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CHAPTFR I
INTRODUCTICN

Studies of sheep mating behaviour have, in the past tended to
concentrate on the statistical parameters associated with mating be-
haviour and the copulatory act (Berzant et al., 1969,a,b,0; Haughey,1959;
Hulet et al., 1962a,b,0; Inkster,1957; lambourne,195€; lLindsay and
Fllsmore,1972; Lindsay and Robinaon,1961; -epelko and Clegg,1965) and
have all but ignored a close analysis of the motor acts of the ram and
the ewe and their relationship to one another, The result is a body of
knowledge having immediate application, espeoially in efficiency studies,
but lacking a firm foundation so that studies could still be found as
recently as 1967 on shesp mating behaviour, that gave brief Jesoriptions
of some motor acts that were, and remained, unnamed (NMattner et 8l.,1967).

Banks (1964) drew attention to this situatior and although his
study did much to rectify this, it was by no means complete, The account
of Hafes et al, {1969) can be viewed in much the same light - though
providing more descriptive information than many other investigations
(Bourke,1967; Lindsay,1966; lindsay and Fletoher,1972) including severel
of his own (llafes,1951; liafes,1952), certain basic inadeguacies were
still apparent, The inadequacies of previous desoriptive studies became
especially evident during the preliminary stages of the present study,
xhen it became obvious that the sexual behaviour of sheep was much mcre
complex thar the earlier studies had indicated,

Preliminary observations were conducted in 1972 to provide
inforzation for a more detailed study in 1973 and enable recording and
management techniques to be refined. The preliminary observations
consisted of:

a) observations of the sexual behaviour of a Southdown flock oon-
sisting of one ram and fif'ty-six entire ewes during Farch and
April of the 1972 breeding season,
and b) observations of the sexual behaviour of two vasectomiged omney
rams and twelve ovarieotomised Romzney ewes in which oestrous
behaviour was induced using Cestradiol Renscate (C.B.) during
August, Septesber and November 1972 and Jaruery,1973.

Because of the above mentioned inadequaocies in previous investi-
gations, this study aimed to record and investigate the sexual behaviour
of domestic sheep, and secondarily to propose a standardisation of the



nomenclature of the sexual behaviour patterns of sheep as a basis for
future studies, During the 1973 breeding seascn, studies of the sexual
behaviour of sheep were conducted on a mixed flock of entire and
ovariectomized ewes running with a Southdown ram. As a result of these
observations the thesis presents a detailed description of sexual
behaviour patterms in sheep with a discussion of some possible funotions
(Chapters Two, Three and Six) and alsc discusses an investigation of a
behavioural managexent problem anid the statistical findings regarding
physiological and behavioural responses to the hormone treatment given
to the ovariectomized ewes during this investigation (Chapters Tour
and Five),
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CHAPTSR 17

THE SEXUAL BEHAVICUR PATTERKS OF THE RAM AND EWE

Description of Saxual Behaviour Fatierns

The sexual ! behaviour pattem‘z desoribed are composite
descriptions compiled from recordings of the sexual behaviour of entire
(Southdowr) and ovariectorized (Romney) ewes and entire (Southdown) and
vasectomised (Romney) rams observed over a period encospassing two
natural breeding seasons as well as observations of artifically induced
sexual behaviour oocurring outside the natursl breeding season.

Cne of the most noticable features of the sexual behaviour of
sheep 18 the great variation in the performance of the sexual motor
acts between individual animals. Similar findings were made by Ranks
(1964), Tambourne (1956) and tulet et al. (1962a).

Recause of the composite nature of the descoriptions and the
individual variation in performance of sexual behaviour patterns, the
following descriptions are generalised accounts only.

~ames used for the motor acts described in t'is study are
generally the ones with the most common usage or those that aid
desoription. Yany of the nares given are ones that were used by
Geist (1971) though several were 'coined' during this study.

L The term 'sexual behaviour' was used instead of 'reproductive
behaviour' (which pertains not only to sexual behaviour, but also
behaviour assooiated with parturition and care of young) or 'mating
behaviour' (which is behaviour associated with the mating act only)
because some of the behaviour patterms desoribed are used in encounters
botween the ram and anoestrous ewes in which sexual aots, but not
copulation oocour,

- The terms 'behaviour patterm' and 'motor aot' were used rather than

'fixed action pattern' (F.A.P.) not because any assumption was made of
the development of the behaviour pattern but because the term fixed
would be an incongruous label for patterns that are not overtly fixed,
but show wide variation between individual animals,



he
The procedure of separating the 'male’' and 'female' behaviour

patterns as adopted by Banks (196.), Lambourne (1956) and Hafes et al.
(1969), has not been followed here because very few of the behaviour
patterns listed are strictly rale or female prerogatives, but may be
performed by both rams and ewes,

Approach

An approach is a movement towards an animal of the opposite sex,
8o that the animals come ‘into contact' .3 Fither sex can approach the
other, An aprroach may be preceeded by staring at the animal about to be
approached, This staring appears to be an intention movemsnt and has been
reported by Geist (1971) as ocourring in the wild sheep he studied,

A oomzon form of approach oocurs when a ram ends a bcut of
feeding by walking to a group of ewes and sniffing each in turn. The
ram is then said to have 'approached' the ewes, that is, he has initiated
a sexual interaotion with each ewe he sniffed,

¥ost approaoches are made from the side or rear of a stationary
animal and most approaches culminate in some type of investigatory or
(other) oourtship behaviour, Some approaches are terminated short of the
approached animal, There is evidence to suggest that sheep recognise eaoh
other by sight (Geist,1971) and this is proably the reason for interrupted
approaches,

An approach was scored as a direotional arrow on the recording
sheet (see Appendix Cne), indiocating which animal displayed the initiative
in originating the contact. A y behaviour patterns, such as a 'low stretch',
that accompanied an approach were recorded separately,

Sniffing (see Plates 1,2,3,4.5 and 6)
The three areas that attracted olfaotory investigation were

distinguished between during recording. These areas were :

a) the face and neck

b) the flanks

o) the periansl region and genitalia,

Sniffing was performed by both rams and ewes and mutual sniffing
was oommon, Most sniffing occurred at the ocommencement of an interaction dut
it could alsoc continue to ocour throughout the interasction, especially
eniffing of the genitalia,

3 Kattner et al, (1967) used the term 'approach' to desoribe a number
of inveatigatory and courtship behaviours of the ram,
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Whether the face and neck or flank is sniffed depends on the
orientation of the animals to one another. WNeither of these two regions
seemed to be more important than the other, but the perianal and genital
region was favoured by both sexes and they would of'ten sniff this
region af'ter sniffing the face or flank,

Sniffing the flank, face or pcrineum affords olfactory recog-
nition of individual sheep (Ewer,1965). Such recognition of individual
animals allows a rar to act adaptively when meeting known flockmates,
and the animals can then carry out necessary functions with a minimum
waste of energy. ¥hile the basic function of sniffing is investigation
and recognition, there is nc doubt what so ever that it is also used as a
general courtship pattern after the need for investigation has been
satisfied.

Nosing (nuzzling) of the perineum and genitalia, and occasionally
face and flank, is a comazon behkaviour in rams and ewes, It was included
in the 'Sniffing' category of behaviour during recording because of the
diffioculty in distinguishing between an actual sniff, and a sniff
involving nosing (ocontaot). Licking is included in this category for the
same reason, It ococurs most often in rams investigating the vulva of
the ewe, Banks (1964) observed that some rams may actually nibble the
vulva of the ewe, and Geist (1971) reports that gustatory contact often
tekes place when rams sniff the rear of ewes or subordinate rams,

The perianal-genital region appears to be quite important in
precoital behaviour, probably because it supplies important olfactory,
and possibly gustatory, cues to the identity and ocestrous state of the
ewne (and ram), (Fisenberg and Kleiman,1972; Fletcher and Linrdsay,1968;
lindsay 1965). The nuszling of the vulva by the rem, and conversely
the scrotum and penis by the ewe, involves more pressure than is actually
required for investigation and may be used to prompt or induce oestrus in
ewes, and therefore could be one of the factors involved in the 'Whitten
effect' * (Fraser,1968).

i The 'Fhitten effect' is a phenomenon in which synchronization and
induction of oestrus in mice can be achleved by the introduction of a
male mouse into a colony of female mice, There is evidence that such an
effect is manifest in a variety of ungulate species. 1t has already been
recognised as occurring in sheep, (Clegg and Gangong,1969; Hulet,1966;
Lishman and Hunter,1966; Riches and Watson,1954; Schinckel, 1954 a,b).






PLATE 1
Ran and “"we in a Tace-=to-=Face “ncounter
Involving Sniffing and lLicking, following a wist,

PLATE 2
¥we Nuzgling the Chest of the =ar,






PLATE 2

Ram Snif'fs the *lank of a “we,

PLATE
“we Sniff{'ing Perlneur of lam,

7e






PLATE
*we Sniffing Genitalia of Rar,

Ram Sniffing Genitalia of ~we,
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Tacial sniffing and other face-to-face encounters are conducted

with ouch mutual pinnse movenent. Cenerally the pinnae are moved back
anl forth in a horizontal plane. iinnae movements in the ram, especially
depression or flicking tack and forth aleo accompany copulation and the
Flehmen, None of these movements were quantified but they appeared at
their most 'expreesive' (involving the most frequent, and greatest de-
gree of movewment) in the face-to-face sniffing encounters. Recause of
the agyressive implications of face-to=-face encounters 'This study and
Geist,1974) the pinnae wvvenents are probably of importance. innae
posture in elephants (:lihwe,1963 cited by ilirde,1371) anl cats
{Leyhausen,1956 cited by !inde,1971) is partially irdicative of aggress-
ive and fear tendencies, so it is probable that pirnae movewents in sheep
express similar tendencies and are therofcre, communicative — perhaps
fulfilling an appeasement funotion during ccurtship,

Urination “esponse (see ~late 7)

In the courtship context, the ritualised urination response is
nerformed by a ewe for the »am, but it may slso be performed by a sub-
crdirete rar when a dominant rarm i1s 'courting' it. Only urination res-
ponses that occurred during ram-ewe interactionas were considernd,
fUrination as a rituslised response ocours in other contexts as well, see
~hapter Three, <ection ?),

“wes urinate from a squattirg position thcughr the depree to
which a ewe crouckes to elimirate urine varies frorm ewe to eve. 2 ewe
urinates in respcnae tc the annroach, aniffing er ccurtship of the rar,
“ome ewes urinate quite readily for the ram, others only after persistent
ccurting, soretimes followed by agrressive butting, feist (1971) found
"the more of'ten a ewe was courted, the less of'ten she urinates,” and ccn-
cluded this was "prodably because she ran out of urine”, This facet of
the urination response wasn't examined ir this studv.

Sniff urine (see rFlate &)

In the sexual context, the urine sniffing behaviour i1s per-
forzed by a rar over the urine of a ewe, Usually, the rem is behind the
ewe as she begins to urinate, but if not he will attempt to thus orient
himself when a ewe starts to urinate. If he is successful he may nose
and lick the urine as it is voided as well as lick at the wulva. If the
ran does not reach the ewe until she has finigshed mioturating he usually
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PLATE 7

“we Urinating for the “an,

YT AT
FiLALE 8

Ram niffing the Urine of a “we.,
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sniffs and noses the wet urine patch on the ground and sometimes sniffs,
licks or nuzzles the vulva of the eve. It 18 not usual for a ram to ignore
the uriration response of a ewe in his proximity, Cn occasions it was
noticed the ram failed to respord to a ewe urinating, but the observer
could not be sure that the raz was aware of the ewe doing so. Rams have
been seen to pay attention to urine spots they encounter on the ground
several minutes after a ewe had left it, anl alsoc respord {with “lehmen -
see below) after sniffing the vulva of a ewe who urinated soveral ninutes
prior to his approach.

In other contexts, such as ram-ram encounters, rams may snif'f each
other's urine, or in aggressive encounters invclving females a eve may
sniff the urine of another ewe. Cnly oncc was a ewe seen to sniff the
urine of another ewe in a saxual context. ~he was part of the ram's

haren and sniffed the urins just after the ram had done so,

The Flehmen (1lip curl or ‘'olfactory reflex'} (see Mates 9 and 10)

The ¥lehren was first named and described by “chneider (1930;
oited by Ranks, 1964) as a behaviour comron to most ungulates., The
vlehmer in sheep has beer described by a number of authors, including
RBanks (196h4), Geist (1971) Fafez ot al. (1969) and Vattner et al. (1967).
The behaviour is sometimes oalled a lip curl or olfactory reflex but
Flehmen has the most wide usage,

Irn sheep i1ts most common ocourrence is in the ram, just after
the ram has sniffed or tasted the urine or vulva of a mioturating ewe,
It may also ocour in male interzactions when a ram flelms after sniffing
or tasting the urine of a second ram, or its own urine (or ejaculate-
Geist,19741), Twes are also capable of perforring this behaviour though
it occurs only rarely. Two ewes were seen to flehm during the course
of observation for this studv. Both Flehmens were over the urine of
another ewe,

After smelling or tasting the urine of a ewe the ram raises his
head swif'tly and holds it approximately 30 degress above the horisontal,
The mouth is opened slightly and the upper 1lip is retracted (ourled) to
expose the palate while the bottom lip is lowered to expose the inoisors,
With the nostrils flared he then pants with short breaths, apparently
through both the nose and mouth, and may also move the tongue back and
forth within the mouth, These 2otivities permit an unimpeded passage
of air onto the pslate and into the nostrils,
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PLATE
The Flehmen Response.

PLATE_10
The TFlehmen Response.



13,

The pinnae are usually flioked forward briefly at this time, then
moved back until the finish of the Flehmen. The ram scmetimes swings the
head slowly to eaoh side in a horisontal aro and often finishes the be-
haviour by lioking his 1lips and nose. The duration of the behaviour
varies (10-10C seoonds) between rams and also with time for eaoh individ-
ual ram, as does the degree of head raising and/or 1ip ocurling. The
Flehmen is sometimes repeated, usually at a lower intensity than the first
and sometimes without sniffing the urine for a second time.

The usual orientation of the ram when performing the Flehmen is
behind the ewe with the nose olose to the ewes' vulva and the body in
line with, or at an angle to that of, the ewe, The Flehmen does not
appear to be directed at the ewe, who usually moves away or begins to
feed after urinating without watohing the ram, nor at any other sheep in
the vioinity of the rar, The function of the Flehmen is still in doubdbt,
though a number of theories have been put forward as to its possible
function, Knappe's (1964) theory that the Flehmen posture enables the
vomeronasal organ to indiilge in sensory aotivities, and some evidence in
support of it, is diseussed in Chapter Three, Section 'R',

Low ctretch, Twist and Front Kiok (see Flates 11,12,13 and 14)

The next three behaviour patterns to be detailed have been des-
oribed by Ranks (196)) who considered therm as sub-acts of the one dis-
play (he) called the 'mudge'. During this study the behavicur patterns
were treated as separate displays because eaoh pattern could be, and
of'ten was, performed in isolation without the other two. Then the three
patterns were performed together, any one of the three patterns oould be
performed at any frequenay in the encounter, or be omitted from it, and
the patterns were performed in no particular order, Tor this reason they
appeared to be somewhat independent of each other and so were treated as
separate displays during recording. Geist (1971) also desoribed the
behaviours as separate displays and named them, The names that were given
to the three displays in this study have been ohanged to those used by
Geist (1971).

As with the other behaviour patterns sc far desoribed, there is
a great deal of variation in the performance of these behaviour patterns
between individual rams, and at different times by the same ran, Some
razs fail to perf'orm one or more of the patterns or may perform modified
forms of them,
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The displays are used outside the true courtship context by domin-

ant rems on subordinate rams, ¥twes were not seen displeying any of these
behaviour patterns but Ceist (1971) saw Bighorn (C.cansdensis) ewes display
in the low stretoch on several occasions,

1)

11)

Low Stretch. To perform this display the ram crouches and lowers

and twists its head to point at a particular animal. The behaviour
is directed at a ccurted fezale (or male), usually in olose proxi-
mity to the ram, though on one oocasion a ram was seen to direct the
display at a ewe at least 4LC metres from him, The display is of'ten
accompanied by a slight wrinkling of the nose and rapid tcngue
flicking, as well as harsh, 'burbling' vooalisations,

Some rems fail to perform this display while in others it varies
from a momentary twisting of the head directed at a ewe, to a very
noticable crouch with the body and legs tense, the head lowered and
twisted and accompanied by tongue flicking and vocalisation, The
duretion of the display is variable (2-20 seconds) and the display
may be repeated, Its most frequent occurrence is when a ewe avoids
a courting ram. The ram follows the ewe, stops several metres frum
her and displays in a low stretch. The ewe usually watches the ram
as he performs this belaviour pattern and often responds by standing
for further oourtship,

Geist (£971) oonoluded that the low stretch was a horn display,
and described the behaviour as one of the most oommon sooial patterns
used by the sheep he studied. The lack of horns in many domestio
breeds oould aooount for the greater variation in, and apparent low
intensity of performance of the low stretch in domestio breeds com-
pared with its execution in the wild sheep(C.canadensis, C.dalli,
0.dalli stonei, C. nelsoni) Geist (1971) observed, if the low
stretch is a horn threat,

The Twist. In this displays' nost typical form the ram orients

himself behind, and faces the same direotion as, the ewe., The rum
then brings his shoulder into oontact with the fiank of the ewe,
lowers and twists his head and makes a short jab with his mussle at
the ewe's flank, At the same time the rem usually makes the 'burb-
ling' vocalisations (courtship oall- Banks,1964) and flicks his
tongue in and out of the mouth (tongue flioking), and he may lick
the flank of the ewe. The ewe of'ten turns her head to watch the
ras during this display.

