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Anç¡n¡cr
Kyle, B€th L. M.S., Tlre University of lvlanitoþ lvlay, L996. Measurement of Vaginal

Temperature bl¡ RadiotelemeEl¡ and Activity by Pedometers for the Detection of Esûr¡s

in Beef Cows. Ìvlajor Professors; Alma D. Kennedy and Julie A.Small.

Vaginal temperature (Tv) and daily activity were monitored in 24 beef cows

during the heeding seasons of two consecutive yea¡s. Eight and 16loose-housed, suckled

beef cows were used during the first and second years, respectively. Vaginal temperature

was measured continuously throughout the breeding seasons using radiotelemeüy.

Radiotrans¡nitters were held in the vagina using a flexible, plastic anchor. To monitor

daily activity, a pedometer w¿rs placed on the hind-leg of each cow in both years, and in

yw 2 a second pedometer was secr¡red to a collar which was fitted a¡ound the neck An

additional pedometer sdy, using 12 unsuckled cows ñtted u¡ith pedometers on the leg

and on the neclq was conducted to detemrine the time interval from the detection of the

indication of estrus activity by the pedometer (DEP) to ovulation. Pedometers were read

twice daily. Detection sensitivity (DS) (conectly detected esEous periods+ total estrous

periods) and detection accuracy (DA) (conectly detected estrous periods+total estrous

periods+false indictions of esrous pedods) of both years combined for Tv were 89.4%

and77.8%, respectively. Pedometers attached to the leg had DS (%) of 62.5,89.3, and

100 and DA(%) of 27.8,69.4, and 82.4, for year 1, year 2, and the supplemental

pedometer ffidy, respectiveþ. Pedometers attached to the neck had DS (%) of 76.7 and

92.9 and DA(16) of 41.1 and 76.5, for year 2 and the supplemental ffidy, respectively.

The time interval between DEP and ovulation was found to be 1216 h. Results indicate

that measurement of Tv arrd daily activity a¡e effective means of detecting esfus in beef

cows.
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Increased use of technologies such as a¡tificial insemination (AÐ and embryo

transfer @T), could drarnatically improve reproductive efficiency within the beef industry.

A¡tificial insemir¡ation is a comrnon practicæ in modern dairy herd management. In

comparison, AI has not been as readily adoped by the beef indusry. Benefits of AI for

beef producers include; the use of genetically superior bulls which may not otherwise be

available at a low cost; ability to breed different zubpopulations within the herd (ie.

heifers and cows) to different bulls to produce offspring with desired naits for that group,

ability to select from si¡es with histories of reproductive success rather than purchasing

an unptoven sire, elimination of initial purchase and maintenance costs of bulls, and to

decrease the length of the breeding season, thereby increasing the unifomrity of the calf

crop at weaning. Knowledge and undersanding of the benefits of using AI for beef cattle

has increased over the past few years, resulting in a very gradual increase in the numbe¡s

of cows bred using this æchnology. Presently, AI tends to be used more in heifers than

in cows, and on $naller, pure-bred operations (Ganfield and Howa¡d,1994)" Although

no comprehensive srveys have been conducted, estirnates of the a¡nount of AI being used

in the beef industry can be made by noting the sale of semen to beef operations.

Percentage of the cow population that is bred u¡ith AI differs depending on geographic

location and therefore herd size and management systems. It is estimated tlnt 20% of the

I¡¡rnorucrrox



beef cow population in Ea,$ern Canada, 6-8% n Cent¡al Ca¡radq and 2-3% in Western

Canada' are b¡ed using AI.

