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A B S T R A C T

The aim of this study was to analyze the reproductive behavioral responses in Australian Merino
rams, to identify those related to a faster training for semen collection with an artificial vagina.
Eight Australian Merino rams, aged 1.5 years and with no prior sexual experience, were ran-
domly selected from an extensively grazed flock. One immobilized ewe with no hormone sti-
mulation was used for rams to sexually interact and mount. The frequencies of approaching,
sniffing, flehmen, pushing, pawing with chin resting, and tongue flicking were recorded during
eight training and three post-training assessments periods. In addition, the duration of sniffing
and flehmen responses, as well as the time from when the ram started to approach the ewe until
the mount with ejaculation (completed mount) were recorded. Descriptive, correlation, and
modeling analyses were performed. Amongst the rams, four mounted the ewe and ejaculated for
the first time during the training phase, and three mounted and ejaculated for the first time after
the training phase. The remaining ram mounted the ewe and ejaculated for the first time during
the post-training evaluation in the following year. A great variability in the behavior repertoire
was observed among rams. The correlation analysis indicated that the completed mount was
associated with the behaviors during the approaching response. The expression of the sniffing
response decreased between the training phase and post-training evaluation, while the responses
of pushing the ewe and tongue flicking ceased to occur. Pawing the side of the ewe with the chin
resting on the back of the ewe and flehmen responses, however, continued between the training
and post-training phases. This led to a decrease in the time from when the ram started to ap-
proach the ewe until the completed mount. It is concluded that the responses of approaching the
ewe, pawing the side of the ewe with chin resting on the ewe, and sniffing of the ewe (the latter
occurring only during the training phase) are behavioral indicators that could be used for se-
lection of easy-to-train rams for purposes of semen collection with an artificial vagina.

1. Introduction

The use of artificial vagina (AV) for semen collection results in greater quality semen samples, compared with semen obtained by
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electroejaculation. Semen characteristics such as volume, concentration, live sperm and sperm motility are generally affected
(Matthews et al., 2003; Nikolovski et al., 2012; Malejane et al., 2014). The use of the AV for semen collection also has advantages
with respect to animal welfare (Ortiz-de-Montellano et al., 2007; Alomar et al., 2016). Semen collection with the AV, however,
requires previous training of the males, which includes habituation to the presence of operators and the use of the AV.

For training and semen collection, different approaches for ram interactions and mounting can be used: ewes in estrus, hormone-
treated ewes, ewes not in estrus, and manual constructed devices (i.e., “dummies”). Because of the sexual seasonality of the sheep and
the negative effects of continuous hormonal treatment in the ewes, the recommended option for achieving continuous semen col-
lection is training with ewes that are not in estrus (Aguirre Flores et al., 2005).

Rams express a series of sexual behavioral responses during natural mating as well as in semen collection with an AV. These
responses may be categorized into two groups of responses: one, where the male identifies the physiological status of the ewe by
sniffing the genital area and sensing its urine; and another, where the male assesses the receptivity of the female through tactile
stimulation (Orihuela Trujillo, 2014). For the identification of physiological status, rams smell the genitals and urine of the ewe, after
which the flehmen response indicates the passage of pheromone into the vomeronasal organ for sensing (Lindsay, 1965; Ungerfeld
et al., 2006). The receptivity of the female is ascertained by ram assessment of the immobilization state of the ewe by licking of the
genital area, pushing of the ewe, pawing the side of the ewe, and chin resting on the ewe (Cárdenas-Gallegos et al., 2015).

Sexual behavioral responses have been studied for the identification of mating competence such as amount of libido, sexual
performance (Pepelko and Clegg, 1965; Katz, 2008; Haulenbeek, 2009; Gouletsou and Fthenakis, 2010), serving capacity (Price et al.,
1992; Cárdenas-Gallegos et al., 2015), and sexual partner preference (Roselli et al., 2002). There, however, are no detailed studies
about the sexual behavioral responses indicating the relative ease of rams training for semen collection with an AV. Abramson and
Kieson (2016) described different conditioning techniques that could help understand the learning responses in livestock. There are
two categories of learning: associative and non-associative, the latter including habituation as a response to repeated stimuli. Hence,
the animal modifies an already existing behavior because of the stimuli, instead of learning a new response. From these previous
descriptions, ram training for use of an AV for semen collection would encompass habituation with non-associative learning.

The aims of this study were: (1) to analyze the reproductive behavioral responses of Australian Merino rams during and after the
training for semen collection with an AV, (2) to assess by statistical analysis the association of the various responses with the
mounting of a ewe; and (3) to ascertain those responses that would lead to selection of easy-to-train rams for semen collection with an
AV (short-term training of rams).