The difference between the twist and low stretah is;
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PLATE 11
Ram Displaying in lLow Stretch,

PLATE 12
Ran Performing Twist Display.
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a) The twist involves shoulder, and sometimes muszle, contact with
the ewe's flank whereas the low stretaoh does not,
b) There is a speoifio orientation for the twist display while the
low stretch is directed toward the ewe from any ram position, and,
o) the twist is often accompanied by the front kick,
Banks (1964) failed to distinguish between the lov stretoch and
twist and s0 recorded that the twist (nudge sub-aot) did not re-
quire contact., Geist (1971) makes the distinction and observes
"the twist is similar to an intensified low stretch"., It is poss-
ible that the low stretch is an intention wovement for the twist
(see Chapter Six),

111) TFront Xick. The front kick is performed with an extended foreleg
which 18 1ifted straight in a swif't, chopping motion directed at
the flank, udder or hind legs of the ewe, Cccasionally the ram
may strike the ewe on the chest or front legs while executing a
frent kick, The front kick i1s also performed by dominant rams in
encounters with subordinste males.

The kick is of'ten repeated and may be accompanied by a shoving
of the recipient animal with the chest of the ram performing the
kick, In the sexual context when the ram 18 interacting with
ewes the behaviour of'ten accompanies a twist, being delivered
simul tanecusly with the jabbing mction of the ram's muzsle at the
flank of the ewe, The front kick is only rerely performed by
ewes, and then only by dominant ones., (Ceist,1971).

Cne of the study rams of'ten exeocuted a 'front kick' with a hind
leg although he was capable of performing it with a front leg also
(see Plate 14). It is not known how wide spread this variation
is or whether it was just an i1solated aberrant case,

Yany other ruminants display the front kick (%wer,1968) though
there i1s some variation between groups, Because of its assoo-
iation with other display threats Geist (1971) believed the front
kick mnctionidu "a oontact display threat", Cbservations in
this study indicated that in the courtship context, the front kiok
could serve as an intention movement for the mount (see Chapter Six).

Mount and 'mggs (see Plates 15,16,17,18 and 19 and 20)

Male behaviour patterns association with service inolude;
mounting, erection, pelvic osoillations, intromission, ejaculation, As
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PLATE 13

Ram Lifting Fore lLeg to Perform Front Kick,
“we 41 1s Attempting to Interfere with
the Ram ani Ewe 3,

PLATE 1
Ram Performing ¥odified Front XKiock
with Hind lLeg.
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well as these major events there are other patterms such as chinning,
false mounts, ejaculatory leap, orgasm reaction and aggressive butting,

Por the mount the ram orients hinmself behind the ewe, raises his
fore end of'f the ground and lunges forward to straddle the rear quarters
of the ewe, clasping her flank with his fore legs, Partial penile
erection usually occurs as the ram mounts the female,

It is cormon for the mount to be preceeded by a behaviour
called 'chinning' in which the ram rests his head and throat on the
rump of the ewe (%alther,1958, cited by ~wer,1968, desoribes a similar
behaviour in the ¥udu, Tragelaphus strepsicercs, It is also common in

many other bovids,), and by attempted mounts in which the ram only
partially raises his fore end off the ground then slumps back to a stand-
ing position, BRoth of these behaviour patterns way be repeated before a
mount ocours or the mounting attempts may be broken off by the ram or
ewe at this stage.

Cnce mounted, the rac may slide off the back of the ewe without
showing any oclasping, thrusting or intromission, in which case a 'false
mount' is said to have occurred (Fraser,1968), If the ram stays mcunted,
clasping takes place, pelvic oscillations begir and full erection occurs
as the ram thrusts for the vulva of the ewe., This behaviour constitutes
a true mount, The ram may dismount at this stage and remount again,
repeating this activity several times, and may then bresak off the
enoounter or continue to mount6 and thrust until the tip of the penis
meets a lack of resistance at the vagina., Pepelkc and 7legg (1965) re-
port that at this stage the ram pauses briefly, "sometimes almost too
brief a tite to recognise”, A pause at this stage was not detected in
the rams observed for this study.

5 The words tupp, servioe and copulation, as used in this study, are

synonymwous with intromission, This is not always the case in husbandry
terminology, for a reddle marked ewe may be referred to as having been
tupped or served when often there is only evidence of mounting,

6

Up to eleven mounts have been recorded before the ram was suoccessful
in achieving intromission on the twelf'th mount,
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¥ith the start of intromission the ram makes a very deep thrust
that is of'ten of sufficient stremgth to move the ewe forward and to 1ift
the ram's hind legs off the ground, EJjaculation almost always7 follows
this deep thrust. Banks (1964) noted that pelvic osaillations continued
after intromission had been accomplished, a finding whioh contrasts with
the single ejaculatory thrust (on intromission) noted in this study and
by Hafex (1962), Hafez et al. (19693), Yattner et al.(1967) and “epelko
and Clegg (1965).

Upon ejaculation the rar's respiratory rate increases (Ranks,
1964), the pinnae are pulled back, the nose wrinkles, the eyes oper wide
and the muscles of the hind legs contract (see Plate 18), These events
are called the 'orgasm reaction' (Hafes,1962) and it is the ejaculatory
thrust, orgasm reaction and following quiescent period that are the
behavioural svidence of a service (or tupp).

After ejaculation the ram dismounts and the penis retracts back
into the prepuce, The behaviour of the ram immediately after service 1is
variable, but most often the ram stands quietly, his head drvoped, paying
1little attention to the ewes in his vicinity. It is comrion for the ram
to 1ie down or begin feeding after several minutes of standing quietly
following a service, Sometimes the ram may begin to court the ewe he has
Just served, or a fresh ewe, (n several oooasions, when a ewe persisted
in soliciting the ram after he had served her, the ram put his head
against her head or neck, uttered a harsh growl and then butted and chased
the ewe away,

Founting, like many other courtship patterns, 1s used in the
expression and maintenance of dominance in sheep - particularly rwales, and
the mounting of rems by a more dominant ram is a common oocurence,
“rection and thrusting occurs in decminance mounting but anal intromission
and ejaculation were not observed, nor reported by Geist (1971) who also
observed dominance mounting. }Mounting by females, of males or females,
18 rare (GCeist,1971) and was not observed during this study.

A further ram sexual behaviour is 'spontaneous ejaculation' or
masturbation, It was observed only twice and Ceist {1971) reports it as
being relatively unoommon also. In spontaneous ejaculation the penis is

7 pepalko and Clegg (1965) found that out of fifty observed intro-
missions, only three were unacoompanied by ejaculation and in these
three the thrusts Bad been weak and penetration probably shallow,
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extruded fully and the back is hunched to bring the penis to the side of,
and beyond, the forelegs. The ram then executes several stumbling steps
and ejaculates, apparently by stimulating the penis with the forelegs. A
ram may also nuzzle the penis while masturbating in this manner., ‘pon-
tanecus ejaculatiorn is widespread in the caprids and rupicaprids also and
is usually associated with scme social activity, either with males or fe-
males, or may occur after arising in the morning (Ceist,1971).

The behaviour patierns assoclated with service that were recorded
as separate patterns were; attempted mounts, mounts, tupps and chinnirg.
Cther responses that occurred in conjunction with these patterns, such as
feeding, resting and other courtship activity, were recorded also,

Looking Back (aee Flate 21)

The behaviour pattern called 'looking back' is peculiar to ewes
(and subordinate rams) when courted by a ram, or when approached by a
oourting ram from the rear., To 'look bdack' the ewe swings her head to the
side and stares back past her shoulder et the rar. This stering at the
raz can last for up to 3C seoonds and may be repeated ofter during the
encounter with the ram. It ie most coxrmonly exhibited by oestrous ewes
standing for the ram's courtship., As head rotation is not necessary for
a eme to see a ram standing behind or to her side, the degree of head
rotation involved in 'looking back® indiocates that this behaviour is more
that just funotional (to sight the ram) and is a communicative courtship
display.

Looking back is one of the most passive of the ewe displays and is
often the first behavioural imdication (for the observer) that the ewe is
approaching heat, Barks (1964) defined the eotivity (and ram following
which is of'ten assooiated with it) as a low intensity response that appears
in the first 3-5 hours of the ewe's ocestrus.

Following

Following was not recorded as a separate ewe display - the status
that Banks (1964) gives the activity - in this study, Following is ex-
hibited by ocestrous ewes that are part of the ram's harec and attempt to
stay in the hares hy moving with the raz when he moves. The equivalent
of following was corded by; a) noting the identity of the animal that
initiated the interactions between the ram and evwe, and b) noting at
various times throughout the observation periocd, the identity of the
ewes in the ram's haren,
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Rams will follow ewes at times, usually if a ewxe moves away from
the ram while he is courting it, or if a ram wishes to investigate a ewe
who is on the move. This type of following was not considered an actual
display, bdbut part of active investigative behaviour,

Tail Fanning

The tail fan is a courtship behaviour exhibited by ocestrcus ewes,
When tail fanning the ewe wagrles the tail rapidly from side to side. A
similar behaviour occurs in does (Hafez et al.,1969), but unlike ewes,
the doe reises the tail and wavea it like a small flag, Tall fanning is
exhibited about the middle of the ewe's cestrous period when her courtship
ray become very active, and is usually in response to courting by the ram
or during rubbing and nuegsling of the ram by the ewe,

Tail fanning was not seen in ancestrous eses nor in males being
‘courted’ by a dcminant ram, Geist (1971) does not merntion the behaviour
but Banks (1964), Hafes (1962) and !lafez et al, (1969) record it. ‘'afes
et al, (1969) report that tail fanning can occur in rales though it is
rare. Jt is quite common in the ewe, probably occurring more frequently
than recordirngs indicate because it is difficult to detect if the ewe is
facing away, or is any great distance from (50 metres or more), the
observer,

The function of tail fanning is not known, but it is interesting
to note that it also ooscurs in nursing lambs, another type of encounter

requiring close conteot,

Rubbing

in the rubbing display, the ewe (or subordinate male) rubs the
head, neck and body against the ram, quite of'ten rubbing itself along
the full length of the ram's flank, 2Rubbing is one of the more intense
female sexual behaviour patterms in sheep and it is of'ten used by an
oestrous ewe to distract or interrupt a ram when he is courting another
ewe (interference - see below). In the ewes observed, rubbing was not
as frequent nor as intense as that described by Ceist (1971) in Stone's
sheep (0.,dalli stonei), Neither did the rams stand in the 'proaent'e
when being rubbed by f'emales,

8 A hormm threat behaviour desoribed by Ceist (1971) that was not seen

during the observations for this study.
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Rubbing (and nuzzling) is at its highest intensity when used as
an approach to solicit the attention of the ram, The ram's response to
this behaviour on the part of the ewe is vigorous courtship, However if
a ewe that has just been served solicits in this manner the ram usually
butts her,

Interference (see Plate 22)

This is not a particular display pattern in itself but the
utilization of one or more of the ewe's displays in such a manner that
it disrupts the courtship of the rem and another ewe, and draws attention
to the interfering (soliciting) ewe., When behaviour patterns occurred as
interference they were noted in a separate category because of the im=-
portant part that interference played in courtship.

Patterns used for interflerring with the courtship of the ram and
other ewes were; nuzzling, rubbing, tail fanning and pushing (see below),
also the interfering ewe might insinuate herself between the ram and
courted ewe, or might butt and chase other courted or courting ewes, or
butt the ram when he mounted other ewes,

Both Banks (1964) and Hafez et al. (1969) record interference as
occurring when a number of ewes compete for the attention of the ram.
Barks (196)) conducted his study in small breeding pens and noted under
these conditions, competition for the ram among oestrous ewes was intense
and therefore the frequency of interference was high. He found in these
circumstances it was the dominant ewes that interferred more than the
subordinate ones, Under the paddock mating conditions observed in this
study, the detection and amalysis of any hierarchial structure among the
ewes would have been exceedingly difficult because of the low frequency of
interactions between the ewes that would establish (for the observer) the
existence of a dominance hierarchy and the large number of ewes involved,
Therefore a similar observation relating frequency of interference and
dominance status can not be made,

Interference is more common in sexually experienced ewes than in
maiden ewes (this study). This may be a result of the dominance effect
discovered by Banks (196L).

Interference appears at the peak of the ewe's oestrous period,
though not nhcessarily in all ewes. By its very nature it is an intense
sexual aot and indicates a high sexual 'motivation' (tendency to act
sexually - Hinde, 1970) in the ewe performing the interference. Some acts
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used for interference are more évertly intense than others., For example,
butting a mounted ram is more intense than tail fanning at a ram ccurting
another ewe, An interfering ewe usually employs at least several of the
sexual behaviour patterns in her repertoire in an interacti-n involving
interference, Possibly the only other female behaviour pattern that would
be more sexually active than the acts used to interfere is the mounting
of the ram, which, as mentioned above, is fairly rere,

Interference was not seen in ancestrous ewes, nor in subordinate
males, Banks (1964) found that it ocourred only when ewes were in ocestrus,
and that if ewes were exhibiting only low intensity sexual behaviour
patterns (i.e, sniffing, looking back) they rarely attempted to interfere
in the oourtship of the ram and another ewe.

Standing, Lordosis and Pushing (see Plate 23)

The three behaviour patterns termed 'standing, lordosis and
pushing' are separate sexual display acts, each appearing to require
different levels of sexual motivation,

Both females and subordinate males will stand for a ram, A
female need not be in an ocestrous state to stand, but generally an
anoestrous ewe stands only for a short time bef'ore moving away to avoid
any further advances from the ram, YMost ewes assume the standing stance
when a ram sniffs or begins toc court them, The ewe may respond further by;
moving away, urinating, by looking back cr as is normal in the case of
oestrous ewes, by standing for further courtship and mounting.

Standing for investigation by the ram is wide:zpread, irrespective
of ocestrous condition, but standing for courtship is a characteristic of
oestrus, appearing in the first few hours of oestrus and remaining for
almost the duretion of oestrus, A ewe will only stand for vigorous gourt-
ship and mounting about the midlle (for a period of 6=10 hours, 5-6 hours
after the onset of ocestrus) of her oestrous period., At this stage a seoond
phase of the standing display appears, oalled the 'mating stanoe'

(Hafes, 1962) or the 'lordosis response' as it is more commonly kmown,

For lordosis the ewe spreads her hind legs slightly and lowers her
pelvis by arching the back, Lordosis both signals the ewe's receptivity
40 mounting to the rem and also aids the ram in intromission., Kot all ewes
display loxrdosis. The response may be an acquired one (though it isn't
in rats) for it seemed to be laoking in a large proportion of the maiden
two-tooth (sexually inexperienced) ewes observed, Subordinate males have
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been seen to assume this posture when mounted by other rams, and Geist
(1971) mentions it as being common in subordinate males in the species
he observed,

The behaviour pattern called 'pushing' was not common to all ewes
in the study group. Getat (1971) mentions having observed an interaction
between a mele and female Stone's sheep (0. dalll stonei) in which it
ooourred but does not indicate how common it was, Banks (1964), Hafes
(1962) and Hafes et al. (1969) do not mention the behaviour,

Pushing appeared only in ewes that were in mid-oestrus and were
being courted by the ram, and usually only when the ram was slow to mount
af'ter the ewe had assumed the mating stance, A ewe might then step back-
wards and press her rump against the chest of the ram, making pushing and
wriggling movements with her rump before assuming the mating stance agaein,
The usual response of the ram to this behaviour was to mount the ewe, but
if he failed to do so the ewe usually repeated the pushing display,

Lordosis and pushing appear to %e variations of the standing display
but seemed to require higher sexual mctivational states than standing Goes,

All three behaviours are accompanied by pinnae movements, usually
they are depressed and flattened against the head, During mounting and
tupping the ram also makes a number of pinnae movements. Although pinrae
moverents weren't quantified, they seemesd to follow a consistent pattern,
The movements probably have a communicatory function.

Haf'es (1962) mentions that some female farm mamrals may experience
an 'orgasm-like' response to mating. An 'orgasm-like' response was not
detected in the ewes in this study, but post-coital behaviour similar to
that exhibited by rams (standing with lowered head, or lying down) was
often observed,

Fheeling

The wheeling display was often exhibited by oestrous ewes in res-
ponse to investigation or courtship by a ram, It is performed when a ram
orients itself behind a ewe to sniff, court or mount the ewe, The ewe
responds (sometimes) by turming herself about and orienting behind the ram
so that she can sniff or nusazle his scrotal area. The behaviour is often
repeated several times as the rem attempts to re-orient itself for ocourt-
ship or mating, The result is a ciroling movement of the two animals and
it appears to axoite the ram and "to bping about an enhancement of the
ren's attempts to mount", Banks (1964).

