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a b s t r a c t 

Twelve rams were used to confirm whether rams sexually activated in spring by light treatment increase 

social and sexual activities of non-treated rams in the presence of ewes. Males were divided into 2 

groups: light-treated rams (group L, n = 6), which were exposed to artificial long days (16 h light) for 

2 months (1 Nov-31 Dec), or non-exposed, control rams (group C, n = 6), exposed to the natural pho- 

toperiod. At the end of the long-day period, light-treated rams were returned to the natural photoperiod, 

groups isolated from each other. In mid-Feb, 3 rams from each group were put together such that 4 ex- 

perimental groups were created: the remaining light-treated rams (L, n = 3), the remaining control rams 

(C, n = 3), and the other treated (L-mixed n = 3) and non-treated (C-mixed, n = 3) rams, exposed to 30, 

30, and 60 ewes, respectively, in 3 separate paddocks. To identify each ram, large (30-cm-high) numbers 

were painted on the sides and rump of the males with washable sheep spray paint. Behaviors were doc- 

umented by 4 video cameras using 6 30-minute segments from 1600 to 1800 h the following day (27 

hours). C rams presented the lowest proportion of activities ( P < 0.01), and C-mixed rams exhibited pro- 

portions similar to L and L-mixed rams. C rams exhibited the fewest fight attempts ( P < 0.001), fighting 

( P < 0.05), pushing ( P < 0.001), and sniffing another ram. The groups differed significantly ( P < 0.001) in 

pushing, pawing, flehmen, and attempt mounting, and C rams had the fewest interactions. In conclusion, 

rams exposed to 2 months of long days at late-autumn early-winter increased social and sexual activities 

of unexposed rams. These observations can be explained by a “ram-to-ram effect”, which can enhance 

the endocrine activity of rams in sexual rest if they are joined with rams who have been made sexually 

active by a photoperiodic treatment. These findings suggest that socio-sexual interactions could be used 

to restrict out-of-season reproduction in this species. 

© 2022 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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In recent years, ”biostimulation” (i.e., the stimulatory effects on

he reproductive characteristics of females; e.g., the onset of pu-
∗ Address for reprint requests and correspondence: José A. Abecia, Instituto Uni- 

ersitario de Investigación en Ciencias Ambientales. Facultad de Veterinaria. Miguel 

ervet 177, 50013, Zaragoza, Spain. 

E-mail address: alf@unizar.es (J.A. Abecia) . 

2  

a  

m  

c  

h  

ttps://doi.org/10.1016/j.jveb.2022.12.003 

558-7878/© 2022 The Author(s). Published by Elsevier Inc. This is an open access article
erty, estrous expression, and ovulation induction, which are in-

uced by the presence of a male) in lieu of exogenous hormones

nd drugs has been advocated as a means of controlling and im-

roving the productivity of sheep and goats ( Martin and Kadokawa,

006 ). The avoidance of exogenous hormones and drugs might be

 long-term phenomenon and, therefore, it makes sense for ani-

al producers everywhere to move towards clean, green, and ethi-

al practices. The year-round presence of sexually active bucks that

ave been stimulated by 2 months of exposure to an extra-light
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Figure 1. Proportions (%) of ram-ram, ram-ewe, and overall activities of light- 

treated rams (L, n = 3), non-treated control rams (C, n = 3), and a mixed group that 

had three treated (L-mixed, n = 3) or three non-treated (C-mixed, n = 3) rams. Light- 

treated rams had been induced into a sexually active state by exposure to artificial 

long days (16 h of light/d) for two months (1 Nov to 31 Dec). In mid-Feb, three 

rams from each group were put together (L-mixed and C-mixed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

treatment in autumn and winter can prevent seasonal anestrus

in goats ( Delgadillo et al., 2015 ). If those bucks were removed in

the natural season of anovulation, females stopped cycling and en-

tered anestrus, immediately. In sheep, the presence of rams that

have been sexually activated in spring by exposure to long days

for 2 months prolongs the ovarian and estrous activity of Rasa

Aragonesa ewes in spring, effectively suppressing their seasonal

anestrus ( Abecia et al., 2015 ), advances the reactivation of post-

partum sexual activity in ewes in the middle of seasonal anestrus,

when they lamb at the end of the reproductive season ( Abecia et

al., 2017 ), or induces puberty in autumn-born ewe-lambs ( Abecia

et al., 2016 ). In addition, if used for a ram effect, sexually activated

rams significantly increase the proportion of sheep that become

pregnant and the number of lambs born per ewe in May ( Abecia

et al., 2017 ). The mechanisms involved in the induction of ovarian

activity in spring are mediated through changes in LH secretion

because light-treated sexually activated rams induce LH preovula-

tory surges in ewes in the seasonal anestrus ( Abecia et al., 2019 ),

and the continuous presence of sexually active rams prevents the

seasonal decrease in plasma LH concentrations in OVX + E ewes,

which prevents the seasonal negative feedback of estradiol on LH

secretion ( Abecia et al., 2020 ). 