Tlre major deterrent for increased use of AI, and other technologies, continues to

be difficulties in detennining when to breed. A zurvey of Ontario beef producers

indicated that difñculty with detecting esÊn¡s was a greater deterrent in using AI than the

cost of semen, total AI costs, and lack of handling facilities (Cïanñeld and Howard,

L994). Observation for behavioural esrus is the method most often used for detecting

estrus in both dairy and beef operations. IVithin the dairy industry only 50-60% of all

estrous periods are detected (BaÍ, 1975). Effective detection of estn¡s using vizual

methods is labor¡r intensive. A recent survey of Alberta dairy producers indicated that

only 50.3% of daþ operations have a daily schedute for detecting estnrs (Spicer et

a1.,1994). Detection can be expected to be equivalent or lower on beef operatíons as there

is generally less time and opportunity for effective observations. In Eastern and Cennal

provinces approximately 90% of beef producen also work off famr, which limits time

available for effective detection of estrus. In Western Canad4 with the tendency towards

larger herd sizes and more extensive management practices, difficulties in viewing all

cattle and in handling individual cows decrease opportunities for detecting estrus. Poo¡

detection of estn¡s le¿ds to breedings at the wrcng time relative to ovulation which will

result in increased costs th¡ough repeat breedings and/or disappointing conception rates.

Poor results combined with higher than expected coss dec¡eases the feasibility of using

AI for many beef producers.



The development of a method of detecting esÉrus suitable for use in t¡pical beef

runagement sySems would greatly aíd in promoting the use of AI in the beef industry.

Seve¡al devices have been developed fo¡ the dairy indusry to aid in detemrining the best

time to breed by indicating behavioural and/or physiological changes associated with

estrus. TWo methods which may be adapted for use in beef operations are the monitoring

of daily locomotory activity using pedometers and the measurement of body temperature

using radiotelemefiy. Research measüing activity (Kiddy, 1977, Redden et a1.,1993) and

body temperature (Mosher et a1.,1990, Redden et a1.,1993), have shown promising results

in dairy animals. The objective of the present study was to detennine the effectiveness

of these techniques for detecting qstrus in loose-housed beef cows.



Esttous qcle in catile

The estrous cycle of dome*ic cattle ranges in lengfh from 17-25 days, on average

a co\il will cycle every 21 days. As with otlrer ma¡n¡nalian females, the reproductive

cycle is conûolled through the interactions of the ovarian steroids, gonadotrophins from

the pituitary, and gonadotrophin releasing homrone (GnRH) from the hlpothalamus. The

cycle consis'ts of two maþ pedods, the follicula¡ and the luteal periods, which are

cha¡acterised by specific fluctuations in the senrm Seroid honnone ratio (Hafez, 1987).

Estogens (82), are producæd by the granulosa cells of the developing follicle, reaching

maximum levels during the preovulatory period. The high circulating E2 levels stimulate

the hypothalÍLmus to increase the release of GnRH which, in turn, causes an increase in

the release of the gonadotrophin, luteinizing ho-,or,e (LH), ftom the pituitary. There is

a gradual increase in serurr LH concentration during the four days prior to ovuliation.

This is followed by a rapid ¡ise in LH, reaching maximum concentrations approximateþ

24h before ovulation. The surge in LH, which is 6-Eh in duratiorU cause.s the follicle to

nrpture, resulting in ovulation. Sen¡m E2 concentration begins ûo decline with the rise

of LH and returns to basal levels approximately 8h before ovulation (Chenault et

a1.,1974). After the nrpture of the follicle, a co{pl¡s luteum (CT-) foms on the ovulatory

ovary and begins producing high concenfrations of progesterone (Pa) within five to six

days of ovulation (Scha¡ns et a1.,L977). The luteal phase is approximately 16 d in

LuurtrnuRsrmw
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dr¡ration. During this phase, one or two dominant follicle,s will fomrU in succession,

which are large enough to produce significant amounts of E,2. Follicle.s will arophy

without onrlating while the CL is producing high levels of P4. A number of events,

primarily the release of prostaglandin (PGF2a) from the uterus, will cause the rqresúon

of the CL, marking the end of the luteal phase. With CL regression, serum P4

concenüation drops and E2 ¡isqs as the preovulatory follicle increases in size and the

cycle repeats. Receptors for steroid honnones are located at numerous sites throughout

the body and brain. Fluctu¿tions in the ratio of sÉeroid hormone concentrations in the

blood, therefore, induce shifts in behavioru ¡ntterns and physiological fr¡nctions.