Geist (1971) does not state if 'wheeling' occurred in the species
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he examined, but he does describe a similar type of activity. In this

behaviour patterm the ewe runs or bounds away from the courting ream only
to turn and rush back towards it, The behaviour is repeated. It is
possible that wheeling is derived f'rom this patterm, or that they have a
common origin, for both behaviours are reciprocating and both appear to
have the same result =—— that of heightened exocitement in the ram,

“or some time it was not clear if wheeling was indeed a sexual
display because it was also employed by anoestrous ewes and subordinate
males wishing to escape the attentions of the ram, In such cases the
ewe or subordinate male usually terminated the intersction by running away,
80 in encounters where the wheeling behaviour was combined with elements
of escape behaviour, it was not recorded as a sexual display,

Supplementary Behaviour Patterns

Five other sheep behaviour patterns (cther than courthsip displays)
were recorded so that the analysis of displays could be examinel as a
behavioursl continuum and not as courtship display in vaccuo, These be-
haviour patterns were mainly those associated with moverent or maintenance
and were the patterns most frequently interspersed with the courtship
behaviour,

Feeding. 'Normal' fleeding behaviour was the most frequently indulged
in behaviour pattern once an interaotion involving courtship had been
terminated., The qualification 'normal' was made because a second type of
feeding was observed during ccurtship., It was very brief and was usually
performed by the ram, It involved ingestion of grass on some occasions but
appeared out of ocontext and therefore was probably a type of disnlacemert
aotivity. Geist (1971) also mentions an instance of out-of-context
feeding, again in a situation that could have involved conflict (see Flate 2, ).

Resting., Cuite often a ewe or ram would lie down at the end of a bout o
of sexual aotivity, or would move to a ‘camping' area to lie down, Often
when a ram lies down the ewes in the harem follow suit, actually lying
against each other in a small group.

Butt. Most butting is performed by the ram but occasionally a ewe will
turn and butt the ram if he is persisting in courting her. The rem may
butt ewes when they solicit attention when he is feeding, courting another
ewe or after he has Jjust served the solioiting ewe, In some wild sheep,
butting is part of the courtship display (Geist,1971), but in the sheep
observed butting tended to disrupt the 'ooupling' process between the ram
and ewe and so was oconsidered an aggressive aot,
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The butt is usually delivered with the head but may be modified
to a sheve with the chest, A ram may display in a low stretch before
butting a ewe,

Paws. (see Plate 25)

The motor act called 'pawing' is pefformed by both ewes and rans,
The ram often uses the behaviour to induce a resting (lying down) ewe to
stand up so that he can investigate and/or court her,

To paw, the sheep 1ifts a fore leg and sweeps it dowrn and baock
in a scooping motion, It 1s usually used to scratch a bedding place but
may also be used by ewes and rams to distrub other sheep lying down so that
they might usurp the other's sleeping place. The pawing motion 183 re-
peated in bouts of three to ten mcvements at a time,

Moves A’Wﬁz.

¥ost ccurtship interactions finish with one or both of the
animsls moving to another vicinity., Yoving away is a fairly passive
activity and denotes lack, or end of, interest, It was distinguished
from more active departures termed 'avoidance' that involved a quick
change in locality, usually by an anoestrous ewe wishing to escape the
attentions of the ram. Coupled with these behaviours were following and
chasing behaviours, both self-explanatory, with following being more
passive than actual chasing.

¥oving away and avoidance, and following and oshasing were only
arbitary distinctions, with the discrimination based on the pace at
which the astivity occurred.

The motor acts desoribed in the sections above were recorded
on prepared sheets during the observations conducted on a breeding
flock in 1973 (plus preliminary work in 1972), The remainder of the
thesis considers the relationships between these patterns, their
possidble funotions and their importance in the sexuval behaviour of
sheep.,
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CHAPTER 111

NOTES CN SEXUAL BEHAVICUR

A. Courtship Behaviour Sequences
To understand the courtship behaviour of sheep it is necessary to
consider the requirements imposed on sheep behaviour by the reproductive

oyole of the ewe (a seasonally polyoestrous species), the accial structure
of sheep in the wild state and the modifications to this structure caused
by domeatication and husbandry methods,

In New 7ealand the non-pregnant domestic ewe undergoes cyclical
ovarian activity with ovulation occurring at intervals of 15-19 days,
during a breeding season that typically begins in February-}‘arch and
ends in July-August, The duration of sexual rceptivity (cestrus or heat),
during which the ewe displays ouestrous behaviour patterns, is variable,
Ranges of 3-84 hours have been reported both between and within breeds
(Robinson,1959), trough generally speaking ewes can be expected to exhibit
ovestrus for 16=36 hcurs, The ewe's reaction pattern to a rar, varies within
this time. The early stages of oestrus are characterised by an interest in
the rac, with the display of low intensity zourtship (lcoking back,
following and sriffing) but a refusal to stand for the ram's courtship,

A wmiddle period follows of up to 20 hours duration in whick the ewe is in
a very receptive cocndition and exhibits high intensity ccurtship behaviour
patterns (tail fanning, lordosis, pushing, interference). This is followed
by 8 third period in which her sexual responsiveness declines., “uring the
anoestrous phase of the cyole the ewe displays little interest in the ram
and will actively avoid the advances of a courting male,

In the wild state’

contains mature males, and the other group, females and juveniles of both

sheep form two social groupings. Cne group

sex, Dominance hierarchies are established within these groups and outside
the group so that mature males dominate femsles and juveniles, !'ale
dominance is established on the basis of age, size of horns and fighting
prowess (Geist,1971), whereas, within the female-juvenile group it is
usually based on age,

In the wild state a ewe entering ocestrus is courted by the most
dominant male available, who at the same time has to keep other males at

9 Data is for North American species, but similar habits are common
to Turopean speoies also,
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bay. The oourting male must endsavour to hold the ewe's interest without
frightening her away. A ram that courts vigorously and scares an oestrous
ewe away is seleoting against himself because the ohances are that other rams
waiting in the vicinity will join in the ohase and one of them might serve
her, Also a ram courting quietly may not attraoct other oompeting males or
predators, A seoond selection pressure is present, selecting for a brief
service, for two reasons, The first reason is that mounted animals are
partioularly vunerable to predators (Ewer,1968) and the second is that with
oompetition from other rams, quick service by a ran is called for and any
hesitation or protracted copulation is strongly selected againat (Geist,1971).

In the domestic situation several of these factors have been
reversed, The ratio of oestrous ewes to rams is inverted so that the
oestrous ewes now have to compete for the attention of the ram and also the
rem may no longer be faced with oompetition from other rams., Also, to scme
degree, the natural selection pressure (predators and ram competi tion)
for brevity in copulation is replaced by ar artificial selection pressure
for a ram to hasten ocurtship and copulation because he now has large
mumbers of ewes to attend to, There will no longer be such a strong sel-
ection pressure for quiet, gentle oourtships, and, it might be added, pro-
bably no longer a strong selection pressure for preoise, accurately exec-
uted courtship as exists in the wold atate.w An artifiiocal selection
pressure for suococessful courtship behaviour exists only indirectly as a
selection for fertility in domesticated rams and ewes,

¥ithin the framswork imposed by the social structure of the flock
and the husbandry practices of a domestic situation the ram and ewe react
in a fairly predictable pattern, For example, the following behaviour
patterns can be expected of sheep in a typical domestic breeding situation
involving a ram and a mumber of anocestrous and oestrous ewes,

To contend with this situation the ram must first select from the
group of ewes, those ewes requiring servioe (the oestrous ewes) and ignore
those not (the anoestrous ewes). Therefore the rem's first behaviour
patterns are likely to be investigatory behaviour patterms involving sniffing

i During the observations for this study it was noticed that the behaviour
patterns desoribed and photographed by Geist (1971) as ooouring in wilad
sheep, also exist in the domestio breeds observed but of'ten in a podified
or "toned dowmn" form,
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and nussling bohaviour," as he attempts to sort oestrous from anocestrous
ewes, Having found the oestrous ewes the ram must then determine their
exact state, whether they are receptive, becoming receptive or in the
closing stages of oestrus and no longer receptive tc the ram, To do so
he oan judge their state on the basis of their behaviour, by their re-
action to his behsviour or by olfactory cues.m

Having established the state of the ewes in his flock the ram
must serve the most receptive ewes, then attend to those that are becoming
receptive, Because other ewes will be ooming into heat, the ram must be
in a ocondition to serve them and so it is adaptive if a ram does not ex-
pend itself on only a few oestrous ewes with repeated ratings., Hence rams
display a greater interest in ewes freshly in oestrus than those that are
8till in the receptive stages of oestrus but whom he has already tupped,

The general pattern of the ram's behaviour then, will be, invest-
igation of ewes, courtship of ewes freshly in oestrus until they are
served, and then seeking of further 'fresh' oestrous ewes. Cestrous ewes
that have been served tend to follow a ram for some time and a ram may
return to service these followers, usually when fresh oestrous ewes can
not be found, However, as mentioned above, it is adaptive if a ram does
not waste too much time and energy in repeated matings with these ewes,

It is also highly adaptive that a ram be able to 'remember' the identity
and state of the ewes in his floock so that he does not need to keep re=-
checking the condition of each ewe, Observations indicate that the ram
can recognise ewes in the flock by sight and smell so there is probably an
association of the recognised ewe with a 'remembered' ocestrous state,

This then is a simplified, hypothetical pattern of the ram's
activity in a breeding flock. These generalised patterns can be shown to
exist by an examination of interactions (contacts between the ram and ewe
involving sexual and social behaviour patterns) that occurred between the

it It is reoognised that olfaction plays a major part in the determination

of a ewe's oestrous state, (Rruce,1967; Lindsay,1965),

12 It is believed that the olfactory powers of rams are able to disoriminate

to this extent., There would most certainly be a selection pressure for such
a mechanism so it wo.ld be highly adaptive for a ram to possess such powers,
There is evidence to suggest that this might be the role of the Flehmen
(see Chapter Three, Section B).
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ram and ewes in one of three different oestrous states., The states chosen
were; fresh oestrus, late oestrus af'ter a ewe had been tupped at least once,
and ancestrus, and 100 interactions chosen at random were ccnsidered in each
case,

Recause the large number of behaviour patterns recorded would have
become unwieldy during analysis, calculetion was simplified by grouping
all recorded sexual behaviour patterns into one of five types of behaviours,
These five designated types of 'behaviours' were:

1) Sniffing (Sn.) into which all sniffing, licking and nuszling
behaviour was grouped,

2) Flehmen (¥1,) into which behaviour associated with the urination
response and Flehmen was grouped,

3) General Courtship (GC,) All other behaviours that reduce individual
distance in the sexual context and induce the ewe to stand
and receive service,

%) Mourting (t,) which held attempted mounts, chinning, false mounts
and true mcunts that didn't result in service,

S5) Tupping (Tp.) which included the service as well as the orgasm
response &and quiescent postccital period,

Interactions were then classified on the basis of what 'behaviour!'
oscurred within them, There were twenty-three possible corbinations of
the five 'behaviocurs' (Tupping and Mounting being linked), so there were
twenty-three categories in which an interaction could be scored, A
further distinction nade on the basis of the sex that initlated the inter-
action between the rem and ewe resulted in there being forty-six categories
into which an interaction could be clessified,

Table I shows the scores of 300 interactions that ccourred between
the rams and eves in one of three oestrous conditions, fresh oestrus, late
oestrus and aroestrus,

There are a number of patterns in the data in Table I that conform
with the generalised outline of a ram's behaviour towerd oestrous and
anoestrous ewes as given adbove, Yor instance, as a ewe's cestrous con-
dition progresses she becomes less attruotive to the rem., This is
evidenced by the dealine in Tuppings and ¥ountings between fresh oestrous
oewes (column A) and the ram (19 and 10 respectively) and ewes late in
oestrus but still receptive (oclumm B) and the ram (12 and 2 respectively).
However, a greater proportion of the mountings are suoccessful in the second
group, showing the ewes' inoreased reoceptivity and experience with the renm,
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A seoond indioation of the ram's loss of interest with ocestrous ewes
he has already tupped is the increase in ewe initiation of interactions
with the ram, The recently tupped ewes (column B) show a greater rate of
initiation of interactions (72%) than do the ewes fresh in ocestrus (column 4),
(48¥), establishing that they remain receptive to the ram, enthusiastic in
fact, but that they now have to compete with other more attractive ewes -
the ones becoming receptive, This increase in competition among the
tupped ewes of column B is shown by the oategory in their column (B-f'emales)
having the highest number of interactions = the courtship category com-
posed mainly of behaviour patterns such as rubbing and butting used as
interference,

Investigation, in the form of sniffing behaviours appears to
increase between the fresh oestrous ewes (column A-7 instances) and the
tupped, late cestrous ewes (column B=1) increases), thereby refuting the
suggestion that the ram remembers individual eves and their oestrous
state., However a great deal of investigatory aotivity that occurred be-
tween the ram and fresh ocestrous ewes led on to higher categories of inter-
action, involving General Courtship, Mounting and Tupping whereas in the
ewes that were still receptive but had been tupped, the likelihcod of any
investigation going further was less because of the ewes' declining
attraction for the ram, Therefore if all interaction categories involving
investigation (Sniffing behaviours) are oompared for the two gro.ps of
oestrous ewes it is found that 707 of all interactions involved or in-
cluded Sniffing behaviours in fresh oestrous ewes and only L4 involved
or included Sniffing behaviours in the late ocestrous, tupped ewes, the
drop in investigative behaviour being due to the ram's use of remembered
information about the ewes he had already served.

Interactions between the rar and anocestrous ewes are mainly
confined to investigatory behaviour and a small amount of General Court-
ship, with no Younting and therefore no Tupping. Two notable features of
these interactions is the proportion of intsractions initiated by the ram -
98%, indiocating very low ewe interest in the ram - and the large mumber of
interactions in which the urination response and Flehmen ococurred (42~
in anocestrous ewes as opposed to 11¥ in fresh oestrous ewes and 99 in
tupped late oestrous ewes interactions with the ram), reinforcing the
thought that the Flehmen is a type of investigatory aotivity.

Figures 1,2 and 3 express diagrammatioally the general sequence of
behaviour patterms between a ram and cestrous and anocestrous ewes., Forty
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TABLE |. Composition of Interactions between the Ram and Ewes in one of three
Oestrous States; ‘Fresh’ Oestrous, ‘Late’ Oestrous and Anoestrous, and the

Sex Initiating the Interactions.

BEHAVIOURS IN THE

COLUMN A

COLUMN B

COLUMN C

Ram and ‘Fresh’

Oestrous Ewes

Ram and ‘Late’

Oestrous Ewes

Ram and An—

Oestrous Ewes

INTERACTION INITIATED BY | INITIATED BY INITIATED BY
SN FL GC MT TP Ram Ewe Ram Ewe Ram Ewe
SN 4 13 4 10 44 1

FL 1

GC 6 5 4 47 1
mMT
MT TP
SN FL 1 24
SN GC 19 18 9 8 12
SN mMT
SN MT TP

FL GC 2 3 1 1

FL MT

FL MT TP

GC MT 1
GC MT TP 3 1 1
SN FL GC 1 1 1 16
SN FL MT
SN FL MT TP
SN GC MT 2 4 1 1
SN GC MT TP 9 5 3 2

FL GC MT

FL GC MT TP 2
SN FL GC MT 3
SN FL GC MT TP 2 2 1

52 48 28 72 98 2
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APPR.

FL.

3 (2) 7 (6)

N
N
N

SN. ‘ \ GC.

FIG. 1 COURTSHIP BEHAVIOUR SEQUENCES IN INTERACTIONS BETWEEN
THE RAM AND ‘FRESH’ OESTROUS EWES.

APPR. — approach.

SN. — sniffing behaviours.

FL. —  Flehmen behaviours.

GC. — general courtship behaviours.

MT. — mounting behaviours.

TP. —  tupping behaviours.

L.O.l. — loss of interest.

10 —  frequencies in the direction of the arrow.

(4) —  frequencies in the opposite direction.
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APPR.
23 17
FL.
4 | 3 (2)
SN. GC.
18 (7)
8 3 19 13 (3)
! y
L.O.I. MT.
10 10
TP.

FIG. 2 COURTSHIP BEHAVIOUR SEQUENCES IN INTERACTIONS BETWEEN
THE RAM AND °‘LATE’ OESTROUS EWES.

APPR. — approach.

SN. — sniffing behaviours.

FL. —  Flehmen behaviours.

GC. — general courtship behaviours.

MT. — mounting behaviours.

TP. —  tupping behaviours.

L.O.l. — loss of interest.

10 — frequencies in the direction of the arrow.

(4) —  frequencies in the opposite direction.



APPR.
1
33 6
FL.
12 2 (4)
SN. GC.
10 (4)
15 15 10
V
L.O.l. MT
TP.

FIG. 3 COURTSHIP BEHAVIOUR SEQUENCES IN INTERACTIONS BETWEEN
THE RAM AND ANOESTROUS EWES.

APPR. —  approach.

SN. — sniffing behaviours.

FL. —  Flehmen behaviours.

GC. — general courtship behaviours.

MT. — mounting behaviours.

TP. —  tupping behaviours.

L.O.l. — loss of interest.

10 —  frequencies in the direction of the arrow.

(4) — frequencies in the opposite direction.
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interactions each, between the ram and fresh and late oestrous ewes and

anoestrous ewes were analysed, The mumbers indicate the frequency of
sequences of behaviours proceeding in the direction of the arrow while
the numbers in parentheses indicate frequencies in the reverse direction
to the arrow, The ocoding is the same as that used for 'behaviours'
(see above).

