Accepted Manuscript =
THERIOGENOLOGY

The isolation of females from males to promote a later male effect is unnecessary if
the bucks used are sexually active

L.A. Zarazaga, M.C. Gatica, H. Hernandez, L. Gallego-Calvo, J.A. Delgadillo, J.L.
Guzman

PIl: S0093-691X(17)30102-4
DOI: 10.1016/j.theriogenology.2017.02.023
Reference: THE 14020

To appearin:  Theriogenology

Received Date: 19 October 2016
Revised Date: 15 February 2017
Accepted Date: 27 February 2017

Please cite this article as: Zarazaga LA, Gatica MC, Hernandez H, Gallego-Calvo L, Delgadillo JA,
Guzman JL, The isolation of females from males to promote a later male effect is unnecessary if the
bucks used are sexually active, Theriogenology (2017), doi: 10.1016/j.theriogenology.2017.02.023.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.theriogenology.2017.02.023

10

11

12

13

14

15

16

Revised non highlighted

Theisolation of femalesfrom malesto promote a later male effect isunnecessary if
the bucks used are sexually active
L.A. Zarazag®, M.C. Gaticd, H. HernandeZ L. Gallego-Calv J.A. Delgadill§, J.L.
Guzmaf
®Departamento de Ciencias Agroforestales, Univemsidie Huelva, “Campus de
Excelencia Internacional Agroalimentario, ceiA3”,afetera Huelva-Palos de la

Frontera s/n, 21819 Palos de la Frontera, Huelvpai@.

PUniversidad Arturo Prat, Avenida Arturo Prat, 21Rfuique, Chile.

“Centro de Investigacion en Reproduccion Capringpddamento de Ciencias Médico
Veterinarias, Universidad Autdbnoma Agraria AntoriMarro, Periférico Raul Lopez

Sanchez y Carretera a Santa Fe, 27054 Torreon, GQithMexico.

"Corresponding author. Telephone: +34 959217523; Fa& 959217304

E-mail address: zarazaga@uhu.es (L.A. Zarazaga).




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Abstract

It has been suggested that female goats in pemhaoetact with males become
refractory to their presence, and need to be pusWoseparated from them for 40-45
days if the presence of bucks is to induce repridi@ctivity, ovulation and oestrous
during seasonal anoestrous. The present study eganthe reproductive response
(ovulation and oestrus) and reproductive perforraasicdoes isolated from bucks for
different periods before their reintroduction tolenaompany. A total of 103 Payoya
and Blanca Andaluza does were distributed intdreiatment groups that required their
isolation from males for different periods: 0 da@$=29), 5 days (N=15), 10 days
(N=14), 20 days (N=16), 30 days (N=14) and 39 d#s15). After this period they
were introduced to sexually active bucks (ensucetid in this condition by keeping
them under long days light treatment for three teptand oestrous activity was
recorded daily by direct visual observation of tharks left by the marking harnesses
worn by these males. Ovulation was confirmed via tblasma progesterone
concentration (measured in blood samples takenetwar week). The ovulation rate
was assessed by transrectal ultrasonography. Heguridrtility, prolificacy and
productivity were also determined. The sexual b&havof the males towards the
females was also monitored on Days 0, 1, 2, 3, @d9 after their meeting with the
latter. The length of the female isolation peri@diimo effect on the percentage of does
that responded to contact with the males, nor didffect the oestrous response,
fecundity, fertility or productivity. The males, Wwever, undertook more ano-genital
sniffing and nudging with the 5 day group femalesnpared to those of the other
groups (P<0.05). However, the sexual behaviourhef males changed as the days
passed, with ano-genital sniffing becoming less mom and nudging, licking,

sneezing and mounts with intromission more freqoanbays 8 and 9 than on Day 0, 1



and 2 after the sexes were reunited (P<0.05). Tresdts show that the isolation of
females is not necessary for an efficient maleceffethe bucks used are sexually
active. In addition, the sexual behaviour of theksuchanges as the time in contact with

the does increases, but in general is not affdnyetie duration of female isolation.