Esttvus Belwviour

The temr estrus is used to describe the pre-ovulatory stage of the cycle during

which behavioural changes occur whichrelate to the change in steroid homrones. During

estrus mos cows show an increase in the initiation of aggressive activity towards other

cows, investigatory behaviou¡ (sniffing, nrbbing, chin rasting, Ðd body orientation)

di¡ected towa¡ds and received by other cows, mounting other cows, partial mounting

and/or failed mounting by other cows, and sanding to be mounted @sslemont et

a1.,1980). ^A,lthough all of these behaviours are sen at different stages of the cycle, and

even dwing pregnancy, the frequency of occunence is highest during estrus. For

exarnple, aggressive activity doubles during the immediate pre-ovulatory stage, and79%



and 90% of cows mounting and sanding to be mounted, respectively, are in estrus

(tlurnik el a1.,1975). Differences in the digribution of daily activities also occur befo¡e

ovulation During this time, there is a large increase in locomotory activity, with less

time devoted to resting ard eating activities (Hr¡rnik et a1.,1975, Phillips and

Schofield,1990). Tlre varying ratío of sen¡m E2 and P4 concentations acts to produce

the sequence of behaviours which is seen throughout the est¡ous cycle. Estrous behaviour

occr¡rs when E2 from the growing follicle rise.s and the CL has begun regression,

decreasing production of P4. When administered in isolation to ova¡iectomiznd cows, P4

inhibits e$rous behaviour and E2 acts to Srongly stimulate all sexual behaviours (Vailes

et a1.,1992). Tlre ability of E2 to stimulate individual behaviou¡s varies, depending on

the level of P4 present. Therefore, peak frequencies of rndividual behaviours occu¡ at

slightly different times during estrus. Raæs of aggressive activity and mounting without

standing estn¡s reach pealrs before mounting with standing estrus. Investigatory

behaviours are equally high before and after standing (Essetnont et al., 1980). Mounting,

in particular, is not as inhibited by P4 as other behaviou¡s and can occr¡r when

concenüations of P4 and E2 in sen¡m are high. (Valies et a1.,1992). The standing reflex,

however, is strongly inhibited by P4 even with the presence of high serum E2. Therefore,

only when senrm P4 reaches basal concentrations and E2 is maximal will standing estrus

occur. During the estrous cycle, the sanding reflex occurs almost exclusively within the

period of 24t6 h before ovulation (Vailes et a1.,1992). Standing to be mounted (ie,

standing estrus), therefore, is the mo$ reliable behavioural indication of ovulation. As



well, because it occurs during a relatively qpecified perid before owlation" standing

esn¡s is atso the mos accurate behaviou¡al si$al on which the timing of insemination

may be based.

Wwl Obserwtiots { Beluviour þr Deæction af Estrus

Standing estrus is the most reliable behavioural indication of ovulation. The

du¡ation of this esrtrous behaviour, however, has been found to range from 0 to 26h

(Sa1isbury,1978). There are a number of factors which will influence the intensity and

duration of esrus, and therefore the effectiveness of relying solely on visual observations

for detecting estn¡s. There is evidence to suggest cows are more likely to express estrus

behaviour overnight. This would decrease the opportunities for detecting estrus during

norn¡al observation perids. ltris may be a natu¡al ci¡cadian rh¡hm or ¡nay be due to

the decline in human activity ovemight (tlurnik et a1.,1975). Other studies, however,

have noted high levels of estn¡s behaviour during the day (Fulkerson et a1.,1983). Tlre

physical envi¡onment, particularly footing and available space, will affect the willingness

of cows to mount @hillips and Schofield,1990). The number of cows in estn¡s during the

sarne period also affects the inûensity and duration of estrus behaviour. If only one cow

within a goup is in estn¡s, standing behaviou¡ may not be seen due to a lack of mounting

interest by the non€strual cows (Esselnont et a1.,19E0). When a number of cows are in

estrus simultaneously, the number of mounts per cow and the duration of mounting



activity increase. Hurnik et al. (1975) noted that mounts per cow increased from 11 to

53 when one and th¡ee cows, respectiveþ, we¡e in estrus. As well, definite differences

exi$ anrong indiviù¡al cows in their wilingness to mount esrual colvs, perhaps due to

social rankings (Vailes et a1.,1992). Therefore, the expression of esfrous behaviour is

de¡rndent on more than the circulating $eroid homrone ratio, and the effectiveness of

vis¡¡al observations for the detection of e.sturs will vary according to different

ci¡cumstances.