2. Materials and methods

2.1. Animal handling

Eight Australian Merino rams, aged 1.5 years, were randomly selected from an extensively grazed flock in Paraje La Angostura
(40°25′S, 69°34′W, Río Negro, Argentina). These rams had been separated from ewes as lambs, after weaning from their dams and
had no sexual experience prior to the experiment. The animals were transported to the facilities of the Facultad de Ciencias Agrarias
(FCA), Universidad Nacional del Comahue (38°51′S, 68°04′W, Río Negro, Argentina). The experiment was conducted complying with
the animal welfare conditions according to the institutional policy. The rams were housed in two pens with access to the natural
environment and had free access lucerne pellets (Medicago sativa) and water.

The experiment started 1 week after the rams were transported to the FCA, and consisted of three phases: taming, training phase
(T), and post-training phase (PT). The taming consisted of the habituation of rams to the presence of people, handling with a rope,
and approaching the ewe that was used to conduct the study. The taming phase lasted for 41 days from 30 January to 12 March 2014
and was immediately followed by the T phase. The aim of the T phase was the training of the rams for semen collection with an AV by
two operators, and started before the beginning of the mating period performed by farmers from Northern Patagonia. It lasted from
13 March to 16 April 2014, and consisted of eight assessment periods of 10min each (two per week), in which one operator moved
the ram using a 3.5m rope to let it approach the immobilized ewe. During the first four assessments periods, a second operator
approached with the AV only when a mounting attempt was observed, to avoid distracting the rams. At this time, the ram was briefly
restrained by using the rope to avoid natural mating. The PT phase was conducted to evaluate the changes in the sexual behavioral
responses after the rams had been trained for collection of semen with an AV, and consisted of three assessments periods between 5
February and 17 March 2015, also before the beginning of the mating period in Northern Patagonia.

Between the T and PT phases, the routine with the rams continued once per week to avoid the loss of habituation to use of the AV
for semen collection. Every time the rams completed mounting (CM), they received a small portion of oat seeds (Avena sativa) as a
stimulatory experience to facilitate conditioning and to reinforce the habituation to the semen collection method. During the entire
experimental period, only one ewe was used for the semen collection regimen, and the ewe was not treated with hormones.

2.2. Sexual behavioral data

During the T and PT phases, the same researcher assessed the ram activities and reported them on a voice recorder. The beha-
vioral responses analyzed in this experiment were: approaching to the ewe (A), sniffing the ewe (S), flehmen expression (F), pushing
the ewe (Pu), pawing the side of the ewe with chin resting on it (PaCR), tongue flicking (TF), mount attempts (MA=mount without
intromission), and completed mount (CM=mount with ejaculation: Bernon and Shrestha, 1984; Odagiri et al., 1995; Darwish and
Mahboub, 2011; Morales-Piñeyrúa and Ungerfeld, 2012; Orihuela Trujillo, 2014). Consistent with the findings of Odagiri et al.

C.P. Ambrosi et al. Animal Reproduction Science 193 (2018) 90–97

91



(1995), PaCR was considered a single behavioral response. Duration of sniffing (tS), duration of flehmen (tF), and the total time from
the approaching to the completed mount, termed reaction time (RT) were also recorded (Chenoweth, 1981; Bernon and Shrestha,
1984; Fahey et al., 2012; Orihuela Trujillo, 2014). The RT was analyzed only in rams that mounted the ewe during the T phase.

2.3. Statistical analyses

2.3.1. Analysis of sexual behavioral responses
Correlation analyses between the behavioral responses and CM during the T and PT phases were performed using the Pearson’s

coefficient r. The probability value that was considered to be statistically significant was P=0.05.
The RT was analyzed by means of one-way ANOVA followed by use of the Fisher least-squares difference post-hoc test, with a

probability value of P=0.05 indicating significance. For each ram that responded with a CM in both phases of the study (Tag
numbers 1, 5, 6, and 8) the average values of the two first assessment periods in which CM (Ti) occurred and the average of the two
last assessment periods of the T phase (Tf) were analyzed. For the PT phase, the observational findings from the first and the last
periods of assessment were analyzed (PTi and PTf, respectively).

2.3.2. Completed mount modeling
2.3.2.1. Generalized linear model (GLM). The response variable CM was modeled using logistic regression because this variable had a
binomial distribution (Agresti, 2010). The modeling was initiated using a saturated model that included the following explanatory
variables: S, F, PaCR, and date of assessment periods (D), and the 2nd, 3rd, and 4th-degree interactions among variables to achieve a
parsimonious model.