Key words: goat, oestrous, ovulation, fertilitypductivity, artificial photoperiod.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

1. Introduction

The reproductive seasonality of goats living inbtsopical and temperate
latitudes is an important limitation to productwifTo counter this, reproduction needs
to be induced during natural seasonal anoestrug 3,,4, 5]. The induction of the male
effect via the re-introduction to males of doedased from bucks has been shown an
effective means of inducing female reproductivevégt during this time of normal
sexual rest [6, 7, 8, 9, 10, 11]. In fact, the srddxposure of anovulatory does to bucks
results in a rapid increase in their luteinisingrhone (LH) pulse frequency, followed
by a pre-ovulatory LH surge and ovulation [7, 8]h&s been suggested, however, that
the duration of isolation from males, and the istgnof male sexual behaviour upon
new contact, may influence the response of does [8]

Underwood et al. (1944) [12] were the first togwee that that anoestrous ewes
in permanent contact with rams likely become reéigcto male stimuli, and that they
respond to rams only if conditioned by a periodadél isolation from all male contact.
Thereafter it was shown that a period of isolafimm rams of 17-21 days was enough
to induce ovulation upon the resumption of con{fa&, 14]. However, just 24 h of
isolation was sufficient to increase the LH pul#gtof ewes [15]. Shelton (1960) [16]
then described the effect of introducing male gaata group of does isolated from
bucks at the end of seasonal anoestrus. Later, @bam(1987) [7] suggested that an
isolation period of at least 3 weeks was necestarynduce ovulation in does re-
exposed to bucks. Together, these findings sugipedf in both goats and sheep,
females must be isolated from males if ovulatiotoibe induced via the male effect [8].
However, it has been suggested that such femalati@o is not necessary when
sexually active males are used [10, 17]. In addjtibe ovulatory response of does to

the male effect does not depend on male novelty; [i8the latter work, a high
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proportion of does ovulated when exposed to eittearel or familiar males - if both
were sexually active.

The degree of sexual activity displayed by malespring - when the male
effect is employed - might influence the responkté&males to their presence. Bucks
from Mediterranean and subtropical latitudes shostrang reduction in their plasma
testosterone concentrations in spring, and consgiguéisplay only weak sexual
behaviour from December to July (the months cooedmg to the natural sexual rest
period) [19, 20, 21]. Certainly, some authors réepaicks employed during the sexual
rest period to induce only a low percentage of doesvulate [22, 23]. This limitation
of the male effect can be circumvented by the uUskuocks made sexually active by
adequate photoperiod treatment. Experiments havewrshthat under such
circumstances all previously isolated does expdseephotostimulated males ovulate,
whereas <10% may do so when exposed to non-tresg¢edally inactive males [23,
24]. Interestingly, in Mediterranean latitudes,etarmonths of long days between the
second fortnight of November until the second figtih of February, followed by
natural photoperiod conditions, also increases lplakma testosterone concentrations
and intensifies their sexual behaviour in March4iB20].

Given the capacity of adequately photostimulatedkb to induce ovulatory
activity in does in seasonal anoestrus, it was thgsized that prior female isolation
may not be necessary for reproductive activitiesuoh does to be stimulated. Further,
the characteristics of this reproductive activityght not differ regardless of the
duration of female isolation from males. These sdesre tested by monitoring the
ovulatory/oestrous activities and reproductive permiances of does exposed to males

after different periods of separation.
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2. Material and Methods

The study was conducted at the University of Haedxperimental farm (37°
20'N, 6° 54' W), which meets the requirements o& tBuropean Community
Commission for Scientific Procedure Establishm¢p@s.0/63).

2.1. Animals and management

The females used in this work (Payoya and Blanndaliza goats) were 3-4
year-old (adult) non-pregnant does (n=103). At thtude where the work was
performed, female anoestrus lasts from JanuarydMéocAugust-September [3, 5],
while male sexual rest lasts from January-Febrt@adune-July [21, 25].

Over the experimental period, the does were maiedaindoors and fed daily
with lucerne hay, barley straw and commercial cotrege, according to INRA
standards for maintaining adult weight and for jolong adequate nutrition [26]. All
animals had free access to water and mineral blgoks$aining trace elements and

vitamins.