The above account is a simplistic approach to a complex situation,
There are many variations to the general pattern described because sheep,
and rams in particular, tend to be very individual in their performance of
behaviour patterns., However, the account is useful foor it desoribes the
usual course of events and in so doing, indicates the functional utility

of some of the behaviour patterms,

B. The Tlehmen and Urination Response

The urination response is being examined in conjunction with
the ™lehmen because an obvious relationship exists between the two
behaviours in the courtship situation.

Cne of the most common behaviour patterms that occurs in inter-
actions between a ram and an anoestrous ewe involves g brief bout of
investigational and courtship bvehaviour followed by a performance of the
urination response by the ewe and the sniffing of the urine and ¥lehmen
by the ram, The usual outcome of an interaction in which a ¥lehmen occurs
is that the rem then moves away from the ancestrous owe, leaving her alone,
Ceist {1971) mentions this sequence of behaviour and notes that it may
also occur when a domlnant ram interacts with a subcrdinate ram. He
oconcluded from his observations cf this behaviour,"it appears that sheep
urinate to the dominant, who upon 1lip ourling (*lehmen), for some reason,
leaves them in peace". It was apparent, from observations made during
1972, and from Geist's (1971) observation, that there may be an element
of appeasement behaviour in the urination response - Tlehmen behaviour
sequence.

During this study, the possibility of an appeasement function for
the urination response and Flehmen was investigated. As the urination
response occurred in another context as well (an aggressive one), it was
exarined there also, The aggressive context urination response commonly
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ooours af'ter a olash involving females. A oluh”' (see Plate 26) is an
instanoce of head-to=head butting between two sheep, Butting may also
occur between sheep when one or more sheep butt the flank of another, The
outcome of head-to-head clashes only were reoorded, foor only in these
instances of aggression was it possible to determine whioh ewe withdrew
from the oclash, The withdrawing ewe was assumed to be the subordinate
ewe, It was found that of the clashes observed (N=37), it was possible
to determine which ewe had withdrawn (subordinate) from the clash inter-
aotion in 95 of the cases (na=35). It was also found that 77  (n=27) of
the withdrawing ewes urinated to the other ewe (the dominant) before
moving away or resuming their preolash behaviour. (In one instance the
ewe that didn't withdraw urinated as well as the one that withdrew),

It was felt then, that the urination response was an appeaserent
behaviour, or at least appeared to be so when it occurred in aggressive
situations, Whether it has a similar function in the courtship context
though is debatable. The aggressive interaction urination responses were
not followed by a Flehmen (except in one instanoe) though they invariably
are in the courtship interactions, so although urination ocnfers some
benefit upon an ancestrous ewe when oourted by the ram, and although the
urination response does appear to be an appeasement behaviour in
aggressive interactions, the appeasement behaviour explanation is not
satisfactory in desoribing the function of the urination response and
associated Flehmen in courtship interactions.

One theory that does give a satisfaotory explanation for the
urination response - Flehmen sequence, and for which there is a good deal
of evidence - albeit ciroumstantial - is put forward by Knappe (1964),

15 Clashes between ewes are not common, They usually ococur during

feeding, during competition for the rem or in altercations over
sleeping positions, The rumber of clashes were artifically increased
to give further data for this aspeot of the study by placing small
mounds of tadble salt adout the paddock, The salt attracted the ewes
and brought thea into close oontact with one another and this resulted
in an inorease in the frequenoy of clashes between the ewes,
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PLATE. 26
Twes Clashing
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Knappe (196),) suggested that the “ehmen'* was associated with stimulation
or activation of the Jacobson's organ.15 He envisaged that substances
exist in the urine of some female marwmals that are capable of indicating
to the males of the species, the oestrous state of the female, These
substances with a pheromonal function Xnappe (196)) saw as being either
hcrmone metabolites or vaginal secretions, 1t was thought that the male
detects these substances with the vomercnasal organ and that the Flehmen
w#as involved in the conveyance of these pheromonal substances to the
vomeronasal organ,

There 1s a reasonable amount of circumstantial evidence in
favour cf Knappe's (1964) suggested function of the vomeronasal organ
and the Flehmen, Some of this evidence is inclusive of all species
exhibiting Flehmen while other evidence is restricted to a few species
only or sheep in particular,.

3efore disoussing evidence it could be stated that there is a
definite need for male animals to ‘know' the oestrous state of the
feamales of their species., There are many ways in which a male can come
to achieve this 'knowledge', such as by observing the overt behaviour
of the female or her reaction to the behaviour of the male, but a
mechanism that is capable of acute detection of very subtle ohanges of
sexual state would be of great value, so there is both a potential need
and use for such a mechanism,

The following findings are presented in support of Knappe's
(1964) suggested function for the vomeronasal organ and the Flehmen,

Tucker (1963) established, by simultaneous recording from olfactory
and vomeronasal nerve twigs, that some substanoces were consistently more

1 His theory is not restrioted to sheep but is inolusive of all animals
exhibiting Flehmen. Verberne (197C) found that all mamral species capable
of performing Flehmen still have a functional Jacohson's organ.

15 The Jacobson's (voreronasal) organ is a small paired structure usually
situsted on the median septum of the nose., It is a blind sac with one end
open to the nasal cavity, usually via the nascpalatine duct that joins the
buocal and nasal cavity in most mamrals. Yonecrief (1967) suggests the fum-
otion of the vomeronaszel organ is as a subsidiary olfaotory organ, while
Tucker (1971) ooncedes,"The vomeronasal system is of unknown function but
morphologioally it is parallel or accessory to the olfactory aystem™, There
are a number of theories for the possible funotion of the vomeronasal
organ, but that of Xnappe (1964) appears to have gained most acceptance.
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effective for olfaotory receptors and others were more effective for
vomeronasal receptors. He found that the vomercnasal receptors (in the
gopher tortcise Gopherus polyphemus) respond better to the lower mole-
cular weight fatty acids while the olfaotory receptors respond better to
the longer chain acids. Similar results hold for the aliphatio aloohols.
Here then is evidence that the vomeronasal organ is capable of responding
to odiferous substances, and that there are discriminatory responses bet-
ween the olfactory sense and the vomeronasal sensing apparatus,

Fwer (1968) takes Tucker's (1963) finding a step further. e found
that a pet male meer cat (Suricata suriocatta Frxleben) would regularly
flehm in response to the smell of sherry. This draws the connection
between the detection of lower aliphatic accohols (ethanol in sherry) by
the vomeronasal organ and the Flehmen response to this vomeronasal
detected substance,

Yurther evidence is supplied by Podusohka and Firbas (1968; cited
by Eisenberg and Kleiman,1972) who deomonstrated in the hedgehog (Zrinaceus
eurcpaeus)"that 1icking a substance, 1ifting the nose, opening the mouth
and salivating (i.e.Flehmen) stimulated the vomeronasal organ" sinoe the
tongue tip was actually pushed up to the dorsal opening of the nasopala-
tine canal in the buccal cavity, thus transferring potentially odiferous
substances in solution to the vomeronasal organ via the nasopalatine canal
(duot).

Bruce (1967) acknowledged that sexual recognition is a function
of the olfactory system in mamrals, and Lindsay (1965) established that
the sense of smell of rams played a signifioant role in the selection of
oestrous from anocestrous animals, However neither authors distinguished
between olfaotory sensing and vomeronasal sensing. }'icheal and Keverne
(1968) 414 manage to oonduot studies that separated the two sensory
modalities and found that the olfaotory and not the vomeronasal apparatus
was responsidble for the detection of a hormone dspendent, olfaotorily
acting pheromone, possibly of vaginal origim, in Rhesus (Yacaca mulatta)
monkeys., However, this can not be used as contrary evidence to the
suggestion of Knappe (1964) because Micheal and Keverne (1968) did not
establish whether or not Rhesus monkeys performed the Flehmen, or if



L7,
thelr vomeronasal organ is still t'nnc;t:ioml.16 Jt is no longer functional
in man and this may well be the case for other primates also,

An examination of a sheep's head (Plate 27) was made for this
study to see if any further assoolation could be drawn between the Flehmen
and vomercnasal organ stimulation. It was found that light pressure on
the upper palate and curling the upper 1lip oaused the inoisive papillae
in the buccal cavity to open, thus enlarging the entry to the nasopalatine
duot from which the vomeronasal organ extends (see Plates 26 and 29).

Such movement was highly artifical but the dental pad and palate is
relatively pliable and it only requires a small movement and little press-
ure, as would probably ocour during Flehmen, to open the duotus incisiwvus,

A second finding was that where the nasopalatine duct opened into
the nasal cavity, it was in a forward sloping (toward the nostril) trough
that contained a small projection forward of the opening of the naso-
palatine duot in the nasal cavity (see Plates 30 and 31). Cne effeot of
this projection would be to impede the flow of muous from the nostril
causing some to pool over the nasopalatine duct. To clear this mucus so
that air could enter and flow through the nasopalatine duct, a ram would
have to 1ift his head and/or sniff back thrcugh the nose. Both aotions
ocour during Flehmen in the ram, as well as tongue movenments and a forced
type of panting through the mouth, (All these aotivities that occur during
Tlehmen would aid the passage of air and odifercus substances through the
nasopalatine duct and theredby into the vomeronasal organ).

The evidence presented in support of Knappe's (1964) suggestion

16 Van Hooff (1967) desoribed a 'Flehmen like' behaviour termed 'protuded-

lips face' he observed in Macaca nemastrins, M.silenus and once in )¥.mulatta.
He first called the display 'the flehmen face' but because this

presupposed a homology of which he was not certain, he changed the name

to the purely desoriptive one of ‘protuded-lips face'. He also oonceded

a similar puckering of the face coours in humans when sniff'ing intently.

As hhmans do not have a funotional vomeronasal organ the protuded-lips

face desoridbed by Van Hooff (1967) may have no relationship to true

Flehmen though quite conceivably could have been derived from it, It can

not then be used as counter evidence to Knappe's (1964) suggested function

for the vomeronasal organ and Flehmen.







PLATE 27
Sheep's Head Showing Portion of

Nose Removed for Fxaminetion of
Fasopalatine Duot,
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PLATE 28
Inoisive Papillae (arrow) on Upper Palate

PLATE
Incisive Papillae Opened by Bending
the Upper Palate
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PLATE
View from above of Trough in Fasal
Cavity.

PLATF 34
View of Trough in Nasal Cavity
Showing Cpening to NMasopalatine Duot
(arrow) and Projection,
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is ciroumstantial or inferrential. However, in association it presents a
fairly strong ocase for vomercnasal organ sensory activity aided by physical
aotions evoked by the Flehmen posture,

Further evidence in support of Knappe's (196)) suggestion ccmes
from the application of the implied function to the behaviour observed in
the field. In the cbservations for this study it was found that little
notice was taken of a rar performing the Flehmen by ewes or other rams,
From this observation it was inferred that the Flehmen had 1little, if any,
signal function to sheep other than the one performing the Flehmen, The
®lehmen is however, performed quite frequently by some rams and rams of'ten
go to a great deal of trouble to induce a ewe to urinate for thexm., The
time and energy spent by raxzs in the pursuit of the urination response and
¥lehmen behaviour sequence indicated that it was important,

Cne aspect of courtship that is important at the stage of inter-
action that the Flehmer scems to occur most frequently in, is the detection
of oestrous ewes, 8o it is not unreasonable to link this behaviour with the
investigation and discrimination of oestrous and anoestrous ewes,

I1f behavioural interactions are examined it is found that there is
& close correlation between suggested function and observed activity, For
example, most Flehmens occur in interactions between the ram and ancestrous
ewes - the ones the ram 18 trying to deterrine the oestrous state of, If
vomeronasal sensing is his most acute and reliasble means of sensing the
cestrous state, it is not unexpected that the ram use this on the anoest-
rous ewes for a final determination of what his other senses may have
indicated, or failed to indicate, There is 1ittle need tc flehm with
oestrous ewes for the ram is already aware of their state (usually), so it
should not be unexpected to find that the urination response and Flehmen
is not all that common in oestrcus ewe - ram interactions., A similar
finding was made by Geiat (1971).

Geist's (1971) observation that there appears tc be some benefit
in an ancestrous ews urinating for the rem is now understandable, If a
ram is unsure of the sexual state of an anocestrous ewe, there is a great
deal of benefit for the ewe if she responds to the ram's courtship and
unwanted attention by urinating, for by urinating she establishes the faot
(assuming the ram has an acute sensory device that he can test the urine
with), that she is definitely not in heat. The ram is able to establish
that she is indsed ancestrous and leaves her "in peace” (Ceist,1971). There
in lies the benefit in the urination response for the ewe, and in the
Flehmen for the rem,
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This does not preclude an appeasement function for the urination
response as exists in aggressive interactions, but it does add a further
poasibility as to how this appeasement function may have evolwved,

To look at the urination response in isolation as it ooocurs in
agegressive intersctions, it is a simple matter tc postulate that the
urination response evolved from a fear reaction, Urination by a frightened
animal in an aggressive situation would evolve a signal function stating
eee "1 am scared”, From heres the signal could progress to ..."you have
scared me, 80 you are dominant to me"”, fcknowledgement of the other
animal's dominance becomes appeasement and so a normal physiological
response to fear becomes an appeasement behaviour,

However, there are compications to this posaible development of
the response, caused by its inclusion in the possible sensory function of
the urination response and Flehmen, because the urination response could
have evolved its ap-easenment funotion as a consequence of the urination
response - “lehren sensory mechanism. The urination response in the court-
ship situation i1s perfcrmed to a dominant (the ram) and providing the ewe
is ancestrous it ccnfers scme benefit upon her, It could have evolved the
seccndary function of appeasement in aggressive situations from its pot-
ential (pseudo) appeasement connotations in the courtship situation,

%hether the urination response has the same meanings in the two
contexts (aggression and courtship) can not be determined by the findings
of this study. MYor can its evolution be deterrdned,

Other facets of the urination response and ™lehmen have been over-
looked in this disecussion. They are the reascns for the repetition of
Flehmen, the charges in the intensity of its performance (see Plates 22
and 22), the reasons why a ram will sometimes urinate when snif'fing the
urine of a ewe and the reasons why a ram will *lehmen over the urine of
another ram, Xo reasons for these faotors were discovered during ob-
servation for this study. "ith regard to the frequency and intensity
ahanges in Flehren, Verberne (1970) states "Althcugh this behaviour
(Flehnen) functions rerely as a support for a mode of sensory perdeptien,
specific regularities became apparent in the performance of sniffing and
Flehmen (especially in the case of frequent repititions) which can not be
explained solely by changes in sensitivity occurring in the receptors of
the Jaconson's organ”,

A possidble explanation for ram Flehmen over the urine of another
rem is that the Flehmen has become a fixed action pattern that is
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'released’ by the urination of another animal,. This possibility is re-

inforoed by the faot that rams will flehm over their own urine, a be-
haviour which can convey no sexual information or be involved in appease-
ment, Then again, the urination response may retain its appeasement value
in ram - ram interactions and the sniffing of the urine ani Flehmen may
have developed a secondary functicn of acknowledgement of appeasement,

There are sone unexplained events surrounding the urination res-
ponse - ?lehren behaviour sequence that Fnappe's (19¢4) suggested function
for "lehmen does not yet answer. However, Knappe's (196)) suggestion is
the most suitable of'fered to date and it has not only a good deal of
evidence backing it but its suggested function for the Flehmen and vomero-
nasal organ fits the behaviour of mamrals as it is observed in the field,
In time i1t may be extended so that it does explain phenomena that have
no apparent function at the moment,

Cnly selective ablation or nerve twig recording studies for olfact-
orily and vomeronasal detected substances coupled with studies showing
the ability of such detected substances to induce "lehmen, anl the isol-
ation of these substances from the urine of female marmals will settle the
centroversy surrounding the Tlehmen and vomeronasal organe A similar
canolusion was made by Fnappe (1964) when he stated "2 final decision
about the relationship between the functioning of' the Jacobscn organ
and the Flehmen 1s only possible by physiological methods"”,






PLATE 32
Ram Performing High Intensity Flehmen.

PLATE 33

Ram Performing lLow Intensity (repeat) Flehmen.
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CHAPTER IV

A STUDY OF RA¥ FATIGUE (Experiment CNE)

A, Alms

Many rams suffer a rapid loss in physical oondition over the
breeding season (Hafes et al., 1969) yet very little work has been done
on ram fatigue caused by continual mating and the consequence of
fatigue on the behavioural interaction between the ram and ewe, although
a numdber of investigations have examined the short term effects of sexual
satiation and 1ibido reduction (Anderson,1969; Bermant et al., 1969a;
Hafes,1962; Hafes et al., 1969; Lambourne,1956; Pepelko and Clegg,1965).