For the binary response variable Y describing the CM, and an explanatory variable X (e.g., S, F, PaCR), the probability model was

= = = = − = =π x P Y X x P Y X x( ) ( 1 ) 1 ( 0 )

with Y= presence or absence of CM.
The logistic regression model was:

=
+

+ +

π x
α βx
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( )

exp( )
1 exp( )

The model for the log odds (logit) followed a linear relationship:

=

−
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This equates to the logit link function of the linear predictor.
xi = characterizes the systematic part of the design, where i is the number of fixed effects of the model.
β=is the parameter vector of the fixed effects of the model that completes the systematic part of the model. Because the

observations were made on the same rams, it was necessary to consider the individual ram effect, for which the representation of the
confidence intervals for each ram was analyzed. If this effect was present, a generalized linear mixed model was applied as indicated
below.

2.3.2.2. Generalized linear mixed model (GLMM). For the GLMM, yit denoted any observation t in cluster i (ram), t =1, …, Ti; xit
denoted the column vector of values of explanatory (S, F, PaCR, D) variables for the fixed effect model parameters β; ui denoted the
vector of random effect values for cluster i; and z denoted a column vector of explanatory variables.

The linear predictor for a GLMM is described by:

= +g μ x β z u( ) ´ ´it it it i

For link function g (μit), the random effect vector ui was assumed to have a multivariate normal distribution N (0, ∑). The
covariance matrix ∑ depended on unknown variance components, and possibly also on correlation parameters (Agresti, 2010). The
statistical analyses were performed with statistical language R version 3.3.0. The libraries used were: anova, stats, effects, and lme4 (R
CoreTeam, 2016).

3. Results

Training of rams for semen collection with AV could be successfully achieved, although the CM occurred at varying times during
this experiment. There was CM in four rams during the T phase, in the following order: Tag No. 5, 8, 1, and 6 (Fig. 1a–d). The other
three rams expressed the CM after the T phase concluded and prior to the PT phase, in November 2014 (Tag No. 2 and 3; Fig. 1e, g)
and January 2015 (Tag No. 4; Fig. 1f). The remaining ram (Tag No. 7; Fig. 1h) had a CM after the experiment concluded.

Fig. 1 depicts the absolute frequency of S, F, and PaCR for the eight rams during the T and PT phases. Note that, independent of
date of first CM, some rams had great variability in the repertoire of sexual behaviors (Tag No. 5, 1, 6, 2, and 4; Fig. 1a, c–f), and
others did not (Tag No. 8, 3, and 7; Fig. 1b, g, and h).

Rams that had a CM during the T phase had less S during the PT phase compared with the T phase. Throughout the experiment,
there was continual expression of PaCR and the incidence of this response did not vary among the periods of assessments. Not all the
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Fig. 1. Frequency of behavioral responses of rams during the training and post-training phases. Fig. a–h are ordered chronologically, according to
the date of first completed mount. Rams that completed mounting for the first time during the training phase (Tag No. 5, 8, 1, and 6; a–d). Rams that
completed mounting for the first time between the training and post-training phases (Tag No. 2, 4, and 3; e–g). Ram that completed mounting for the
first time after the conclusion of the experiment (Tag No. 7, h). S: sniffing; F: flehmen; PaCR: pawing the side of the ewe with chin resting on the
ewe. Arrows indicate the exact date of first completed mounting.
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rams expressed a F response, and when this response occurred, it was at a low frequency compared with S and PaCR, and there was
little variation in the incidence of F between the T and PT phases (Fig. 1).

During the T phase, TF was observed only in two rams (Tag No. 3 and 5), and Pu in one ram (Tag No. 5), with there being neither
of these responses during the PT phase. Thus, neither of these variables was included in the statistical analyses.

There were different combinations of the patterns (presence/absence) of the behavioral responses A, MA, and CM during the T
and PT phases, and in the percentage of assessment periods in which such combinations occurred. During the T phase, the combi-
nations of the behavioral responses, A/MA, A/MA/CM, or A/CM occurred in 42% of the assessments periods. In 50% of the as-
sessments periods during the T phase, A, MA, and CM did not occur. There were exceptions to the direct relationship between A and
MA or CM, where in 6% of the assessments periods rams had a MA response when there was not an A response. Also, there was an A
response during 2% of the assessment periods when there was neither a MA nor a CM response. It was noted that CM was always
preceded by A.

Comparing responses during the T and PT phases (Table 1), responses of A and CM increased markedly, either with or without a
MA response occurring (from 23% to 25% and from 11% to 63%, respectively). The assessment periods in which A, MA, and CM were
absent, decreased markedly (from 50% to 12%), and furthermore, during the PT phase the exceptions mentioned above did not occur.