2.2. Preparation of females and males

Females

Figure 1 shows the experimental protocol. Ingidlie females were in contact
with five adult vasectomised males. They were thlestributed into six treatment
groups that isolated them from males for differpatiods: 39 days (started February
19th; N=15; Group 39), 30 days (started Februamn;2B=14; Group 30), 20 days
(started March 10th; N=16; Group 20), 10 days (sthMarch 20th; N=14; Group 10),
5 days (started March 25th; N=15; Group 5), andsdin permanent contact with the

vasectomised bucks; N=29; Group 0). These six grovgre maintained in shaded open
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pens under natural day length during the entireeergental period. Both of the used

breeds were distributed homogeneously in each group

Males

Twelve entire males were exposed to 3 months i ldays (16 h of light per
day) from November 1st, and thereafter to natunat@periodic conditions. These long
days were provided via a mixture of natural lightspartificial light (at least 300 lux at
the animals' eye level) from 6:00 to 8:00 h andnfrd9:00 to 22:00 h. This treatment
stimulates testosterone secretion and sexual balvavi bucks during March and April,

i.e., the natural sexual rest period when contrallesiare sexually inactive [20].

2.3. The male effect
On March 38 (Day 0), two males fitted with marking harnessesenplaced in
contact with each group of females to initiate thale effect and thus start breeding

behaviour. The period of breeding lasted 38 dayi May 7.

2.4 Measurements
Detection of oestrous behaviour
During the period of breeding, oestrous activitgswecorded by daily visual

observation of the marks left by marking harnesgas by the bucks [27].

Detection of ovulation
To monitor the ovarian cyclicity of the does befdheir introduction to the
males (Day 0; March 39, blood samples were collected once per week twere

consecutive weeks and the plasma progesterone rdoaiien determined. The does
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were deemed cyclic if their plasma progesteroneeotmation was >0.5 ng/mL in at
least two consecutive samples. This has been shalicative of ovulation [3, 28].
Ovulation was detected, and ovulation rates asdesta the presence of corpora
lutea observed during transrectal ultrasonogragrjopmed using an Aloka SSD-500
apparatus connected to a 7.5 MHz linear probe. Wass conducted 6-8 days after the
detection of oestrus [29]. The presence of corpatea was confirmed by the plasma
progesterone concentration. Weekly blood samplese waken from the time of
introduction to the males until the end of the gtuglood samples were collected by
jugular venipuncture in tubes containing hepariasa was obtained by centrifugation
at 3500xg for 30 min and stored at -20°C until temone concentrations were
measured. Plasma progesterone was determined iticatep samples using a
commercial enzyme linked immunoassay (ELISA) kitidgeway Science Ltd.,
Gloucester, UK) in accordance with the manufactsirgrstructions [30]. The mean
intra-assay and inter-assay coefficients of vamativere 6.6% and 9.9% respectively.
The sensitivity of the assay was 0.1 ng/mL. Femealigls progesterone concentrations

of >0.5 ng/mL were considered to have ovulated [27, 31]

Fecundity, fertility and productivity

Fecundity (n°® pregnant does/n° does exposed tesphalas determined via
transrectal ultrasonography on day 45 after matd®j. Fertility (percentage of goats
kidding/does mounted by the males), prolificacy nflmer of kids born per female
kidding) and productivity (n°® kids born per femateeach mating group) were also

determined.

Sexual behaviour of bucks
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One week before introducing the males to the femahe sexual behaviour of
the former was assessed, recording nudging, anitabeniffing, mounting attempts,
and the flehmen response over 5 min periods whenbtitks were exposed to test
females (i.e., not those in the treatment group®eistrus. All bucks displayed a similar
sexual behaviour pattern; therefore, they were oaryg allocated to serve the six
groups of treated females.

After bringing the sexes into contact, the sexagthaviour of each buck (ano-
genital sniffing, nudging, licking, sneezing, maugt attempts, and mounting with
intromission) was observed for 30 min on Day 0. (itke day of first contact), Day 1,

Day 2, Day 3, Day 4, Day 8 and Day 9 post-introatunct

2.5. Statistical analysis

Results are reported as means +* standard errerpé&itcentage of females that
displayed oestrous behaviour, those that showetloossbehaviour and ovulation, the
fecundity and fertility values for each group, wemmpared using the Chi-squared test
and Fisher’s exact probability test. Ovulation sa@d prolificacy were compared using
the Mann-Whitney U test. Productivity, the dateowgtilation, and the date of showing
oestrous with ovulation, were compared using ong-MdOVA with the treatments as
fixed effects. When differences between groups wasserved, a Tukey test was
performed. The sexual behaviour of the bucks ducmgtact with the females of each
group at different moments was compared using tidlependent two-sample t-test.

Significance was set at P<0.05.