Reasons as to what actually causes the loss of physical
condition are in doudbt, It could be a direct result of mating activity,
though a considsration of the estimated amount of energy expended by a
rem at each mﬂ:inc‘|7 (Tomme and 0dinec,1340) would tend to contradiot
this, That the loss of oondition could be a result of reduced food con=-
sumption (Hafes et al.,, 1969) is ocontrary to the findings of Hulet et al.
(1962a), who concluded that the time spent eating by rams (in small
breeding pens) did not have a significant negative correlation with the
nunber of ewes in oestrus, nor the number of ewes mated,

The aim of this experiment was to record the behaviour involved
in interaotions between the ram and ewes at suocessvice stages throughout
the breeding season, so that any changes that ocourred in the type of
behaviour during rem - ewe interactions at different heats, might be
detected,

It was envisaged that certain changes would occur in the type of
interaction at successive heats and that these changes might be shown to
be a result of fatigue in the ram, Had changes in behaviour been revealed
it may have then been possidble to show that these fatigue - induced
changes reduced breeding efficiency by modifying oourtship patterms - or
that these changes in behaviour had no affect on breeding efficiency because
of other compensatory behaviourel mechanisms,

B, lMaterials and Methods

A flock of seventy sheep oonsisting of one ram and sixty-nine

17 126.8 Cals./mating. "mating” was not defined so it is not known if
this includes the preliminary courtship as well,



56,
ewes of mived ages were observed during the 19735 dreeding season, Fleven
of the ewes were ovariectomiged (spayed) and underwent hormone treatwment
to induce ocestrus, These spayed ewea were therefore adble to ‘retumn' to
a second heat, thereby providing behaviour recordings at two stages of
the breeding season, The sexual "motivation" of these ewes should have
been identical at both recording stages because the major controlling
factor, the arount of Cestradicl Benzoate (0.R.) administered, was the same,

The rexaining fifty-cight ewes were entire and cycled normally
and so provided a natural setting for the experiment and as well, furmished
information that could be compared with the experimental animals, and
also be used in Chapters Two and Three, The ram was run with the ewes
throughout the period encompassed by the experiment, The sheep were con-
tained in a smell paddock (0.7 hectare) during observations and their
behaviour observed from an elevated hide in the paddock's centre (see
Plates 34 and 35). Notes on male and ferale sexual behaviour patterns were
made and a record kept of the sequences in which they occurred.

i) Animals and their Management
The Rame The ram used for this experiment was a four-tooth Southdown
ram from the VFassey University Sheep Farm stud flock. The same ram had
been used for an experiment in the 1972 breeding season (see Intrcduction,

Chapter One) and had one seasons' breeding experience,

The rar was fitted with a 'Sire Sine' harmess and mdﬂoza the
colour of which was changed on the nineteenth day of the experiment, The
harmess was fitted with reflector tape and ‘Cat's Fye' reflectors so the
ram’s position could be seen at night quite easily, Normal feed was
supplemented with lucerne muts. A watch was kept on generul ocondition
and the feet of the ram inspected every seoord day.

Southdown Fwes. The fifty-eight Southdown ewes, comprising; thirty
two~tooths (no mating experience), thirteen four-tooths, sever six-tooths
and eight full mouth ewes (variable mating experience) were part of the
stud flock and except for the two-tooth ewes had led normal reproductive
lives,

18 The 'sire sine' harmess is a device fitted with a orayon (reddle)

that is strapped to the brisket of the ram. %hen the ram mounts a ewe
the orayon rubs the rump, marking the ewe and indicating she has been
mounted, and possibly tupped,






PLATE 34

The Cbservation Paddock showing the
Pen and Hide,
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PLATE
The Observation Hide,
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Fach ewe was individually rmarked with a number sprayed on to the
shoulder on both sides of the animal with an aerosocl marking trand. The
ewes received no supplementary fleed though their general condition was
watched closely, Any lameness was attended to irrmediately.

Romney Twes. The eleven Romney ewes were a grocup of culled-for-age
ewes, all were full mouths and had rcrral reproductive histcries. They
were ovariectomized (July 1972) and used at intervals through (the remain-
der of) 1972 and early 41973 for behaviour experiments (see Intreduction,
Chapter Ctne), They were individually brended but in a Aifferent colour to
the Southdown ewes, The “omney ewes were allotted to three treatrent
gr~oupa1 ;o that ench grcup contained ewes of a similar range of (body)

siges, As with the Scuthdowns the “omneys received no supplementary feed
but the general health of these ewes was watched carefully,

11) Ths Formone Treatment

Medroxyprogestercne acetate (%.P.A.) (Upjohn Pty.Ltd,) and
Nestradiol Rensoate (C.B,) (Crganon Laboratories Ltd.,) were usel to induce
oestrous bahaviour in the ovariectomised ewes, The treatment method was a
modification of that used by Iindsay end Robinson (1961), The first
mcdification was to substitute I,P,A. impreginated tampons for progesterore
injections for progesterone priming, because a) it had proved more reliable
in previous experiments and b) it reduced the amount of
disturbance to the flock. A second modification was an inorease in the
amount of 0,B, injected into the ewes, from the near endogernous levalazo
(approx. 25 ug) used by Lindsay and Robinson (1561), Lindsay (1965),(1966a),
(1966b), and Lindsay and T1lsmore (1968), to 100 ug OR/ewe,

19

Treatment Group Ewes The body sige of a ewe in any
A 0,293k one group was matched by plaoing
B 8,9,10 a ewe of a similar sise in each
c 1,5,6,7 of the other two groups, so that

overall the groups contained a range of sizes that was the same for each
group, This was done to eliminate, as much as possidble, any variation
in the affect of 0,B, and ¥.,P,A., due to differences in the body weight
of the ewes,

20 pobinson (1959) estimated the production of endogenous cestrogen at

the time of ocestrus in entire ewes, equivalent to a dose of 25 ng 0.B,
injected into spayed ewes,
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The final modification involved shortening the forty-eight hour
interval between the last progesterone (¥.P.A. in this case) treatment
and the (.B. injection, to twenty-four hours. This period was shortened
for convenience of ewe handling and hal shown to be satisfactory in
previous trials.

The sponge rubLer tampcens used were approximately 6 cm. in length
and 2 om, in dlezeter. They were threaded with a double nylon thread,
approximately 40 om. in length., “hen the tarpon wes irserted in the ewe
the thread projected from the vulva and so aided the removel of the tampon.

The tampons were impregnated with 4.C mg of :,P.A, diesolved in
absolute alcohol, and stored in a plastic bag at rcom temperatures until
required, For insertion into the ewe, the tampors were smeared with an
antiseptic cream and placed inside a speculur also smeared with the oream,
The tampon was held in place with a short rod while the speculum was in-
serted into the vagina, the speculum withdrawn from around the tampon while
the rod held the tampon in place, then the rod was withdrawn, Tampons
were removed at the desired times by gentle traction on the nylon thread,

The oestrogen (C,B.) treatment ccnsisted of an intraruscular
injection of 1 ml of peanut cil containing 1CC ng C.B., giver approx-
imately twenty-four hours after the tampen removal,

1ii) The Study Area

A paddock (No.7) on the }assey University No.1 Sheep farm was
used for the study. The paddock was divided into two parts by a sheep
netting fence, One part, 0.7 hectares in area, was used as the observ-
ation area while the seoond part, 1.9 hectares in ares, was a feeding
and holding area used when observations were not in progress.

In the centre of the observation paddock there was a lambing pen
(approx. 8m x 3m). For the insertion or removal of tampons, C.R,
injections, cleaning of the ram's raddle or feet inspections, the flock
was driven into the pen where the sheep could be captured and handled
without difficulty. The observation hide was ereoted at one end of this
pen. From small shutter windows in eaoh side of the hide, every part of
the observation paddock scould be seen., A fence around the base of the
hide prevented sheep from entering the area directly beneath the hide
where they would have been difficult to observe,

In genersl, there was very little traffioc on the adjacent farm
road and only ococasional movement of people and stook in the neighbour-
ing paddocks so that disturdance to the flock was minimal,
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iv) The (bservations

Both daylight and night observations were made of the sheeps'
sexual behaviour, Aproximately half-an-hour before each period of
daylight observation began the sheep were moved from the large holding
paddock into the observation paddock. ¥hen night observations were made,
the sheep were placed in the observation paddock during the af‘ternoon
before the observations were to take place., At the end of each observ-
ation period the sheep were released into the larger paddock,

Daylight observations began at dawn as scon as it was possible
to read the indentification pumbers on the ewes through l'ainooula.z'-a21 and
ooncluded at dusk on the same day when the numbers again became indis-
cernible because of darkness, 't the start of the season the starting
and finishing times of the ocbservations were (approximately) 06,00 hr
and 19,00 hr respectively, but by the end of the season these times had
changed to 06,45 hr and 18,15 hr hecause of the shortening day length,

The behaviour patterns (see Chapter Two) were recorded on pre-
pared sheets (see Appendix Cne) as the behaviour ocourred in the field.
Provision was made on these sheets for the recording of both ram and ewe
behaviour patterns and the relationship in which they ooccurred so that
reciprocating patterns were able to be recorded for analysis, Tach be-
haviour pattern was denoted by a particular code letter, or letters,
Also the time at which the interaction ocourred was noted, the identity
of the ewe(s) involved and a note was made of the animal that initiated
the interaction, On each sheet a short note was made of the weather
oconditions at the time, “uring daylight, binoculars (8x),0 wide angle)
were used to read ewe identification numbers and observe details of
behaviour, As well as the reoording of sexual behaviour, some notes were
made on other activities such as fighting, feeding and resting patterns.

Night observations were mads either between the hours of';
half-an-~hour before dusk until 00.30 hr or between 23,30 hr and half-
an-hour after dawn, and were aided by the use of a 12 volt spotlight
powered by a motor oycle battery. The spotlight was switched on every
7.5 minutes for several seoonds to allow a sighting of the ram to be
zade,

2! this was usually 10-15 mimutes before the identification numbers

becams visidble to the unaided eye,
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%“very second sighting, on the quarter-hour, the "olass"22 of
behaviour the rar was engaged in at the tirme was noted,

If the spotlight was lef't on too long the sheep became agitated,
8o the noting of ewe identity and full recording of behaviour patterns =
as made during the daylight observations = ocould not be atterpted at
night. However, by recording the "class" of behaviour the ram was in=-
dulging in, a reasonably acourate impression of the ram's activity could
be obtained, The purpose of the night observations was to determine
what proportion of the ram's sexual activities occurred at night, and
therefore was missed by the dalight observations,

The fif'teen minute interval between the behaviour ("class")
recordings appeared to be an adequate (checked by split-interval
observations every 7.5 minutes) record of behavicur. The "classes" of
behaviour seldom ochanged so quickly that shorter recording intervals
were warranted, (n the few cccasions when the ram did change "classes"
of behaviour more than once within a fifteen minute recording period, a
note was made of the fact,

v) The Observations Calendar

An exgmple ocalendar appears in the appendices (see Appendix Two),
It shows the time relationship between obaservation periods and treatments
as well as the organisation of the flock and study area,

The spayed ewes (three groups) were treated with :.P.A. and C,B,
8o that a group of ewes came into heat for approximately three days and
returned to a second three (approx,) day heat period, eighteen days after
the start of the first cne, The experiment was structured so that each
group of ewes completed a cycle of two heat periods with a fifteen day
anoestrous period between each oestrous period, during which time the
other groups would each have an oestrous period,

Daylight observations were made over a three day period that
coinoided with the three days of heat in the ewes of either one of the
three treatment groups, There was shen an interval of three days followed
by a further three days of observations. In all there were planned six

22 The behaviour of the ram was classified into three oategories,
These were 1) Resting

2) TFeeding and locomotory
3)  Sexual
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heat periods and therefore six observation periods. During the intervals
between the daylight observation periods, night observations and day-time
filming of behaviour tcok place, Formonal treatment of ewes occurred
between the three day oestrous periods a) because it was necessary to re-
move tampons and inject 0.B. during this time, and b) because it was con-
venient to insert tarpons at this time while other sheep were being handled.

Tempon insertion tcok place thirteen days before the day on which
heat started. Tampons were removed on the eleventh day af'ter insertion and
the intramuscular injection (1.m.i.) of 0,B. took place on the twelfth day,
approximately twenty-six hours af'ter tampon removal, The ewes came into
heat sometinme on the day following the 0.B. injesction,

¥ixing of the Romney (ovariectomized) and Southdown (entire) ewe
flocks was scheduled for 5/3/73, ten days before ram introduction to
allow the ewes sufficient time to settle down before observations started,
Unfortunately a shortage of feed dslayed the mixing of the flocks until
the 12/3/73 but this delay did not appear to affect the experiment im any
way. Cn the first day of the ewe flocks being mixed, the two flocke re-
mained apart and there was some fighting between a number of the Romney
and Southdown ewes, However, by the third day following their mixing the
two breeds interspersed themselves about the paddock and fighting showed a
marked reduction,

The Romney ewes were marked on the 5/3/73 and treatment began on
that date for the A group owes, with the insertion of tampons., The
Southdown ewses weren't marked until the morning of 12/3/73, several hours
before being mixed with the Romney ewes.

The ewes and rar were joined on 15/3/73. Cbscrvations were to start
on 18/3/73, but had to be delayed until 20/3/73 because the observer took
111. Tampons had been removed from the group A ewes (C,2,3,4) on 16/3/73.
These had to be replaced until the 18/3/73. 0,B, injections for the group
A ewes were given on the 19/3/73 and these ewes (0,2,3,4) oame into heat
on 20/3/73. Because the group P cwes had their tampons inserted on 11/3/73,
the two day delay in starting observations meant an extra two days of ¥,P.A.
treatment for the ewes of that group, Group C ewes were unaffected by the
delay, the insertion of their tampons being held over until 19/3/73, froa
17/3/73 as was originally planned,
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Ce Results and Diaoullionzj

This experiment was not able to run its full term. The ram took
111 on 3/4/73 and was removed for veterinary examination, Cn %4/4/73 he
was returned, apparently in good health, 1is remcval on this occasion
interferred with observationas being made on the group C ewes (1,5,6,7). Cn
8/4/73 the ram's behaviour was most erratic and he was again removed and
the experiment terminated. At the time of his second removal observations
were being made on the seoond (return) heat of the group A ewes,.

The behaviour of the ram had appeared normel (normal in the sense
that his behaviour ocmpared favourably with his performance the previous
season and also with that of cther rams that had been observed) on all
days except those on which he was removed. X<"ays showed he was suffering
from brain lesions, prodbadly incurred during rutting fights with other rams
before commencecment of the experiment. The ram later dled as a result
of these injuries,

A certain amount of data was salvaged from the results cbtained
from the first two observation periods (20=-22/3 and 26-28/3) that cccurred
before the ones involving the ram's removal. The results of the two night
watches that were rade are discussed in Chapter S$ix and s:me of the more
general results and notes on sexusl behaviour are discussed in Chapters Two
and Three. The respcnse of the ewes to the hormone treatment provided some
useful information and this is presented in the following section, Some
oonolusions oan also be drawn from the behaviour observed before the ram
was removed,

i) Time to ocestrus following C.B. injection and duration cf ocestrus
in ovariectomized ewes,

Table 11 shows that for four treatuent groups the averege time
interval taken to come into oestrus (to start exhibiting oestrous be-
haviour) af'ter ¢.B. injection was <16,5 hours., The average duration of
osstrus for two of these groups of ewes was > 54,5 hours,

25 The termination of this experiment and therefore a change in the results

from what was expeoted, necessitated a short explanation of the termination

and the recasons for it, before presentation of the findings of the experiment,
As this meant a discussion of the results before they were presented,

and therefore a departure from the norm, it was oonsidered that the best

means of overcoaing the difficulty was to combine the Results and Dis-

oussion seotions,
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TABLE 1II. Interval to Oestrus following O.B. and Duration of Oestrus (to nearest 0.5
hours) in Ovarectomized Ewes.