Visual observations for est¡ous behaviou¡ have been the most commonly used

means of e$rous detection in both dairy and beef operations. King et a1.(1976) found

tlrat, subsequent to the first poS-parh¡m owlation, esrus was observed for >94% of

ovulations when behaviour was continuously videorecorded. Fulkerson et al.(1983)

forurd tJløit 8396 of e$rous pedods could be detected during continuous observations for

12h per day. Lengthy observations and/or continuous video recording are not practical

in t¡'pical management sysems. As the time qpent observing for standing estrus decreases

the number of estrous p€riods detecæd also declines. The¡efore, as well as problems with

variation of the expression of esrus behaviours, the¡e are problems with implementing

an effective daily observation schedule. As Sated in Spicer et al.(1994), only 50.3% of

Alberta dairy producers had regularly scheduled observations time.s. Detection rates using

visual observations for dairy cows are typically le.ss than 60% (BaÌr, 1975).



Sytrchrcnization of Es t nrs

In order to decrease the anrount of time necessary for detecting esÉrus and to

slrorten the breeding seaso& the hormone status of the covv can be manipulated to

synchronize a large ¡nrtion of the herd to be in esn¡s at one time. In the majority of

beef operations, breeding of the entire herd is scheduled within a specified time during

the year. Therefore, synchronization of estn¡s within the herd is an option to decrease

difficulties in detecting estn¡s when breeding with AI. However, depending on which

homrone is us€d for synchronizatior¡ there may be problems with conception or a wide

range of days over which estn¡s rnay occr¡r. Also, the stage of the cycle when

synchronization is induced nlay affect the interval from synchronization to estrus

@eviewed in Odde, 1990). Therefore, depending on the management system, a precise

means of detecting estrus is often sill necassary even with current synchronization

programs.

Methods of Detecting Estrus

Much time and resea¡ch has been devoted to developing methods of detecting

estrus which may be easily adoped into regular he¡d management and which yield

detection rates sup€rior to those achieved by visual observation for standing estrus.

Detection aids a¡e device.s which are designed to detect the occu¡rence of behaviou¡al

and/or physiological changes which are associated with estrus. Due to the greater use of



AI in the dairy industry, detection aids have been developed to be adopted bV dairy

managemenl A nr¡mber of the methods which h¿ve been tesed for dairy cows would be

difficult and impractical to use rnder gæical beef management. Methods of detecting

esÉrus which rcquirc frequent handling of cows and/or aocess to milk sarrples would not

be applicable. Such methods include the measr¡re¡nent of milk progesterone (Walton and

King,1986), milk temperature (Maatþ and Rossing,l976), milk production (Walton and

King,1986), manual reading of vaginal impedancæ (Kitwood et a1.,1993), vaginal pH

(Lewis and Newman,1984), and manual readings of body tempelature (Lewis and

Neum¡arUl 984, Walton and King, 1 986).

Methods which are applicable for beef, as well as dairy cattle, rely on indications

of sanding estrus. Such methods include mount detectors, teaser animal (with and

without the use of marking devices), and taq paint. Fulkerson et al.(1983), reported

detection rates of estnrs in dairy cows of 50,88, and 8096 using visual observations only,

or in combination with homrone teated $eers o¡ tail paint, respectively. 7anfrw et

at.(1983), found that althougtr pressure sensitive dye-filled mount detectors always

indicated Sanding esÍrus, several false indications of estn¡s occured and a high

percentage of replacement detectors were required. Williams et al.(1981) found similar

mount detecto¡s to have an accrracy of detection of orrúy 29%. In a review by Lehrer et

al.(I992), it was concluded tlrat, although cost effective in dairy cows, this t¡'pe of system

was limited due the time requirements for the necessity of daily upkeep.
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Trro methods of detecting esn¡s which have been tqsted in dairy but not beef

ani¡nals a¡e the monitoring of activity using pedometers and the measurement of body

temperature using radiotelemetry. Tlre following two sections review the progress of

development of these merlpds in dairy animats.