2.6. Ethical note
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Trained personnel performed all procedures irctsaccordance with Spanish
guidelines for the protection of experimental ansn@&D 53/2013), in agreement with

European Union Directive 86/609.

3. Results

The percentage of goats in each group showingvanam response (mean for
all groups 97%) and oestrous behaviour and ovulatean for all groups 88%) did
not differ as a function of the time that the feesaspent isolated from males (Table 1).
The mean interval between introduction to the naaleé the onset of oestrous behaviour
and first ovulation was very synchronized (7.6 ¥ @ays and 12.1 + 0.7 days
respectively) and did not differ significantly beten groups (Table 1). Similar results
were obtained for the interval between introductiorthe males and mounting (9.9 *
0.7 days; no significant difference between groupi&ither did it appear to have any
effect on fecundity and fertility (70% for all grps), prolificacy (1.48 £ 0.06 kids born
per female kidding) or productivity (0.92 + 0.0&&iborn per female in each group),

with no significant differences between groups (€dh).

Sexual behaviour of bucks

Few differences were seen between the groups rmsteof male sexual
behaviour (Fig. 2), although in Group 5 the numdienudging and licking events was
higher (P<0.05). As the days passed since the sexesreunited, the kind of behaviour
shown by the males changed (Fig. 3). On Days Ond 2 ano-genital sniffing
predominated, but thereafter the males' behavieaame enriched with more licking

and sneezing events, more mounting attempts, ame mountings with intromission.

10
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4. Discussion

The results of the present experiment show thatgaats, the reproductive
activity and performance of does are unmodifiedh®y/ time they spend isolated from
males - if the bucks to which they are later introedd are sexually active. Indeed, the
sudden presence of active males induced intensedegqtive activity in the does;
almost all the females (87%) in every isolationatneent group showed oestrous
behaviour associated with ovulation. In additiown, differences were seen between
these groups in terms of female fecundity, feytilgrolificacy or productivity.

These findings support the hypothesis that, intggahe separation of females
from males is not necessary for reproductive aatwito be induced during seasonal
anoestrus - as long as the bucks used are sexatsilg. This information is not only of
use to managers of conventional goat productiotesys but also to those managing
organic systems in which no hormonal treatmentsallosved (the present males were
rendered sexually active by photoperiodic treatnadmte).

Since the male effect was first reported in thdQK9[12], it has been assumed
that females need to be isolated from male stimhiahie male effect is to successfully
induce ovulation. It has been suggested that deesrnhe refractory to exposure to
bucks, and thus need to be separated from thennebifang to induce the male effect
during the seasonal anoestrus. In the present iexgrer;, nearly 100% of the females
ovulated, most showed oestrous behaviour assocwtddovulation, and the sexual
response of the does was not modified by time Haslyspent isolated from males (0-39
days). These results agree with previous suggestizat, in goats, isolating females
from males is unnecessary if sexually active malesused to induce the male effect

[10, 17]. The experimental design used in the priestidy, however, reveals without

11
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ambiguity that the reproductive activity of does d¢ee stimulated even when these have
not been previously isolated from males.

Several studies report that photostimulated buakes more efficient than
untreated ones in stimulating sexual activity iroestrus does [22, 24, 33]. In the
present study, the photoperiod-treated bucks allveld active sexual behaviour. The
vasectomised males in permanent contact with threalies before the latters' isolation
and later introduction to the active males, alptiiged naturally low-level springtime
sexual behaviour [25]. These sexually inactive Buekere unable to induce any
reproductive activity in the does. It has receriBen shown in both goats [34] and
sheep [35] that using sexually active males camiedlite the effects of anoestrus.
Together, these results highlight the importancenafe sexual condition in inducing
the male effect.

A criticism of the present experimental design ni@yin the fact that the
sexually active bucks to which the does were intoed would have been novel to them,;
this might have masked the effect of female isofatsince they were not the same
males present during the period prior to this sagpam. Our group recently
demonstrated that the introduction of novel matedetmales already in contact with
familiar males induces ovarian activity similar tttat observed in the classical male
effect [10]. Even, Mufioz et al. (2016) [18] recgndlemonstrated that photostimulated
bucks induce sexual activity in seasonally anoastrdoes independent of their
familiarity with them. Consequently, the use offgliént males during the period prior
to isolation and to induce the male effect showdthave influenced the results.