Recently, we demonstrated that endocrine activity in bucks

( Delgadillo et al., 2022 ) and rams ( Abecia et al., 2022 ) in sex-

ual rest can be stimulated if they are exposed to sexually stimu-

lated bucks and rams, respectively, which we called "buck-to-buck”

and “ram-to-ram” effects, respectively. Furthermore, the bucks that

had been exposed to the buck-to-buck effect were, thereafter, able

to induce sexual and reproductive activities of seasonal anestrous

in goats by the "classical" phenomenon called the male effect

( Delgadillo et al., 2022 ). In both species, the presence of males that

had been sexually activated by light treatment induced an increase

in LH and testosterone in the stimulated bucks and rams. 

The aim of this study was to investigate whether rams that had

been sexually activated in spring by light treatment improved the

social and sexual activity of non-treated rams once they were ex-

posed to ewes. 

Material and methods 

Animals 

Twelve meat mixed-breed rams (Merino x Berrichon x Castel-

lana) were used. Males were kept in a shaded, open pen under

natural photoperiod before being assigned to 1 of 2 groups: light-

treated rams (group L, n = 6), which were induced into a sexually

active state by exposure to artificial long days (16 h of light/d) for

2 months (1 Nov to 31 Dec), and non-exposed, control rams (group

C, n = 6), which were exposed to the natural photoperiod. For the

treated group, artificial light was provided in the morning (0600 h

to 0900 h) and in the evening (1600 h to 2200 h), which was con-

trolled by an electronic timer, and light intensity was > 300 lux at

animal eye-level (Chemineau et al., 1992). At the end of the long-

day period (31 Dec), light-treated rams were returned to natural

photoperiod conditions, although both groups were kept isolated

from each other. 

In mid-Feb, 3 rams from each group were put together such

that 4 experimental groups were created: the remaining light-

treated rams (L, n = 3), the remaining control rams (C, n = 3), and

a mixed set that had treated (L-mixed, n = 3) and non-treated (C-

mixed, n = 3) rams, which were exposed to 30, 30, and 60 ewes,

respectively, in 3 separate paddocks. To identify each ram, large

(30-cm-high) numbers were painted on the sides and rump of the

males with washable sheep spray paint. Ewes were not hormone-

or light-treated. 
26 
Behavioral records 

Activities were documented by 4 video cameras (Samsung SDC-

9443BC) that recorded 6 30-min segments from 1600 h (hour

0), when rams had their first contact with ewes, until 1800 h

the following day (hour 27). For each ram, 2 classes of activities

were recorded: ram-ram activities (fight attempt, fighting, pushing,

touching, ram sniffing, bullying, ram mounting, and pawing), and

ram-ewe activities (chasing ewes, pushing ewes, anogenital sniff-

ing, urine sniffing, pawing, flehmen, approaches, attempt mount-

ing, and mounting). 

Statistical analysis 

The IBM SPSS Statistics program for Windows (26.0) was used

to analyze the data. Normality was assessed by the Kolmogorov–

Smirnov Test. The X ² test was used to detect statistically significant

differences among groups in the distribution of the frequency of

each activity recorded. 

Results 

In the experiment, most (68%) of the interactions were between

rams, rather than ram-ewe (32%), although the frequency of ac-

tivities differed significantly among groups in ram-ram ( P < 0.05),

ram-ewe ( P < 0.01), and overall activity ( P < 0.001) ( Figure 1 ). C

rams exhibited significantly ( P < 0.01) fewer interactions than did

the other 3 groups, and L, C-mixed, and L-mixed rams exhibited

similar proportions of activities. 

Anogenital and urine sniffing, and chasing ewes were the most

common (57%) interactions exhibited by rams ( Figure 2 ). Touching,

bullying, and fighting other rams were the most common ram-ram

interactions ( Figure 3 ), and anogenital sniffing was the most com-

mon ram-ewe interaction ( Figure 4 ). The distributions of ram-ram

( Figure 5 ) and ram-ewe ( Figure 6 ) activities differed significantly

among groups. With the exception of ram and pawing mounting,

the distribution of ram-ram interaction differed among groups,

and the C rams exhibited the fewest fight attempts ( P < 0.001),

fighting ( P < 0.05), pushing ( P < 0.001), and sniffing another rams.

C and L-mixed rams had the fewest touching rams ( P < 0.001),

and L and C rams had the fewest bullying ( P < 0.001) activities

( Figure 5 ). Among ram-ewe activities, groups differed significantly

( P < 0.001) in the frequencies of pushing, pawing, flehmen, and

attempt mounting, and the C groups exhibited the fewest activities.
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Figure 2. Proportion (%) of ram-ram activities, and ram-ewe activities, exhibited 

by rams, documented by four video cameras that recorded six 30-minute segments 

from 1600 h (hour 0), when rams had their first contact with ewes, until 1800 h 

the following day (hour 27). 