Measurcme¡t of Daiþ ,btivity for tIæ Deæction of Estnts

As has been found in ottrer mammalian females, cows show measu¡able increases

in locomotory activity during the preonrlatory period compared to other times of the

est¡ous cycle. Pedometers are devices used to esimate the a¡nount of locomotory

activity. Faris (1954) was the fi¡st to use pedomete¡s to quaritify the diffe¡ence in

activity between the day of estrus and nonæstrus days in cattle. The increase in activity

was found to lasÊ for 24 h. A drop in activity, before and afte¡ estrus, was also noted.

Mechanical pedometers, similar to those used by Farris, were designed originally for

monitoring locomotory activity in humans. These pedometers a¡e read manually and all

calculations are perforrred by the he¡ds¡r¡an. Subsequent results using this type of

pedometer have been varied. Over 20 years afrer the initial pedometer sdy, Kiddy

(1977) laid the ground work fo¡ the more recent use of activity measurement for detecting

esrus in cows. h this ffidy, pedometers s'ere srapped to the anHe of the cov/s rear leg

and were read manually twice daily. Results s'ere encoruaging, with daily activity of

cows housed in free-$alls shown to increase at estrus by two and th¡ee times the standa¡d

ll



deviation (SD) of the mean of all non€stils days in 989É and 93%, rc,spctively, of 87

esh'or¡s cycles. An average increase of activity at e$n¡s of 39316 over non-€strus activity

was found fo¡ this tlpe of housing. Re$¡lts for cows housed in conrfort stalls indicated

that activity on72% arÅ 98* of the esrus days was two and th¡ee times the SD of the

mean of non-eSn¡s days, respectively (39 estrous cycles studied). Activity increased 276%

above activity of non-esÊnrs days when the cows were housed in tie-s{alls. Kiddy reported

few problems with pedometer loss, malfunctions, or false readings of estrus. Williams

et al. (1981), using simila¡ pedometers attached to the forelegs of cows, found 74% and

6896 of esFous periods were associated with activity increases of one and two times the

SD of the mean of non-€.strus activity, respectively. This was compared to a detection

rate of 68% using tmditional visual methods. This study showed that a combination of

visr¡al observation and pedometer detected increase in activity glrørtet than twice the SD

of the mean of non-€strus days would yield a 10% increase in the number of eshous

periods detected with fewer false positives (FP) than by using pedometers alone. A high

rate of pedometer loss and malñ¡nction was reported, however. tr ewis and Ner+'lnan

(1984), found that pedometer readings increased, on average,by 2N% when cows were

in esrus compared to non+strus days. lvlaximum pedometer readings coincided with the

day of esûT¡s in74% of the 55 es¡ous pedds. Pedometers attached to the front leg of

10 Eg¡ptian buffalo detected E5% ofsynchronized e$rous p€dods when read once daily

(Willia¡ns et a1.,1986). This compares to 14% of esrous periods detected using visual

methods in the same study. Redden et al. (1993), r¡sing pedometers attached to the hind-
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leg above the hock and read manually twice daily, measured activity in dairy cows during

26 esrrous perids. Unlit@ the earlier manually read pedometers, the pedometers used in

this sfudy were electonic with a digital dþlay. Of nr¡merous criteria tqsed, a 5O%

inqease in activity over a 15 day baseline gave the highe$ detection ¡ate with the lowest

nr¡¡nber of FP. These cdteria resulted in W% of the eshous p€riods being detected with

fou¡ FP. On average, activity at estrus increased 2.E fold during the da¡ime period when

cows were turned out for a 3h exercise period, but no increase was noted during the

overnight perid when cows werie confined in tie-stalls.