No differences were seen between the differertrivent groups in terms of
fertility (50- 80%) or productivity (0.75 to 1.20ds/doe). These results are similar to

those reported by our group when using males &atetiv by inserting melatonin

12
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implants in the spring [10, 36]. They also showt thiach long day treatment of bucks
not only activates sexual behaviour but improvesrspproduction and quality enough
to achieve pregnancies in spring. In addition, Zaga et al. (2010) [20] reported that a
photoperiod treatment similar to that used in thesent work, activated male sexual
behaviour in spring and improved sperm productiod aperm quality compared to
untreated bucks.

Male-female interactions were clearly not greatigdified by the time the does
spent isolated from bucks. However, the behavitaplayed changed - as expected - as
the days passed. After male introduction, most dxgerience a short ovarian activity
and then enter oestrus. Thus, it would be expettai] during the early days after the
sexes come into contact, the most common male bmirawould be ano-genital
sniffing as the bucks try to detect females in sstAs time passed and the females
came clearly into oestrus, this courtship behavioecame enriched, culminating in
mating. These results agree with those describetdyp-Carrera et al. (2014) [37],
who observed more mounting attempts and mounts wtftomission on Day 8
following male introduction than on Days O or 1.u8hin the present work, male-
female interactions were not affected by the tiime does spent isolated from males,

probably because of the intense sexual activithefoucks used.

5. Conclusions

Taken together, the present results show thatsbowde sexually active by an
artificial photoperiod can induce reproductive wtyi in does, independent of the time
the latter are isolated from male company. Indéedpuld appear that the male effect
can be induced even if does experience no prevsolegtion from males - as long as the

inducing males are sexually active. Thus, if actmales are used, goat livestock

13
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management can be simplified by obviating the rfeedlemale isolation. The fact that
male sexual activity can be induced by photopedodtrol means bucks thus treated

could also be used to induce the male effect iamiggoat-raising systems.
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Figure 1:Experimental design.

Figure 2. Sum of the types of male sexual advaxpereenced by females of each
Group over the nine days of observation (obserwast 80 min on each day). Males
were rendered sexually active by exposure to loagsd16 h of light by day) from

November 15th to February 15th. Different lettemsbars for the same variable indicate

significant differences between Days at P<0.05.

Figure 3. Types of male sexual advance experienoedays 0 (day of introduction to
males), 1, 2, 3, 4, 8 and 9 (observed over 30 mieaxh day) of Group 0, 5, 10, 20, 30
and 39 days. Males were rendered sexually activexippsure to long days (16 h of
light by day) from November 15th to February 19ihfferent letters on bars for the

same variable indicate significant differences lesmvDays at P<0.05.
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Table 1: Reproductive results of females goats stiéxnto the male effect after an isolation peradd39 days (Group 39), 30 days (Group 30),

20 days (Group 20), 10 days (Group 10), 5 daysyff), and 0 days (Group 0)

39 days 30 days 20 days 10 days 5 days 0 days
N=15 N=14 N=16 N=14 N=15 N=29
Females showing ovulation (%) 100 100 100 100 100 0 9
Females showing oestrous and ovulation (%) 100 79 8 8 79 100 86
Interval male introduction 1st oestrous (days) 8123 6.9+1.3 9.0+£3.2 7.3+1.2 9.8+2.2 6.8.%
Interval male introduction 1st ovulation (days) 9.5.5 102+2.4 14.3+£3.2 15.1+2.8 135+£2.711.4+1.0

Interval male introduction and mounting (days) $50 80x£1.0 10.2+£3.0 9.1+0.1 11.7+£17 11015

Ovulation rate 1.29+0.18 133+0.10 1.83+0.31.00+£0.00 150%+0.34 1.33+0.10
Fecundity (%) 60 64 50 57 80 62
Fertility (%) 60 82 57 72 80 72
Prolificacy (kids born per female kidding 1.5648. 156+0.18 150+0.19 1.38+0.18 150+0.1%.44+0.12

Productivity (kids born per female in the group) 93+0.23 1.00£0.23 0.75+0.21 0.79+0.21 ®2Z020 0.90%0.15

None of the reproductive variables studied wereifreatiby the time of isolation (P>0.05).
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Highlights

* Reproductive activity of bucksisreduced in spring when male effect is used.

» Themale effect usually requiresisolation between both sexes.

» It was hypothesized that prior isolation may not be necessary when we use active
males.

* The length isolation period had no effect on none of the studied reproductive
parameters.