Figure 3. Proportion (%) of ram-ram activities exhibited by rams documented 

by four video cameras that recorded six 30-minute segments from 1600 h (hour 

0), when rams had their first contact with ewes, until 1800 h the following day 

(hour 27). 
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Figure 4. Proportion (%) of ram-ewe activities exhibited by rams based on data 

recorded by four video cameras that recorded six 30-minute segments from 1600 

h (hour 0), when rams had their first contact with ewes, until 1800 h the next day 

(hour 27). 
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Differences in the behavior of the L and C rams indicated that

he light treatment was effective in inducing an intense sexual ac-

ivity in treated rams in spring. Rams that had been induced into
igure 5. Proportion (%) of ram-ram activities of light-treated rams (L, n = 3), non-treate

ixed, n = 3) and three non-treated (C-mixed, n = 3) rams. Light-treated rams had been

ight/d) for two months (1 Nov to 31 Dec). In mid-Feb, three rams from each group were

27 
 sexually active state by exposure to 2 months of long days in-

uenced the sexual activity of non-exposed rams within a short

ime because the latter exhibited behaviors within the first 24 h

ogether, that was similar to that of the treated rams, and even

etter than their control mates, which remained isolated with the

wes. 

Our research has demonstrated an acute increase of plasma LH

nd testosterone concentrations in rams in sexual rest after the

ntroduction of sexually activated rams ( Abecia et al., 2022 ). The

hort-time increase in both hormones was evident within the first

 h after the introduction of the stimulating rams and persisted 24

 afterward. In addition, we have documented that type of stimu-

ation of endocrine activity in the males by the presence of light-

reated bucks ( Delgadillo et al., 2022 ). In this species, the presence

f stimulated bucks induced sexual and reproductive activities in

easonally anestrous goats, which was similar to that of the male

ffect, such that stimulated rams induced ovulation in goats later.

n our experiment, probably, the L rams induced the same response

n the C-mixed rams such that the latter showed activity similar

o that of the light-treated rams, which was significantly differ-

nt than that of the C rams, which were kept isolated from the

 rams. 

Maina and Katz (1997) found that interactions with previously

ated males enhanced the sexual performance of rams and sug-
d control rams (C, n = 3), and two mixed groups that contained three treated (L- 

 induced into a sexually active state by exposure to artificial long days (16 h of 

 put together (L-mixed and C-mixed). 
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Figure 6. Proportion (%) of ram-ewe activities of light-treated rams (L, n = 3), non-treated control rams (C, n = 3), and two mixed groups that had three treated (L-mixed, 

n = 3) and three non-treated (C-mixed, n = 3) rams. Light-treated rams had been induced into a sexually active state by exposure to artificial long days (16 h of light/d) for 

two months (1 Nov to 31 Dec). In mid-Feb, three rams from each group were put together (L-mixed and C-mixed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gested that the cues involved might be the scent of the ewe, a

scent associated with the actual mating activity, or some behav-

ioral cue displayed by the stimulus ram. Price et al. (1991) , how-

ever, found that the sexual performance of mature rams was not

enhanced by exposure to a copulating ram. Furthermore, observ-

ing the mounting behavior of other males that were competing

for females did not increase sexual performance compared to that

of rams that had observed a group of males alone in a pen or

an empty pen ( Price et al., 2001 ). In addition, direct competition

for ewes in estrus failed to increase the sexual performance of

rams in subsequent serving-capacity tests. Apparently, the high

sexual activity exhibited by control rams that had joined light-

treated rams in our experiment was not caused by observations

of light-activated rams copulating (no matings were recorded), or

by interactions with ewes. That said, if rams respond to expo-

sure to estrous females by exhibiting a significant increase in LH

pulse frequency, and in basal and mean LH and testosterone levels

( Gonzalez et al., 1988 ), and increases in LH and testosterone con-

centrations can be detected within the first 4 days if rams are in

continuous contact with estrual ewes ( Ungerfeld and Silva, 2004 ),

it can be argued that the introduction of ewes in the groups of

rams might have caused the increase in the sexual activity of rams.

In our experiment, however, the ewes were not synchronized into

estrus by any hormone or light treatment, and the experiment oc-

curred in the seasonal anestrus period; therefore, presumably, few

ewes could have exhibited estrus when they were housed with the

rams. Therefore, we suggest that neither the mating performance

of other rams nor the presence of ewes influenced the response of

C-mixed rams. 

Conclusion 

In conclusion, rams that had been exposed to 2 months of long

days at the end of winter increased the social and sexual activities

of unexposed rams 40 days after the former were returned to the

natural photoperiod. These observations can be explained by the

“ram-to-ram effect” described by our group, which can enhance

the endocrine activity of rams in sexual rest if they are joined

with rams who have been made sexually active by a photoperi-

odic treatment. These findings suggest that socio-sexual interac-

tions could be used to restrict out-of-season reproduction in this

species. 
28 
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