An eleptronic pedometer or activity tag has been developed specifically for use in

cows (Lui and Spalu, L993). The activity tag contains an intemal microprocessor for

automatic calculations of va¡iations in activity from the baseline. Activity tags can be

set for a choice of th¡esholds which will modify the sensitivity of detection. Indications

of movement a¡e recorded as total activity during periods of 12 h duration. A new total

is ¡ecorded every 2 h. Activity for the previous 12 h is compared to the sa¡ne 12 h

perid of a set baseline. Attention is drawn to individual tags with activity counts

exceeding the predetennined criteria by flashing of a light emitting diode (LED) on the

pedometer casing. By placing a magnet on the pedometer casing, a pattem of light

flashes indicate the level of activity for each two h period during the previous 12 h. The

du¡ation of elevations in activity can be detected in this ûranner. As well as the visual

display, data can be downloaded, radiotelemeEically, to a computer for a more detaited

analysis of activity pattems.
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As with the mechanical pedometer, results from *udies with activity tags have

slrown considerable va¡iation in the effectiveness of using pedometers for detecting estnrs.

Holdsworth (19E2), compared næchanical pedometers and activity tags. Mechanical

pedometer readings had to be double that of the previous day to indicate esfn¡s. Doubling

or Eipling of activity was indicated by a LED display on the activity tag" Both

mechanical pedometers and activity tags were read at AM and PM milkings. h this

ffidy, all t¡pes of pedometers, particularly the mechanical pedometers, were found to

have a high percentage of loss, malfunctioru and to be difñcult to read. As well, a very

low detection rate and a high occunence of FP were encorurtered. Favero et al. (1984),

studied results of activity tags placed on the rear leg, front leg, and the side of the neck

in 12 synch¡onized cows. It was detemrined that qsrus activity could be detected in all

locations, but that placement on the legs (front or back), yielded better results because

between-animal SD at estrus was higher for neck than leg readings. Pennington et

al.(1986), used activity tags attached to the rear leg. Data was ¡adiotransritted to a

computer twice daily as cows pa,ssed through the milking parlow. Values during estn¡s

were compared to a baseline consisting of an avenge of the 5 previous readings for the

sa¡ne time peÌiod. Of the 26 e$rous periods sfudied, 23 haÅ pedometer readings above

læ% of thebaseline. Inthissdy,twelveofthe 14behavioursnomrallyassociatedwith

estrus, were found to occr¡¡ during the 12 h time period when pedometers indicated an

increase in activity. In Peter and Bosu (1986), a difference in perfomrance of the activity

tag was found to be dependent on the nr¡mber of days post-partum on which estrus
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occurred. Fifty-seven percent, 9l% and93* of fi¡st, second, and thfud ovulations post-

parhurt respectively, were detected by the tags. Of the total of 91 estrous cycles studied,

76% werc associated with a tag indication of esrus, while 35% wete deæcted using visual

methods. Based on activity tags visual dþlay, Moore and Spahr (1991) found that 55%

of all visually confirnred esÍrous periods were detected by ags and that four out of five

indications of e$rus activity by the tags were not associated with esEus. P¡oblems with

the internal microprocessor were considered the major cause for the poor rasults. Manual

calculations of radiotelemetrically acquired dåta yielded a73% detection ¡ate. Tag data

was lost for 43 visually observed esfrous periods and U% of the tags had to be replaced

due to matfunction during the eight month sfudy. Tlre highes ¡ates of accuracy and

detection we¡e achieved using criteria which consisted of a threslrold of 2.0 fold (two-fold

increase in activity required) and a 12h algorithm (activity during a l2hperiod compared

to previous 12h periods). Pulvemracher and Nfaatje (1992), exa¡nined ¡adiotelemefrically

acqufued activity øgdata" firey reported 45,55, and 64% of efrols periods were detected

when th¡esholds of 1.8, 2.0, and 2.2, respectively, were applied. h this analysis activity

had to be elevated for at least fou¡ consecutive hou¡s to be considered an estrus related

increase. If only a two hour øiterion was applied, detection rate increased considerably

but this was associated with a large number of FP. Lui and Spahr (1993), monitored

activity telemenically during 66 est¡ous cycles in dairy cotvs. Whereas 5E% of estnrs

were visually detected, 74% of esrous perids were detected using the activity tags and

applying criteria including a L.75 fold increase in activity for a du¡ation of fou¡ hours
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over a two day baseline. Using these crite¡ia 49 esúrous periods were detected and 24FP

were found. In general, eror ¡ates were found to decrease with criteria involving

increasing folds increase and du¡ation. Jolhio (1994), arurlyzÅ, activity data collected

from free-stall and tie-stall dairy fa¡ms. A trend ûoward fewer days open and days to first

service in mos herds was found in herds using activity tags. The tags were found to

increase operator awareness of cows which were potentially in estrus. Kennedy and