The pattern was analyzed for changes of the reaction time (RT) in rams that achieved CM in both phases (Tag No. 1, 5, 6 and 8;
Fig. 2). At the beginning of the T phase (Ti), the average RT was 209 s, whereas at the end (Tf), it was significantly reduced (i.e.,
79.5 s; P=0.00017). The average RT during the PT phase was 38.5 s at the beginning (PTi) and 44.75 s at the end (PTf; P=0.69).
When comparing Tf with PTi, there was a significant reduction in the RT (P=0.01).

There was great variability in tS and tF without a discernible trend in the changes of these responses (data not shown). The
correlations among behavioral responses during the T phase (Table 2a) and the PT phase (Table 2b) were statistically assessed.
During the T phase, the behavioral responses that were correlated with CM were: A (0.82) and tF (0.34) (Table 2a). During the PT
phase, A (1.00) and PaCR (0.47) were correlated with CM (Table 2b). Furthermore, S was positively correlated with F, PaCR, tS, and
tF during the T phase, whereas there were no significant correlations between these variables during the PT phase.

3.1. CM analysis with GLM

With the first modeling (saturated), 2nd, 3rd, and 4th-degree interactions were not significant. When analyzing the explanatory
variables, only S and PaCR were significant for CM. The estimate of the S coefficient was negative (−0.128), whereas the estimated
coefficient for PaCR was positive (0.213) (Table 3a).

Table 1
Relationship among approaching, mount attempt, and completed mount.

Approaching (A) Mount attempt (MA) Completed mount (CM) T (%) PT (%)

− − − 50 12
− + − 6 0
+ − − 2 0
+ + − 8 0
+ + + 23 25
+ − + 11 63

–=absence; +=presence; T= training phase; PT=post training phase; %=percentage of assessments periods.

Fig. 2. Reaction time (i.e., time from when rams started to approach the ewe until CM) for four rams (Tag No. 1, 5, 6, and 8) during the training and
post-training phases. Mean and SEM values are shown for the data. Different letters indicate differences (P≤ 0.05) as analyzed using the one-way
ANOVA test and Fisher least-squares difference post hoc test. Ti=mean initial reaction time of the training phase; Tf=mean final reaction time of
the training phase; PTi= initial reaction time for the post-training phase; PTf= final reaction time for the post-training phase.
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The GLM formula explaining the CM variable for the rams was:
Glm (formula=CM ∼ −1+ S+PaCR, family= binominal, data= base)

= − +logit π x[ ( )] 0.1280 * S 0.2130 * PaCR

3.2. CM analysis with GLMM

There was a large amount of variability among rams with the GLMM calculated being:
Specified model in R: CM ∼ −1+S+PaCR+ (1 | ram)
Thus, the estimation of the model was performed (Table 3c) as:

= − +logit π x[ ( )] 0.5192 * S 0.8715 * PaCR

The comparison of the Akaike Information Criterion (AIC, Sakamoto et al., 1986) for both models conclusively indicated the best
fit for the GLMM, validating that the random effects by rams were highly significant (Table 3b). When the explanatory variables were
analyzed, S and PaCR were again the only significant variables for the model. As for the previous case, there was a negative coef-
ficient for S, whereas for PaCR there was a positive coefficient (Table 3c). Moreover, according to the model, CM was always
associated with PaCR expression.

Table 2
Correlations among behavioral responses, duration of sniffing and flehmen, and completed mount during training and post-training phases.

A. Training phase

Approaching Sniffing Flehmen Pawing-Chin resting Duration of sniffing Duration of flehmen

Sniffing 0.22
Flehmen 0.16 0.68*

Pawing-Chin resting 0.05 0.51* 0.40*

Duration of sniffing 0.08 0.45* 0.37* 0.18
Duration of flehmen 0.34* 0.33* 0.53* 0.09 0.31*

Completed mount 0.82* -0.03 0.02 0.04 0.10 0.34*

B. Post-training phase

Approaching Sniffing Flehmen Pawing-Chin resting Duration of sniffing Duration of flehmen

Sniffing −0.33
Flehmen 0.25 −0.03
Pawing-Chin resting 0.47* 0.19 0.53*
Duration of sniffing 0.13 −0.15 0.52* 0.18
Duration of flehmen 0.25 −0.09 0.87* 0.42* 0.40
Completed mount 1.00* −0.33 0.25 0.47* 0.13 0.25

* P < 0.05.

Table 3
Modelling completed mount as response variable.