Ewe Number Hours to Oestrus Hours to Cessation of Duration of
following O.B Oestrus following O.B Oestrus
0 16.0 65.0 49.0
2 <145 75.0 > 60.5
3 15.0 75.0 60.0
4 15.0 725 57.5
average < 15.0 72.0 >57.0
8 15.5 63.5 48.0
9 <15.0 740 > 59.0
10 20.0 67.0 47.0
average <17.0 68.0 >51.0
1 <16.0
5 <16.0
6 220
7 425 **
average <18.0
0 17.0
2 < 15.5
3 < 15.5
4 <15.5
average <16.0
average all ewes < 16.5 70.0 >53.5

*¥* Ewe 7 avoided the ram but showed other signs of being in heat.
Her first contact with the ram was 42.5 hours after O.B.
The average for the group was calculated by using the times of ewes 1, 5,
and 6 only.
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A1l ewes had received 100 ng 0,B, but the length of time the ¥,P.A,
"primear" tazpons were in place varied for each group.a* This variation
was considered to have little affect on the time ta'en to come into heat
(oestrus) following the administretion of'0,B,, and probably also on the
duration of oestrus, Fletcher et al.(1971) found no significant difference
in the mean duration of ocestrous tehaviour, induced by a single injection
of 24 ug C.B.,, when the Joss of primer progestercne injected was varied
between 5, 10 and 20 ng &

A comparison of the results of this experiment with the findings
of Fletoher et al, (1971), Lindsay (1966), Lindsay and Fletcher (1972),
and Scaramszi et al. (1971), (Table III) necessitates the consideration
of two important faotors relating to experimental proceediire,

The first factor is the difficulty in determining the exact on-
set and termination of cestrus, If a ewe was found to be in oestrus at
the commencexment of observations on the day following the C.B. injJection,
the time to oestrus was recorded as 'less than' (< ) the time at which
she was first seen in oeatrus, back to the (,B, injection, Furthermore,
if a ewe was in oestrus at nightfell, but not in oestrus the following
morning, the time of leaving oestrus was recorded as 'greater than' (>)
the time last seen in oestrus, back to the time of the 0.B. injection,
It will be realised thet while these time differences were probably only
of the order of a few hours, they were indeterminsble and so when they
were involved in the calculation of intervals or duretions, the quali-
ficetion of 'less than' or 'greater than' was retained,

The second factor that should be considered is the criteria on
which *"behavioural ocestrus" was based, ~or this experiment, a ewe was
considered to be in an oestrous state if she behaved in a sexual manner
with or towards the ram (7 'sexual manner' was considered as any of the
following; insistent approaches made to the ram by the ewe; interference
with the ram when interaoting with other ewes; tsil fanning in the pres-
ence of the ram; repeated sniffing and mussling of the ramj; allowing the
ran to mount and serve),

This oontrasts with the oriterion used by Lindsay (4966), who
measured the time tc onset of oestrus as "the time in hours from the
injection of C,B. until ewe first mounted by the ram". The oriterion

2 Group A ewes, 12 days Group C ewes, 11 days

Group B ewes, 13 days Group A ewes, 11 days (2nd.heat)



TABLE 11l. Comparison of Experimental Results for Interval to Oestrus following O.B. and Duration of Oestrus (in hours) for
Different Hormone Treatments.
Source Progesterone Dose of Hours to onset of Duration of
Treatment 0.B. (ug) Oestrus following O.B. Oestrus (hours)
Lindsay (1966) 6, 20 mg imi in 12 244 ) 10.49
days 15.6 ) 28.05 + 6.81 3.21
10.0 ) 3.21
Scaramuzzi, Lindsay 5, 20 mg imi in 9 10.0 236 + 0.88 104 + 5.88
and Shelton (1971) days and 1, 10 mg imi 243 223 + 2.65 267 + 5.30
on day eleven 59.2 189 + 1.50 347 + 5.18
144.1 16.6 + 1.26 534 + 6.35
350.5 13.8 + 0.42 67.7 + 3.82
Lindsay and 5, 20 mg imi in 9 days 200 15 60
Fletcher (1972) 1, 10 mg imi on day 11
Ross (1973) 40 mg M.P.A. tampons 100 < 16.5 > 535
Fletcher, Allison 12 days @ 5 mg/day 243 — 32.2
and Lindsay (1971) 12 days @ 10 mg/day 243 — 334
12 days @ 20 mg/day 243 — 33.2

.L9
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Lindsay (1966) used for determining when oestrus had ended was not
mentioned though it was probably the last obdserved mount,

Scaramuzzi 8t al, (1971) and Lindsay and Fletcher (1972) also
gave figures for the time to oestrus following (.,B, and duration of
oestrus but did not mention the criterie used to determine the oestrous
condition of their ewes., It was assumed, since D,R.,lLindsay took part in
both experiments, that it was the same oriterion used by Lindsay (1966).

The results of the present experiment compare favourably with
those of Scaramuszi et al, (1971) who had used comparable levels of C,B,
Cne could have expected the results of this experiment to show a some-
what larger value for the duration of oestrus and a shorter interval
from 0,B., to oestrus than other workers found, considering the
different criteria used to determine hea‘l:.25

Cne oconclusion that can be made, in view of the results obtained
was that the 11 - 13 day treatment with a tampon impregnated with 4O mg
of ¥,P,A, (as employed in this experiment) was equivalent in affect to
intramuscular injections of progesterone when used at the same levels and
timing as employed by rcaramussi et al. (1971). Furthermore, if at certain
levels, the tampon and progesterone injections are equivalent, in
instances where repeated handling of stook oreates experimental diffi-
oulties the tampon method of priming may prove superior to the intra-
muscular injections of progesterone.

11) Composition of rum-cestrous ewe interactions and the sex
initiating them,

The method of determining the oestrous condition of the ovari-
ectomised ewes was mentioned above, The same oriteria were applied when
determining the condition of the entire (Southdown) ewes. However the
stage of oestrus in the entire ewes was more diffiocult to gauge than in
the ovariectomized ewes bdecause the entire ewes could have entered heat
during the night, whereas the ovariectomiszed ewes were in a controlled
oestrus and the time to onset following 0,B, and the duration of oestrus
could more or less be adjusted to fall within observation periods, Also
the observations were designed to follow the ovariectomized eves
through three days of oestrous behaviour, Unfortunately a number of the

25 et et al, (1962a) found a time interval from first 'tease’' (ram
courtship) to first mount of 2,6 = 3,6 hours and a time interval between
last mount and last 'tease' of 4,5 - 8,4 hours in entire ewes,
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entire ewes observed did not conform to the same pattern and use had to
be made of other entire ewes for which there was no first, second or
third day(s) of heat observation results., The ewes used for this com-
parison, and the days of heat that were analysed are shown in Table IV,

For the purpose of analysis, the behaviour patterns recorded
were arranged into five basic'behaviours' according to the proceedure
outlined in Chapter Three, Section A, (The five'behaviours' were sniffing,
Sng Flehmen,Fl.; General Courtship, GC.; ¥ounting, }t.; and Tupping Tp.).

Table V shows the composition of 228 interactions that occurred
between seven different ovariectomiged ewes and the ram over a six day
period. Table VI shows the composition of 166 interactions that occurred
between the ram and sixteen entire ewes over the sare perlod., Table VII
presents the results of the sex initiating the interactions for each day
of heat as a percentage of the total interactions.

For both ovariectomized ewe - ram and entire ewe - ram inter=-
actions there is a gradual decline in the mumder of intergctions as the
oestrous period progresses .e.cs.

Tor ovariectomized ewes 71,3 interactions on day 1,19.9 day 2,8.8" day 3
For entire ewes 73.0% " * " Ap2cor: ™ 2560 ™ B
an almost identical decline in activity over the three days of heat for
both ovariectomised and entire ewes,

A dscline in attention given to ewes once they have been tupped
has been reported by Hulet et al, (1962a) and Pepelko and "legg (196l:).

A feature of these results for both ovariectomiged and entire ewes is

the drop in ram (and ewe) initiated activity over the three days of heat,
Such behaviour is commersurate with the economies expected of an efficient
ram,

A seoond feature of the results is that 86" of all interactions
between ovariectomised ewes and the ram (N=228) involved general court-
ship and/or investigation (both 'behaviours'i.e. Sn. and Fl.) or combin-
ations of these behaviours without progressing to mounting or mounting
and serving. The figure for entire ewes was 82" of all interactions
(N=166)s Cnly 13" of the interaotions between the ram and ovariectomized
ewes resulted in a ewe being served, while the figure for entire ewes
was 127, Therefore, although a ram spends a great deal of time, and
expenda much energy in sexual aotivity during its waking hours, much of
this activity is of an investigatory nature only and very few inter-
actions result in the (immsdiate) servioing of a ewe,



TABLE IV. Oestrous Ovarectomized and Entire Ewes used for the analysis of Behavioural Interactions and their Initiation.

Observation Date of Ewes in Oestrus and day of Oestrus No. of ewes in Oestrus
Period Observations First Day Second Day Third Day Entires Spayed
20/ 3 0,2,3,4,44,30,19 28,43 — 5 4
| 21/ 3 31,23 0,2,3,4,44,30,19 - 5 4
22/ 3 16,42 31,23 0,2,3,4,19 5 4
26 / 3 8,9,10,63,40 26 - 3 3
] 27 / 3 22,61,68,48 8,9,10,63 31 6 3
28 / 3 - 22,61,48,68 8,9,10,63 5 3

‘0L



TABLE V. Categories of Behaviours in Interactions Initiated by the Ram or Ovarectomized Ewes of Groups A and B for the Three
Days of their First Oestrus.
BEHAVIOURS DAY 1 OF OESTRUS DAY 2 OF OESTRUS DAY 3 OF OESTRUS
SN| FL| GC| MT| TP Ram init. Ewe init. Ram init. Ewe init. Ram init. Ewe init. TOTALS
SN 26 30 12 7 5 1 81
FL 1 1
GC 7 30 8 2 47
MT
MT| TP
SN | FL 4 1 5
SN GC 19 18 5 4 4 1 51
SN MT
SN MT| TP
FL | GC 2 2 4
FL MT
FL MT| TP
GC| MT
GC| MT| TP 2 2
SN | FL | GC 3 2 2 7
SN | FL MT
SN | FL MT| TP
SN GC| MT 1 1
SN GC| MT| TP 5 4 2 1 3 15
FL| GC| MT
FL| GC| MT| TP 1 1 2
SN | FL| GC| MT 1 1 2
SN | FL | GC| MT| TP 5 2 2 1 10
76 87 22 23 16 4 228

7



TABLE VI. Categories of Behaviours in Interactions Initiated by the Ram or Entire Ewes for the Days of their First Observed Oestrus.
BEHAVIOURS DAY 1 OF OESTRUS DAY 2 OF OESTRUS DAY 3 OF OESTRUS
SN| FL| GC| MT| TP Ram init. Ewe init. Ram init. Ewe init. Ram init. Ewe init. TOTALS
SN 22 11 10 2 5 50
FL 1 1
GC 18 1 5 1 32
MT
MT| TP
SN | FL 4 1 1 1 1 8
SN GC 16 9 6 2 1 34
SN MT
SN MT| TP
FL | GC
FL MT
FL MT| TP
GC| MT 1 1
GC| MT| TP 1 1 1 3
SN | FL | GC 6 2 1 9
SN | FL MT|
SN | FL MT| TP
SN GC| MT 5 2 1 1 9
SN GC| MT| TP 10 1 1 12
FL| GC| MT
FL| GC| MT| TP 1 1
SN | FL| GC| MT 2 2
SN | FL| GC| MT| TP 2 1 1 4
77 44 24 11 8 2 166

*el
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TABLE VII. The Sex Initiating and Interaction on Each Day of Oestrus Expressed as
a Percentage of the Total Interactions.

Day of Oestrus Day One Day Two Day Three
Sex initiating interaction Ram Ewe Ram Ewe Ram Ewe
Ovarectomized ewe results 76 87 22 23 16 4
expressed as a % of total 33.3% | 38.0% 9.7% 10.2% 7.0% 1.8%
Entire ewe results 77 44 24 11 8 2
expressed as a % of total 46.3% | 26.7% 14.4% 6.6% 4.8% 1.2%




s,

The difference between the two sets of data for the amount of
ewe initiation of interactions;
Ovariectomized ewes initiated 50,0 of all interactions with the ram
S‘ntim L] LJ 5&'.5" " " " ” " L
could be the result of a breed difference, i.e, Romney ewes take a
more active part in sexual behaviour than Southdown ewes do,?6 or it
could be due to the treatment given to the spwod ewes.ﬂ That is,
that 100 ng C.B, {(approximately four times endogenous oestrogen levels)
makes the ewes more sexually hyperactive than an entire ewe and there-
fore accounts for the difference found in the results. The tendency
to seek the ram was considered as one type of ewe initiation of an
interaction so the difference obtained between entire end ovariectomized
ewes could be due to the hormons treatment given the ovariectomised
ewes, for Lindsay and Fletoher (1972) showed that the incidence of ram
seeking activity in ewes (ovariectomiszed) inoreased with increasing dose
of ocestrogen (ug C.B.).

26 Rreed differences in sexual behaviour have been documented (Hafes,1951;

1952; Inkster,1953; Lambourme,1956) though there has been no comparitive
studies done on Southdown and Romney ewes, Rulet et al, (19¢2a) found ns
significant breed affects and felt that individual differences were cne
of the most important factors affecting mating behaviour in mns,

<l A comparison of the ovariectomised ewe results with those of the
entire ewesa is subjeot to limitations because of their bi-~factorial
differences; those of being two different breeds plus the fact that the
Romneys are ovariectomised and the “outhdowns entire., This experimental
structure was unavoidable as the experiment had to fit into the farm
breeding prograrcme,
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CHAPTFR V

A STUDY IN HORMCKE LEVFLS (Experiment TwC)

Ao Aims

The aim of this experiment was to investigate the physiological
and behavioural effects of varied Oestradiol Bensoate (C.B.) dose levels
given to ovariectomized ewes to induce oestrous behaviour,

Several other studies (Lindsay,1966; Soaramuszi et al., 1971)
had investigated the effects of a varied C,B, dose level on the time
taken to the onset of oestrous behaviour following an C.B. injection,
end the duration of induced oestrous behaviour, but at the time of
planning no information could be found regarding investigations that
had examined the behavioural effeots of a variation in G.B, dose levels,

B. Materials and Kethods

Materials used and methods employed in this experiment were the
same as foor Experiment One, except for the following modifications:

i) The Experiment One ram was replaced with a second Southdown ram,
aged 4 years, of greater breeding experience., The replacerent
ram had not been run with ewes this season prior to his joining
with the experimental flock on 9/4/73.(The commencement of a
second experiment and utilization of a second ram was made neo-
essary by the death of the ram used in FExperiment Cne - see
Chapter Four - and was not intended ¢n the original design of
Experiment One,

11) The level of C,B, administered was altered for two of the groups
of spayed ewes so that;
Group B ewes received 200 ug 0.B, on 12/4,
and  Group A ewes received 50 ug 0.B., on 24/,
while Group C ewes received 100 ug 0.B. on 18/, the same dose level
used in Fxperiment Cne. VNedroxyprogesterone acetate (}.,P.A,) treatment
was not changed.

The ewe flock remainsad unchanged and the seoond experiment was con-
ducted in the same area as the first. The ram was joined with the ewe flock
on 9/4/73 and removed at the oonolusion of the experiment on 27/4/73. Cbser-
vations contirmued to follow the same schedule with daylight observations
taking place on 13,1415/4 (Pd.V); 19,20,21/% (Pd.V1); and 25,26,27/4 (PA.VII).
Night oburntioxuz were made

W
Results of night observations are discussed in Chapter Six,
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on the 10,15,16,18 and 23/4. (See calendar,Appendix Two). Ko change was
made in the method of recording ewe and ram behaviour,

The methods involved in determing the onset and duration of
oestrous behaviour are discussed in Chapter Four,

Ce Results and Niscussion

1) Time to onset of oestrous behaviour following 0.R. injection and
the duration of oestrous behaviour in ovariectomiged ewes,

A reasonably close correlation is obtained if the hours to onset
of oestrous behaviour (cestrus) following 0.B, injection and the duration
of oestrous behaviour in ovariectomised ewes (Table VIII) is compared with
the findings of similar experiments using ccmparable levels of C,.B,
(Table I111). The 200 mg C.B, dose level results concur with those of
Lindsay and Fletcher (1972), who found a 15 hr interval to onset of oestrous
behaviour following the ¢.B., (200 ug) injection, compared with the
(<) 14.0 hr interval obtained in this experiment, and a duration of
oestrous behaviour of 60 hr compared with a duration of ( >) 59.5 hr
found in this experiment,

The results for the 100 ug 0.3. dose level compare well with
those obtained in Experiment Cne ( < 16,5 hr to onset, > 54,5 hr for
duration of oestrous behaviour) and also approximate those obtained by
Scaramuszi et al.(1971), (16,62 1,26 hr to onset and 53,4 6,35 hr duration)
who used a dose of 14 ug C.B,

The 50 nug C.B. results bear a close relationship with those of
Soaramussi et al.(1971), (16.9% 1,50 hr to onset and 3%4.,7% 5.18 hr
duration) who used a slightly greater dose of 59 ug C.B,

Overall, the findings showed that as the level of C.B. admin-
istered was decreased, the time to onset of oestrous behaviour following
the 0.B. injeotion, is inoreased and the duration of oestrous behaviour
is decreased and is therefore in agreement with the finding of
Scaramussi et 81.(1971). FMowever, in this experiment the findings have
céertain limitations because the 200 g 100 ug and 50 ug 0,B, dose
levels were conducted at different stages of the breeding season. The
proceedure of dosing a group of ewes with a particular 0.B. level at
the same time and varying the level for each observation period was
adopted (rather than the alternative of using different levels at the
same time, repeated at intervals) because it eliminated the possidbility
of a time affect on the supposed induced ‘motivational state' related to
each dose level at a partiocular time, and also ensured that at least two



TABLE VIII. Interval to Onset of QOestrus following O.B. and Duration of Oestrus (to nearest 0.5 hours) in Ovarectomized Ewes
during Observation Periods V, VI and VII.

Observation Ewe Level of Hours to onset of Hours to cessation of Duration
Period Number 0.B. (ug) Oestrus after O.B. Oestrus after O.B. of Oestrus

8 ) 16.0 > 725** > 56.5

\Y 9 ; 200 <13.0 69.5 > 56.5

10 ; 13.5 >1720 > 59.5

average <14.0 >71.0 >575

1 ) < 15.5 >745 >59.0

5 ; 18.0 70.0 52.0

\| 6 ; 100 18.0 66.0 48.0

7 ; 18.0 740 56.0

average <175 >71.0 >540

0 ) <14.0 63.5 > 495

2 ; 25.0 48.0 23.0

) 50

1 3 ) 19.5 >49.0 > 295

4 ; <14.0 455 >31.5

average <18.0 >515 >335

*LL

** The ram mounted and served ewe 8, 152 hours after the O.B. injection, giving a possible Oestrus duration of 136 hours.
As this figure was in doubt the cessation of Oestrus was determined at > 72.5 hours, the finish of observations on the third
day, so the reading remained in keeping with the others.



