-Februaryid. 1D,
p<0.05). However, this enduring cyclicity endeck|&tarch. Our first hypothesis was that this was due
to the bucks no longer being sufficiently sexualktyive to stimulate females. However, the analgsis
the testicular volume of bucks used at this timethd experiment (SAB3) does not show any
difference when compared to the testicular voluieuaks from the two other groups while exposed
to females Fig. 2; p>0.05). The photoperiodic treatment inducedremgase of 18% of the testicular
volumes in both treated groups (SAB2 and SAB3). ganimg the behavior of bucks among the three
groups, no significant differences in the numbeplofsical contacts between males and females were
detectedFig. 3). An increase of the occurrence of appetitive batiavs observed in SAB3 bucks,
hence those bucks exhibit more ano-genital sniffiren the 2 other groups (SAB1-SAB3: p<0.05;
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SAB2-SABS3: p<0.01) and more flehmen than SAB1 (p5). No significant difference was detected
in the occurrence of lateral approaches among bgodsps(Fig. 3). Therefore, we conclude that, for
STIM females, the termination of estrous cychss due to an inhibitory effect of photoperiod eaith
than a lack of stimulation. Indeed, in goats, thesérous season starts in March when day length

increases [29], providing an inhibitory signal ke reproductive axis.

Those results are however not consistent with antestudy [30] thataised the possibility of
continued estrous cycle expression duedntinuous exposure to sexually active bu¢kswever, in
our experiment, while exposure to active bucks edupression of estrous cycledaited to totally
override the anestrous period. The difference batwtbe two studies can be explained by several
factors. First, magnitude of photoperiodic variaiavas differentThe study by Delgadillo et §80]
was conducted in Northern Mexico, where day lengtiiesfrom 10 h at the winter solstice to 14 h at
the summer solstice. Under temperate latitudesitianis are more important with, at the same dates,
photoperiod varying from 8 h to 16 h. The greatestpperiodic variation observed under temperate
latitudes mayresultin a deeper anestrous and a stronger inhibitorgyceff photoperiodic stimuli.
Social factors could then keverridden by photoperiodic inpuAnother difference between the two
studies was the level of sexual experience of femadhe study of Delgadillo et 4B0] used only
sexually experienced multiparous adult goats. Insbudy, females were younger and had a very brief
experience with the male (i.e. continuous expobeténd a fence for 4 months with only 3 hours per
week of direct contacind no copulation It is known that sexual experience can impaetdghality of
the female’s response to the signal of the male ekample, multiparous ewes have a better response
to a male-effect than nulliparous ewes [31]. Intgpeesults obtained during a male-effect expertimen
show in somesases a better response vmiltiparous females: 92% of those females extabitus

behavior while only 16% of inexperienced femalesd¢32].

To our knowledge, wesportfor the first time that puberty of autumn-born ygugoats can be
significantly advanced by exposure to sexuallys&ctbucks, without any hormonal treatment. The
presence of active bucks since weaning can indoc&ceeleration of thesactivationof the female
reproductive axis enabling young goats to ovulateintain a normal cyclicityi.e. regular cycles of
approximately 21 daysand express an adequaterusbehavior as early as 3.5 months of age. This
result is highly original as the commonly accepage at puberty for goats born in spring is 7 months
and one year for goats born in autumn. It highigtite fact that the gonadotropic axis is highly
sensitive to male sensory cues even at a youngTégepresence of bucks also helped maintain the
cyclicity in young female$ut failed to prevent the anestrous season, abd&s observed in mature

females.
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387 Figurelegends

388

389 Figure 1. Physiological response of young goats exposed (STIM) or not (ISOL) to sexually

390  active bucks. Blood samples for progesterone were collected twicgeek from mid-December to
391 late-April. (A) Cumulative proportions of young goats reachingeptybfrom ISOL (n=8) and STIM
392  (n=8) groups. Females were considered pubescent whegesterone levels0.5ng/mL in two
393  consecutive samples. Data were analyzed usingalaig-test (***p < 0.001).(B) Representative
394  patterns of the cyclicity of females. STIM femalesre submitted to direct contact with bucks 3 hours
395 a week,estrusbehavior (indicated by arrows) was determined dutimse close interactionéC)

396  Comparison of the cumulative serum progesteroneetien expressed by area under the cyAeC,

397  arbitrary unit) Stars indicate significant differences betweewsugs using a Fisher exact test (**p <
398 0.01).(D) Percentage of pubescent females cycling in the S(htd8) and ISOL (n=4) group$tars

399 indicate significant differences between groupsgsi Fisher exact test (*p < 0.05).

400

401 Figure 2. Variation of the testicular volume. Measure of the testicular volume wassesseby
402  orchidometry the first day of exposure to femalaseach group of bucks: SAB1 (n=4), SAB2 (n=3)
403  and SAB3 (n=3). For SAB2 and SAB3 bucks, a measa® also performed the last day of the long
404  day treatment. Results are presented as mean + SE& indicate significant differences within a
405  group using the paired Student t test (*p < O.@ifferent letters denote a significant difference

406  between groups using a Kruskal-Wallis.
407

408 Figure 3. Occurrence of socio-sexual behaviors of the three groups of bucks. Behavior was

409  observed for 1h three times a week when a singbi luas introduced into the females’ pen. SAB1
410  (n=4) were used from November"220 mid-January, SAB2 (n=3) from mid-January to +iidrch

411 and SAB3 from mid-March to late-April. Results aresented as the mean + SEM occurrence of each
412 behavior per hour. Stars indicate significant défeees between groups using a Kruskal-Wallis test
413 (*p <0.05, *p < 0.01).

414
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415 Supplemental Figure 1. Changes in body weight in female kids from birth to 7 months of
416  age. Females from the 2 groups, ISOL (grey line; n=8)l &TIM (black line; n=8) were weighed
417  monthly. Data are presented as mean * SEM. Stdisatie significant differences between groups

418  using a two-way repeated-measures ANOVA followeghaiywise t-test (*p < 0.05).
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