A. Generalized linear model

Estimate Std. Error z value Pr(> |z|)

S −0.1280 0.0507 −2.523 0.0116
PaCR 0.2130 0.0734 2.903 0.0037

B. Likelihood test

DF AIC BIC logLik deviance Chisq Chi Pr(>Chisq)

CM ∼ −1 + S+PaCR 2 113.441 118.40 −54.721 109.441
CM ∼ −1 + S+PaCR + (1 | ram) 3 63.028 70.46 −28.514 52.413 4.5E−13

C. Generalized Linear Mixed Model

Estimate Std. Error z value Pr(> |z|)

S −0.5192 0.1592 −3.262 0.00111
PaCR 0.8715 0.2657 3.280 0.00104

Abbreviations: CM=Completed mount, S= Sniffing, PaCR = Pawing-Chin resting.
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4. Discussion

Amongst all rams, 50% had a CM during the training phase (50% success), whereas the rest of the rams had a CM later in the
experimental period. A plausible explanation for this would be the adapted social interactions among rams (Synnott and Fulkerson,
1984; Lindsay et al., 1976; Vázquez et al., 2012), and the fear of the novel environment and presence of humans (Romeyer and
Bouissou, 1992; Lankin, 1997).

According to some previous reports (Orihuela Trujillo, 2014; Bernon and Shrestha, 1984), there is great overall variability in
behavior among rams, regarding the response to the training process and the presence and frequency of sexual behavioral responses.
Some of these behavioral responses, such as pushing and tongue flicking occurred at very low frequencies and there were very few
rams expressing these behaviors, whereas other responses were much more common among rams (Fig. 1).

In the present study, the approaching response was a sexual behavior closely related to CM from the beginning of the T phase for
the rest of the experiment. Rams that did not have a CM during the T phase also failed to approach the ewe spontaneously. Among
these, 6% of the times, the rams attempted to mount after being manually manipulated towards the ewe.

The lack of approaching of ewes by rams could be explained by the fact that these rams were still habituating to the novel
environment. In addition, the reluctance to approach the ewe could have been affected by social interactions among males (Synnott
and Fulkerson, 1984; Lindsay et al., 1976) or by the fear of the presence of humans (Lankin, 1997; Romeyer and Bouissou, 1992).

The amount of training of the rams did not alter the presence of F, the duration of F, or the duration of S. These findings are
consistent with those of Odagiri et al. (1995), where F and S were thought to have a secondary and independent role in mating
behavior, and not be exclusively limited to the detection of estrus. Although there was a great amount of S at the beginning of the T
phase, it decreased gradually among the assessment periods of the experiment in all rams. Thus, there was a positive correlation of
the S response with F and PaCR during the T phase (Table 2a), and there was no correlation with these behavioral responses during
the latter part of the study (Table 2b). This resulted in a negative correlation being determined with the model for S as related to the
CM during the study (Table 3).

Considering the correlations and model used to assess results in the present experiment, pawing the side of the ewe with chin
resting was a reliable indicator for the CM. These results are consistent with those of Price et al. (1992) when studying serving
capacity in rams.

After the training phase, rams no longer expressed many of the sexual behaviors that they had earlier in the study for detection of
estrus in the ewe. Instead, they responded by assessment of the immobilization response of the ewe. This would imply there was a
decrease in the RT from when rams started to approach the ewe until the time of CM. Although the present study was conducted
under different conditions (training), Orihuela Trujillo (2014) described similar responses during intensive breeding. Although the
rams had different manifestations of the behavioral repertoire during the present experiment, results allow for the conclusion that
there is a reduction in the variety and frequency of the behavioral responses between the phases of the study. As a consequence the
RT decreased.

From the present results, training of rams for semen collection with an AV is thought to be a habituation which is a type of non-
associative learning (Abramson and Kieson, 2016), and thus, if the stimulus (ejaculation plus reward) is repeated frequently, young
rams could be trained for semen collection with an AV.

In conclusion, all young rams could be successfully trained for semen collection with an AV. The duration of the training is
dependent on the individual response to the training process. Furthermore, the training does not necessarily require hormone-treated
ewes for the rams to be habituated for the use of an AV for semen collection. The training process will occur in a shorter time period if
rams approach the ewe voluntarily in human presence, and even more so in those that additionally paw the side of the ewe, rest their
chin on her back and sniff the ewe. During the training period, rams easily adapt to use of the AV for semen collection, and as they
habituate to the procedure, the sexual behavior repertoire preceding the CM decreases and ejaculation occurs in a shorter time period
from when the ram is placed in the presence of the ewe.
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