78.
or three ewes would still come into heat and so represent a particular
dose level at a specific time even if one or two ewes failed to respond to
the treatment, whereas the alternative method could not,

Both Lindsay and Fletoher (1972) and Scaramuszi et al.(1971),
used Border l.eicester X Merino ewes. This experiment utilized Romney
ewes but the results obtained bear a olose resemblance to the results of
the other two studies, indicating that any difference in response to C.B.
that occur between these breeds are probably slight, if any differerces
occur at all,

Because of the different criteria used to determine ocestrous
behaviour in the ewes btetween this experiment and the experirents of
Lindsay and Fletcher (1972) and Scaramusszi et al.(1971), a slightly
greater time for ocestrous behaviour duretion could have been expected
for this experiment than in the others, as well as a short interval to
cnset of ocestrous behaviour following the C,B. injection. Any potential
differenoce botween the results caused by the use of different criteria
for heat determination may have been masked by the difficulty encountered
in determining the exact time of onset and termination of ocestrus, or may
have been virtually non-existent due to a close proximity in time between
the onset of other courtship behaviour and the stage of standing and
allowing the ram to mount - though Hulet et al, (1962a) found intervals
in the order of several hcurs.

The conclusions made in Chapter Four, regarding the equivalency
of the tampon (¥.P.A,) treatment and the progesterone injection treatment
for induced oestrus priming, and of the superiority of the tampon method
in certain circumstanoces are upheld by the findings of this experiment,

i11) The change in the frequency and types of interaction between the
rar and cestrous ewes during the oestrous period,

A decline ocourred in the number of interactions between the ram
and cestrus ewes as the ewe's ocestrous period progressed (Table IX),
Two factors were involved in this response, The first faotor was the
ras's 1oss of interest in a ewe he had recently tupped (also reported by
Bermant et al., 1962c), and his tendency to mate more frequently with
those ewes in the most recent cestrus (also found by Hulet et al., 1962c),
This accounted for the decline in ram initiation of interactions with
oestrous ewes and, as was mentioned in Chapter Four, was an economical
behaviour on the part of the ram, allowing him to cover a greater number



TABLE IX. Number of Interactions for Each Day of Oestrus during Observation Periods V, VI and VIl in Ovarectomized and
Entire Ewes and the Sex Responsible for Initiating the Interaction.

DAY OF OESTRUS
EWES OBSERVATION FIRST DAY SECOND DAY THIRD DAY
PERIOD Ram init. Ewe init. Ram init. Ewe init. Ram init. Ewe init.
\Y/ 28 86 18 28 6 27
Spayed Vi 30 87 17 56 3 41
VIl 26 98 24 67 3 1
\Y} 53 55 6 3 12 0
Entire Vi 39 48 3 1 6 0
VIl 14 23 11 29 3 0

‘6L
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of ewes than he would have done had he spent more time in repeated matings.

The second factor responsible for the decline in interactions over
the three day observation periods was the loss of interest in the ram on
the part of the ewe, as evidenced by the decline in ewe initiated contact,
This was no doubt, a response to declining oestrogen levels,

If instead cf the above analysis, the oestrous entire ewe results
are analysed for the day on which they ooccurred irrespective of the day
of heat (because of the cxperimental plan, oestrous day and day of
observation coincide in the ovariectomized ewes), the total number of
interactions between the ram and cestrous ewe are obtained for each day
of observation (Table 7).

Although shcwing some fluctuetion, the total number of inter-
actions between the ram and oestrous ewes were approximately the same
for each observation period, The reason for this was that the decline in
attention paid to ovariectomized ewes by the ram over their three day
cestrous period, was compensated for by an increase in the amount of
attention paid to oestrous entire ewes in the later stages of each three
day observation period, This tendency will probadly have affected the
chances of some of the entire ewes being serviced, especially if they came
into heat on the first day of the ovariectomiged ewes' heat, and therefore
could have an effect on ewe fertility,

The number of interections that occurred between the ram and
the overiectomiszed ewes for the diff'erent observation periods bore no
relationship to the level of (,B, administered to the ewes,

The data in Table X]I showing the categories of behavioural
interaction that ocourred between the ram and cvestrous ewes during the
three day observation periods, demonstrates the similarity in interaction
types between the two breeds of ewe and the ram, A similar result was
obtained in the experiment discussed in Chapter Four and, as was explained
at that time, a great deal of the ram's interaction with the ewes
involved investigation or "non-productive" courtship, in the sense that
it 444 not lead to servioe at that time. (This does not allow for
instances in which courtship occurred, contact between the ram and ewe
was broken, then renewed again several minutes later end a servioce
followed), The qualifiocation 'non-productive’ is used with caution,
for each interaction between the ram and an ocestrous ewe undoubtly
serves to breakdown aggressive tendencies and to signal sexual intent,
and therefore is fulfilling the dbasic purpose of courtship,



TABLE X.

Number of Interactions between the Ram and Oestrous Ewes for Each Day of Observation and the Sex Initiating Them.

OBSERVATION

Ram and Ovarectomized Ewes

Ram and Entire Ewes

TOTALS AND

PERIOD DATE Ram init. Ewe init. Ram init. Ewe init. PERIOD TOTALS

13/ 4 28 86 14 8 136 )
)

V] 14/ 4 18 28 33 8 87 ) — 323
)
15/ 4 6 27 23 a2 100 )
19/ 4 30 87 3 0 120 )
)

VI 20/ 4 17 56 15 7 95 ) — 333
)
21/ 4 3 41 30 a4 118 )
25 / 4 26 98 11 21 156 )
)

VI 26/ 4 24 67 15 22 128 ) — 301
)
27 / 4 ** 3 1 a4 9 17 )

** only half a day of observations.

.l*8
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As the above results analysed interactions hetween the ram and
oestrous ewes only, an analysis was made of the 535 interactions re-
oorded during observation Period VI between the ram and all ewes (both
oestrous ani ancestrous) for comparison with the oestrous ewe - ram
interactions (Table XI11),

It was found that of the 535 interactions, 33 (n=176) involved
investigation only while 92,5 (n=496) involved investigation and general
courtship, 1n 2,57 (n=13) of all interactions mounting occurred without
service and only 5" (n=26) of all interactions resulted in a ewe being
served, The greatest inorease in the number of interactions when all
eves were considered, ococurred in the Sniffing; Flehmen; Sniffing and
Flehmen; and Sniffing, Flehmen and General Courtship categories, Com-
paring all ewe interactions with the oestrous ewe only interactions
(observation Period VI) it was found that the number of interactions
invelving Sniffing had quadruplied, those involving Flehren had trebled,
the category for interactions involving Sniffing and Flehmen behaviours
showed a sixfold increase and the Sniffing, Flehmen, General Courtship
category showed a fourfold increase above its occurrence when cestrous
ewe interactions cnly were considered., This result is somewhat expected
and indicates that although the ram must spend a great deal of time
searching for oestrous ewes (investigating behaviour), little other time
is wasted in courting the anoestrous ewes, and certainly not to the point
of mounting, (see also Chapter Three, Section A),

“hen the type of interaction was examined for each day of oestrus,
it was noticed that the type of interaction a ewe had with the ram
changed from interactions that involved a moderate degree of general
courtship resulting in service on the first day, tc interactions on the
third day of ocestrus that were predominantly investigatory with some
general courtship and virtually no servicing - especially in the casze
of the entire ewes,

tn the third day of ocestrus the ovariectomized ewes showed a
greater variation in the categories of interaction in which they were
involved with the ram, than did the entire ewes, This was attributed
to their ocestrous condi tion being of a greater duration than the entire
ewes who, in general, exhibited little or no oestrous behaviour on the
third day af'ter their heat onset,



TABLE XI.

Categories of Interactions between the Ram and Oestrous Ewes for Observation Periods V, VI, and VIl expressed as
a Percentage of the Total Interactions for Each Day of Oestrus.

OBSERVATION INTERACTION DAY OF OESTRUS Category Totals Total
"1 - 0, .
EWES PERIOD CATEGORY Eirst Saceca Third for period (%) | Interactions

Spayed \Y; SN & FL 7.0% 13.0% 12.0% 9.3% )
SN, FL & GC 86.0% 85.0% 94.0% 87.0% ) 193

MT 6.1% 6.5% 3.0% 5.7% )

TP 7.9% 8.5% 3.0% 7.2% )

Spayed Vi SN & FL 6.0% 15.0% 18.0% 12.4% )
SN, FL & GC 86.0% 93.0% 100.0% 91.0% ) 234

mMT 5.1% 0.0% 0.0% 2.6% )

TP 8.6% 6.8% 0.0% 6.4% )

Spayed Vil SN & FL 12.0% 18.6% 25.0% 15.0% )
SN, FL & GC 83.0% 92.0% 75.0% 87.0% ) 219

MT 10.2% 1.1% 0.0% 6.4% )

TP 6.8% 6.7% 25.0% ** 6.6% )

Entire Y SN & FL 7.4% 22.0% 58.0% 13.0% )
SN, FL & GC 83.0% 100.0% 100.0% 86.1% ) 129

MT 13.0% 0.0% 0.0% 10.8% )

TP 4.0% 0.0% 0.0% 3.1% )

Entire Vi SN & FL 12.6% 0.0% 100.0% 17.6% )
SN, FL & GC 84.0% 100.0% 0.0% 79.5% ) 97

mMT 7.0% 0.0% 0.0% 6.2% )

TP 9.0% 0.0% 0.0% 8.2% )

Entire VIl SN & FL 19.0% 7.7% 0.0% 12.6% )
SN, FL & GC 78.0% 90.0% 100.0% 85.0% ) 79

MT 13.5% 7.7% 0.0% 10.0% )

TP 8.0% 2.3% 0.0% 5.0% )

** for that day, n=4 interactions, therefore TP (1 instance) = 25%

lgg



TABLE XII. Categories of Interactions between the Ram and All Ewes (Oestrous
and Anoestrous) Recorded during Observation Period VI.

Observation Period |Interaction Category | No. of Interactions % Interactions
SN & FL 176 33.0
VI (19-21/4) SN, FL & GC 496 925
mMT 13 25
TP 26 5.0
Totals 535 100.0
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There was no apparent C.B. dose level affect in the response
shown by the ovariectomised ewes in the nature of their interactions
with the ram,

1i1) Initiation of interactions between the rar and oestrous ewes,

‘n analysis of the sex responsible for the initilation of inter-
actions (Table XIII) indicates that the oestrous ewes tended to initiate
more of' the interactions than the rem did, but the ovariectomized ewes
showed a greater initiative in this respect than the entire ewes, In
the investigation discussed in Chapter Four, a similar finding was made
and the difference in rates cf initiation of interactiones between entire
and ovariectomized ewes was attributed to the hormcne treatment given
to the overiectomized ewes, though it was explainel at the time the
difference cculd have arisem from a difference in breed bvehaviour of the
ewes,

As Lindsay and Fletcher (1972) had found an increase in the
incidence of ram seeking behaviour in ewes when the level of C.B,
administered was increased, a decline in ewe initiation of interections
with the ram might have been expected as the level of C,B., administered
was Jdecreased,

This lack of correlation between ewe initiation of interactions
and the amount of ¢.B. injected could be ascribed to a ram affect. 1f
a ewe was particularly attractive to a ram when the ewe was on a high
level of €,3,, and this attractiveness declined as the C,B, dose was
decreased, the result would be a decline in ram initiation of inter-
actions, This could then interfere with a declining rate of ewe inter-
action initiation so that the ewe rate btecame statio. ‘lowever, there
are two factors that eliminate such an affect in this instance, The
first is that the total number of interactions between the oestrous
ovariectomized ewes and the rac did not decline over the three obser-
vation periods, and secondly the rates of initiation of interactions
for oestrous entire ewes showed a marked rise over the three observation
periods. Thatever factor was responsible for ocsusing this rise in the
entire ewe initiation rate could also have suppressed a decline in the
oestrous ovariectomised ewe initiation rate so that under the influence
of the two opposing factors (declining C,B. level and unknown
suppressing factor), the initiation rate in the spayed ewes stayed almost
static,



TABLE XIII. The Percentage of Interactions between the Ram and Oestrous Ewes Initiated by Each Sex for Observation Periods V, VI
and VII, and between the Ram and All Ewes (Oestrous and Anoestrous) for Observation Period VI.

Observation Total No. of % Ram Initiated % Ewe Initiated Dose of

Ewes Period Interactions Interactions (rounded) Interactions (rounded) 0.B. (ug)
\Y 193 27% 73% 200
Spayed \ 234 21% 79% 100
Vil 219 24% 76% 50
\Y 130 55% 45% —
Entire Vi 97 49% 51% —
Vil 82 36% 64% —

All Ewes VI 535 53% 47% 100 **

** to ovarectomized ewes 1, 5, 6 and 7 only.

98



An increase in the number of ewes in heat over the three
observation periods could have been responsible for the unexpected
stasis in the rate of initiation of interactions exhibited by the
ovariectomized ewes, However, although there was some variation in the
total mumber of ewes in oestrus on each day in each of the three
observation periods, there was no clear increase in the mumber of ewes
in ocestrus with time, nor was there an increase in the number of
interactions per day between the ram and the oestrous ewes over the
three observation periods.

A second cause could have been ram fatigue, If the 1ibido of
the ram and his abllity to court and service ewes declined during the
breeding season (one of the aims of Fxperiment One, Chapter Four, was to
detect such ar. effect), his rate of initiation of interactions would
presumably decline also, Such an event would explain the trends evident
in the ovariectomized and entire ewe initiation rates,

Some inconclusive evidence does endorse this possidbility, 1In
Txperiment One, the rate of ewe initiation of interactions for ovariec-
tomized ewes on 100 ug C.B. was 50 (compared with 79 for ewes on
100 ug 0.B, in this experiment) while the entire ewes initiated only
37 of their interactions with the ram., It is possible then, that the
rem rate of initiation of interactions could have been declining over
thewhole of the breeding season, Unfortunately, Experimant Cne utilized
a different ram to the one used in the present experiment and some of
the ewes used for recording the rates of initiation differed also, which
detraots from the value of this observation,

The above argument is reliant on the supposition that the level
of 0.,B. administered was capable of influencing the rate of overiectomized
ewe initiation of interactions, or more generully, ewe saxual
‘aggressiveness' when there may be no such affect whatsoever, If
however, there was no affect, the increase in the rate of initiation of
interactions by the entire ewes, and the diff'erence between the rates
shown by entire and spayed ewes, remains unexplained,
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GHAPTER V1
GEN-RAL DISCUSSION

Ao Possible Crigins and Functions of some Sexual Behaviour Patterns.

According tc Hinde (1970) many animal courtship displays have
their origins in the behaviour that ocours during ccnfliot situations,
when two or more mutually incompatible tendencies to react in a specific
manner are aroused simultaneocusly. The two mutually incompatible
tendencies that are aroused in the courtship or sexual context are;

a) the sexual attraction that exists between male and female
during the breeding season, and
b) the aggressive nepulsion29 that is generated when animals come
into oclose proximity and intrude upon the space encompassed by
each animal's individual distance or personal field (XoBride,1971),
In the courtship context then, the basic type of conflict that ocours
is the familiar approach-withdrewal situation.

An approach - withdrawal type of oconflioct usually has more
thar a momentary existence because it is possidle for the approach and
withdrawal tendencies to stabilize at a point where each balances the
other, At this point of balance the animal's behaviour is influenced
by bcth sets of causal factore (sex and aggression in this case) and
will remain sc until the oconflioct is resolved,

The outcome of behaviour in conflict situations is explained
by the 'behavioural inhibition oonoept"o (Hinde,1970) which postulates
that behaviour associated with one of the aroused tendencies is inhib-
ited or suppressed while behaviour associated with one of the other
aroused tendencies predominates, (f'ten only partial inhibition ocours
80 that a reduction in the frequenqy or intensity of some behaviour
patterns takes place (intention movements) or a conglomerate of the
expected patterns common to the aroused tendencies are exhibited
(alternation, ambivalance or compromise), On the other ococasions totally
irrelevant behaviour (in the circumstances) may oocur (adisplacement

23 The aggressive tendencies evoked are composed of two further
oconflicting tendencies, those of attack and flight,

30 see Hinde (1970) for a full consideration and discussion of the
mechanisms of these conflioct behaviourul concepts.
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aotivity, autonomic responses, redireotion aotivities, sexual inversion
or regression) to indicate the arousal of incompatible response
probabilities,

¥ith time, many of these behaviour patterns produced in conflict
situations have evolved a ccmmuinicatory function through ritualisation
of the conflict behaviour to form true display patterns. For instance,
in courtship the ritualised displays serve to indicate sexual rather
than aggressive intent (i.e, advertisement) and also may aynchronise
physiological processes as well as orient aninmals so that copulation
ocar take place.

An exanination of some of the behaviour patterns used by ewes
and rams in courtship encocunters indicates not only the probable
function of the behaviour, but also its possible origin in conflict
behaviour and development to a ritualised display.

Cne behaviour pattern that presents a relatively simple oase
was mentioned in Chapter "™wo. This pattern, displacement feeding (as
it was terued), cccurs as an abrupt, out-of-context pattern during
ccurtship behaviour, It was most commonly observed in the ram and
appeared to eventuate at a stage in ccurtship when a ram was attempting
tc avoid the attention of ewes he had already served, The possible
source of conflict (mutually incompatible tendencies) for the ram in
this case coculd have been, a) the urge to seek fresh cestrous ewes
and leave the served ewe alone and, b) the tendenay to respond to
her insistent approaches and courtship,

Other instances of courtship display patterns that have their
origins in oonfliot behaviour are less obvious than the displacement
feeding example. None of the following instances have yet been shown
to be ritualised patterns originating in confliot, but on the basis
of the behaviour observed during this study, the suggested functions
and origins are seen as probabilities. Several other authors have
desoribed these behaviour patteins and have asserted their suspiocions
as to their possible funotions and/or origins,

A courtship behaviour pattern occurs in red deer (Cervus elaphus)
stags in which the stag moves toward an ocestrous hind and tongue fliocks
as he approaches (Ceist,1971 and K,R.Ross,unpubl.). On reaching the fe-
male the stag begins to lick her and so Geist (1971), not unnaturally,
postulated that the tongue flicking approach signals an intention to
lick ~ that is, it is an intention movement, In sheep, tongus flicking
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is an integral part of at least two sexual behaviour patterms commonly
performed by the ram, the low stretch and the twist, However, the only
licking that ococurs in sheep sexual behaviour is during investigation of
the genitalia ard only rerely when sniffing or nuzzling elsewhere, "o
complete body licking as occurs in red deer was observed in sheep, It
is possible that sheep, or a sheep-deer commcn ancestor, once possesszed
the body lioking and tongue flicking approach as a part of its ccurtship
repertcire, but that sheep somewhere along the evolutionary line have
lost the bedy licking component, or modified the licking to nugzling,
while retaining the tongue flicking intention movexent. As anogenital
investigation often preceeds the tongue flicking as it occurs in the
low stretch and twist, it does not appear that tongue flicking is an
intention movement for anogenital investigation and its associated
lioking, hence the suggestlon that it is not a prerequisite flor this
behaviour but has been associated with a more general, body licking
component of behaviour that Las since heen lost by this line,

The low stretch itself could possibly bte an intention movement
for the twist as it is of'ten followed by this display, and also oontains
the tongue flicking ocumponent found in the twist, It is directed from
a distance (i.,e. the ram refrains froz contact) whereas the twist is a
occntact behaviour, soc the ran may perform the low stretch as an intention
movement for the twist, from a distance while he has reservations about
approaching too close to the ewe, The similarity between the two
behaviour patterns 1s illustrated by Geist's (1971) corment that "the
twist is similar to an intensif'ied low stretch", A second possibility
is that the twist and the low stretoh are basically the same display
(Bants, 196, not only did not make a distinction between the two displays,
but also failed to see that such a diff'erence existed) ooourring at two
intensity levels. The low intensity level, the low stretch, not requiring
contaot and the high intensity level, the twist, requiring body contact
between the two animals,

The twist itself is an interesting behaviour pattern, The clement
of orientation in it and the apparent necessity of body contaot for its
performanoe plus its frequent combination with the front kick indicate
it may be an intention movement for the mount,

Both the chinning behaviour pattern and the front kick have been
desoribed as possible intention movements for the mount (Fwer,1968).

The 1ifting of a fore_leg is part of the aot of raising off the ground
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in the 1ifting and lunging action the ram performs when mounting.
Chinning, as a means of plaoing weight on the rump of the ewe to test
whether she will stand or not, before making the more obvious move of
mounting, is a subtle means of indicating intent and testing the female
reaction, Both chinning and the front kiok are partial performances of
parts of the mounting aot.

One aspeot of the front kiack is intriguing., The front kick is
most often directed at-the udder of the ewe or the region of the milk
ridge., 7hile this may be an indirect result of the orientation assumed
during the twist and the front kicks that commonly accompany it, the
sensation received by a ewe from a front kick directed at her udder must
be very similar to the stimulus oaused by a nursing lamb when b:ttins the
udder to induce milk let-down —— a behaviour that induces the ewe to
stand. Geist (1971) found that the front kick was only rarely performed
by ewes, and then only by dominant ones. It is useful to note that it
is only dominant ewes who mount other ewes, so in this context as well,
the front kiock could be acting as an intention movement for (dominance)
nounting.

Most of the saxual behaviour patterns exhibited by the ewes are
puraly investigational and do not appear to have the ritualised properties
that some of the ram behaviour patterms do, except perhaps the 'looking back'
behaviour patterm which, as mentioned previously, involves a degree of
head turning that is not necessary to merely observe what is happening at
the ewe's rear, However, one behaviour pattern common to ewes departs
from this generel scheme, It is the tail fanring behaviour pattern
which could be the functional analogue of the Flehmen in the ram, Tail
fanning, which is also common in oestrous does, is probably a pheromone
dispersing behaviour and therefore a strictly functional act rather than
a derived behaviour pattern as chinning has been derived from the mount,
Tail fanning also ooocurs in mursing lambs, The ewe's response to this
behaviour in her lamdb is to sniff its anogenital region, probably as an
identity chedk,

One difficulty emoountered in this study was the allowance that
had to be made for sexual behaviour patterms that are also used in
aggressive situations, Vhether to label them as aggressive patterns
(as Geist,1971, tended to do), or sexual patterns that are common to
encther context has been a major dilesma. WVhether the patterns in
question (low stretsh, twist, front kick etc.) are true sggressive behaviours
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that have appeared as sexual patterns through a process of ritualisation
of confliot behaviour, or wréther the behaviours are true sexual behaviour
patterns that by a proocess of sexual inversion, caused by conflict in
aggressive situations, came to be used as aggressive behaviours, is un-
known, Vvhile the true course of developmsent is not known it is felt that
the latter process of sexual behaviour patterns finding use in aggressive
situations via a process of sexual inversion is mcre likely because,

a) if the sexual context is examined, only a feew behaviour patterns are
ambiguous (twist, front kick, low at:otoh) whereas in the aggressive ocon-
text almost all the behaviour patterns become ambiguocus, especially mount-
ing, which is a definite sexual behaviour pattern, and b) the fact that
the response to the sexual behaviour patterms used in an aggressive con-
text, 1s further sexual behaviour, such as standing for mounting and
lordosais,

It 18 likely then, that the means by which some behaviour
patterns have become common to both sexual and aggressive contexts is
by a process of sexual inversion occurring in aggression - induced oon-~
flict situations, TFraser (1968) noted that the male mating pattern is
not sex specific and that temporary inversions in sexual behaviour in
individuals of both sex are not uncommon in many species. That these
inversions are not impossible reinforces the probability that sexual
behaviour patterns that ocour as aggressive patterns have been assimilated
by a process of sexual inversion during confliot,

It appears that the sexual behaviour pattermns of sheep can be
divided into two general categories, Firstly there are those paiterns
that primarily, have a physiclogical function, This category would con-
tain sniffing, Flehmen, tail fanning, mounting and tupping. ~uch patterns
would have oommunioatory functions also, but these wo 1d be subordinate
to the main physiologioal funotiona. The second category would contain
behavicur patterns that have signal value only. These are the ritualised,
appeasement patterns that have a communicatory funotion, indicating state
and intent, and containing the intention movements such as the front kiok,
ohinning and twist, The behaviour patterns of both of these categories
aro essential to the courtship of sheep to ensure that copulation oocurs
between the right animals, and at the right time.
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B. [Experimentsl Findings,

This study was planned with two main aims in mind. These were
a) the determination and desoription of the motor aots used by sheep
during courtship and an analysis of the functions and possidle origins of
these motor acts, and b) an experiment to determine the offeocts of
continual mating on the behaviour of the ram,

The findings relatel to 'a’above, are presen*ed in Chapter Twe,
Three and “ix, “ection A, The outcome of the mating fatigue experiment and
its unexpected termination is discussed in Chapter Four, Though this
experiment did not run its full course, a certain amount of data was
collected from it, that in conjunction with the findings of the re-
placement experiment (discussed in Chapter Five), indicated that the dose
level of Oestradiol Benzoate (0.B.) given to overiectomized ewes was cap-
able of influencing at least one aspect of the ovariectomiged ewes'
sexual activity, the frequency with which the ovariectomized ewes initiated
sexual interactions with the ram, Similar findings were made by I.indsay
and Fletcher (1972).

There were alsc definite physiological effeots caused by the
varied dose levels of C.B. admiristered tc ovariectonized ewes, It was
found that as the dose level of ¢,B, administered was decreased, the
interval from C,.3, administration to the onset of oestrus was increased
and the duration of cestrus decreased. <“ocararussi et al. (1971) made a
similar finding. The implications of this finding are that further exper-
iments may be conducted that use levels of (.B, designed to induce an
oestrous state of planned duration and perhaps, intensity. I}'ore work is
nceded to dstermine whether or not there are differendes in breed
responses to C,B,

It was not possidble to determine any differences in breed
performance of sexual behaviour patterns between the two breeds of ewes
used in this study because the experimental structure resulted in an
unavoidable physiologioal difference between breeds as well. General
observations indicate that little, if any, differences exists between the
two breeds of ewe in this respect. (ne analysis did show that there was
little difference in the basic composition of interactions between the
two breeds of ewe and the ram, but this finding was limited by the bi-
faotorial differences between the two breeds,

During 1972 when experiments were being oconduoted with ovariectomiszed
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ewes (see Chapter One) to refine management and recording teachnigues, a
comparison was made between the progesterone intramuscular injeotions
(iemei’s,) and Medroxyprogestercne acetate (}{.’.A.) impregnated tampons
as methods of priming for an induced 0031:1\18.51 No difference between
the two methods could be flound in the two trials for the interval to
oestrus following C.B, and the duration of oestrus, Mor could any
differences in the performance of sexual behaviour patterns be detected
between the ewes of each treatment. Following two such trials a change
was made to K.P.A. impregnated tampons only f'or further experimental
work as this allowed a reduction in the amount of swe handling necessary
in the earlier trials, and because two ewes (one in each trial) had failed
to exhibit oestrus when primed with progestercne injections.

In the 1975 experiments the i,P,A. impregnated tampons were
egain used to prime induced oestrus in the ovariectomized ewes. Results
obtained (for interval to oestrus following C,B, and durution of oestrus)
were similar to those obtained by ‘cararuzzi et al. (1971) who used
comparable levels of C,B. but employed the progestercne i.m.i. method
for priming the induced omestrus.

I{ appears that, at least at ocertain dose levels and applications,
M. ode impregnated tacpons arv equivalent in affect to specific levels
of progesterone i.m.i's. Because the tampon method of priming requires
less ewe handling and therefore means less ewe disturbance, it is felt
that in certain oircumstancges it is a superior method of priming to
the progesterone injection method and that +his finding should be of
use in further experimentation,

Two aspects of the recordings that have not been examined prior
to this are the results of the night observations and the effects of

3 1972 progestercne and % ,P.A, levels,

progesterone i.m,i - 10 mg progesterone in 1 ml peanut oil injeocted
ongce per day for 5 days, (100 ng 0.B. i.m.i, on day 6)
tempon - 40 mg M.P.A. per tampon inserted for 5 days (100 ng 0.B. on day 6).
(L.evels were suggested by one of the thesis supervisors, Dr.!.F,}oc.Donald,
Dept. Cheep Husbandry, Massey University). The levels employed in 1973
are given in Chapters Four and Five,
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weather changes on the sexual behaviour of the sheep.

The ran was found to have three activity periods during the
night. “ach period was approximately 1.5 = 2,0 hours in duretion and
the periods tended to peak at 21,30 hr, 00,30 hr, and 03,30 hxr, The
times of these activity periods could possibly change throughout the
year and may be subject to weather conditions also. In general, sexual
activity occurred at the beginning of these asotivity periods and
usually cocnsisted of investigatory behaviour, though the ram was seen
to court and mount ewes on several ocoasions, The remainder of the
activity periods were usually spent feeding, while the intervals be-
tween activity periols were spent lying down, It was estimated, on
the basis of these observations, that less than one quarter of the
rac's sexual activity ocourred at night and so the daylight obaservations
had probably been successful in observing (approximetely) 80~ of the
ram's daily (2% hour) sexual aotivity.

“hanges of weather did not appear tc grossly affect the sexual
behaviour of the eheep, thcugh inclement weather could csuse (indir-
eotly) minor disruptions to sexual behaviour by its affect on other
behaviour patterns, Rain that came with strcng winds usually induced
shelter seeking, and the sheep oftten sought shade around noon on fine,
varw days. The overall conclusion is that during this study, weather
changes seemed to have only a minor affect on the sexual behaviour of
the sheep observed, A similar finding was made by iulet et al., (1962a),

Ge Corclusions.

Although one of the features of this investigetion was the
discovery of a large amcunt of individuael variation in the performanoce
of sexual behaviour patierns in sheep (also found by Banks,1964;

Hulet et al,, 1962a; Vattner et al., 1967), Fafes (1951,1952) and Inkster
(1953) were able to determine the existence of definite breed differences
in the performance cof sexual behaviour, over and above the individual
differences noted in this and the other, above mentioned, studies,

The possibility that major behaviour differences exist between
breeds could markedly affect the breeding efficiency of crossbred
animals, so the possible existence of breed differences in sexual
behaviocur warrants further attention,
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It is obvious that more investigation is called for, ani not
only into behavioural differences between brecds, (ne of the greatest
problems in this field is the lack of a full ethogram for sheep, An
ethogram is not only a foundation that further studies oan build on but
is a neoessity if the breeding of stud and production stock is to
realise its full potential., It is no longer suffiocient to seleot
breeding stock on the basis of morphological and physiological traits
alone, £s natural selection pressures for precise, correotly executed
courtship have been reduced by modern husbandry methods, it has beccme
necessary tc take account of the behavioural capabilities of breeding
animals when selecting breeding stock because behavioural performance
is a criticel factor in the reproducticn of all aninals,

The contribution made by this study to the field of sheep
sexual behaviour should provide both a feundation and a stimulus for
the further investigation that is required for the construotion of an
ethogranr for sheep, The results of the hormone treatments have
indicated both alternative experimental methods for inducing artificial
oestrus, ani the benefits to be realised by the continuance of sexual
hehaviour studies outside the natural breeding season.



CHAPTER _VII

1. Preliminary observations of sheep seaxual behaviour were con-
ducted during the 1572 breeding season and during the remainder of 1972
and Jamiary 1973, These observations were used to determine the sexual
motor patterns of the sheep and to refine observation and management
techniques, Findings indicated that previcus studies on the subject
had either presented a simplified account of sheep sexual behaviour
patterns or had ignored these behaviour patterns altogether,

2, During the 1973 breeding season, observations were conducted on
a mixed flock of entire and ovariectomised ewes running with a Southdown
ram, Behaviour patterms observed during intersotions between the ram and
ewes were recorded and analysed, The sexual behaviour pattermns that were
recorded are defined, illustrated and discussed in Chapters Two and Three.

de As it was possidble to conduot an experiment within the obser-
vation programme for the breeding flook, an attempt was made to investigate
the effects of ram fatigue, caused by mating large numbers of ewes, on the
behavioural interactions between the ram and ewes, Unfortunately, the
experimental ram died before completion of the investigation, Data
collected bef'ore the ram died, however, was of interest and is discussed
in Chapter Four. This includes a comparison of the sexual behaviour of
entire and ovariectomised ewes which established different rates of
initiation of interactions with the ram, for entire and ovariectomized ewes,
and the physiologioal responses of the ovariectomiszsed ewes to the hormone
treatnent,

4, ! substitute axperiment was designed to involve a replacement ram,
This investigated the behavioural and physiological effects of different
dose levels of hormons on the ovariectomised ewes, It was found that as the
dose of 0.B, was decreased, the interval to onset of oestrus following C.B,
was inocreased and the durution of oestrus decreased. Indirect evidence of
a ram fatigue affeot became evident in this experiment,

Se In the final section of the thesis, the possible origins of some
of the sheep saxual behaviour patterns are outlined and some functions
are suggested, It was considered that many of the courtahip display
patterns of sheep have arisen from behaviour occurring in confliot
situations. It appears that the dsvelopment of a full ethogrem for sheep
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would be a great aid to the selection of breeding stock, which at the
moment is seleoted, in the main, on its morphological and physiological
merits while the behaviour of the animal is considered only indirectly,

The consequences of behavioural parameters in sheep breeding programmes
are disoussed,
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APPENDIX 1.
Sample Recording Sheet for Sheep Sexual Behaviour Patterns.
Date Weather )
. 20 /q - ‘C\L’\L I M\\ol .
Time o ES Behaviour Under Observation
2 sn. 0 s {a

|
9 M Be. mon. L

EXPLANATION. At 3.41 p.m. on 21/4/1973, the ram

approached (|) ewe 19 (#) who was feeding (fd.).

He sniffed her flank (sn. fl.) and then her perineum (sn.).

The ewe looked back (lk) at the ram, then moved off (ma)

to resume feeding (fd) elsewhere. The ram commenced

to feed (fd).

This is an example of a simple interaction involving

investigation of a ewe by the ram.

_ LIBRARY
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Observation Calendar for Experiments One and Two

Date

Group A

Group B

Group C

Observation Period

5/3/1973
6
7
8
9
10
11
12
13
14
15
16
17
18
19

20
21
22

23
24
25
26
27
28
29
30
31
1/4/1973

CoONOOLWN

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

tampons in

Flock mixed

Ram 1 in
tampons out
tampons in
tampons out
0.B. imi

Oestrus

tampons in

tampons out
0O.B. imi

tampons in
Flock mixed

Ram 1 in

tampons out
0.B. imi

Oestrus

Oestrus
Ram 1 out
Ram 2 in

tampons in

tampons out
O.B. imi

tampons in

Ram 1 out
Ram 2 in

tampons out
0.B. imi

Flock mixed

Ram 1 in

tampons in

tampons out
O.B. imi

night observation

Oestrus

Oestrus

Oestrus

tampons in

Ram 1 out
Ram 2 in

tampons out
0.B. imi

night observation

v

night observation

\%
night observation

night observation

night observation

Oestrus

Vi

night observation

Vil
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