Ingalls (1995) studied cows housed in tie-stalls with a 3h exercise perid. For the period

com¡nencing 40 days post-paftun¡ 741ú (1T23) of a$rous perids were detected using

activity tags. False positives were a problem in this sfudy. Even with the implementation

of a false ¡nsitive correction procedure, there was approximately one false positive for

every correctly detected esn¡s. Visual detection in this sudy was 13% with two FP.

Daqpite the relatively large amount of ¡esea¡ch which has been conducted with

pedometers, it is diffrcult to gain an ove¡all assessment of the tn¡e potential of pedometers

for detecting estnrs, because of va¡iations in management and reporting of results among

Eials. As the effectiveness of pedometers is based on the intensity of a behavioural

¡e.E)onse, differences inmanagement (ie housing t¡rc, $ocking densþ, floor t¡pe) would

likely influence the rqsults. As well" there has been no sandard method of stating results,

therefore it becomes diffïcult to compare sfudies. For exarnple, some sfudies report a

high incidence of FP readings while in others only a few FP are reported, or FP a¡e not

mentioned. Whether the va¡iations are due to management differences, discrepancies in
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the calculation and/or expression of results, or a tn¡e fault of pedometers is at times

unclea¡.

Despite the differences in procedures, some similarities across tials a¡e apparent.

Pedorreters increase the number of es¡ous perids detected when compared to visual

observations for estnrs behaviorn Therefore, pedometers could provide an effective

means of detecting estrus in cattle. Tlre major d¡awback from using pedometers has been

false positive readings of estrus. However, correction factors and/or coûlmon sense rnay

reduce this problem. Activity on estrus days has been approximately two to four times

the average activity of non+srus days. Therefore, the criteria chosen as optimum inmost

studies generally included an inc¡ease in activity of 1.5 to 2.0 fold ove¡ an activity

baseline of a prescribed number days.

Measurcmeru of fudy Temperuturc þr tIrc Detcction of Estrus

t7

Body temperature is affected by the Sage of the estrous cycle in cattle. The most

dra¡natic change in body temperature occurs during the period of time associated with

estrus. During this period an increase in body temperature of approximately 0.3 to 1.0oC

lasing for 0 to 2L horus has been strown (Za¡trnn et a1.,1983, Mosher et a1.,1990,

Redden et a1.,1993)" This temperafure peak hss been found to coincided with standing

estrus (Rajamahendren et 41.,19E9) arid with the srrge in LH (Rajamatrendren et a1.,19E9,

Moslrer et a1.,1990, Rajarnahendren and Taylor, 1991). As well as the increase in body



temperature at esrus, a less obvious dec¡ease in temperature is seen during the 24 days

preceding estrus (Maatje and Rossing 1976, Fordtram et al. 1988, Redden et al. 1993).

Lewis and Newman (1984), found vaginal temlÞratwe to be lowest during the day before

owlation, to rise for six days afrer onrlation, to remain steady during diestrus and to

decline gnduatty prior to the next on¡lation.

The exact cause of these temperature changes has not been fimly established.

However, the large increase in locomotory activity during estrus is thought to contribute

to the increase in temperature at that time. Walton and King (1986), found that the

la¡gest increases in tem¡rcrature prior to ovuliation were accompanied by visual signs of

estrus. However, the increase in temperature has also occurred with no visual signs of

esirus a¡e observed (Fordhan et al. 1988), and when activity was limited by housing t¡pe

(Redden et al. 1993). This evidence, therefore, suggests a physiological mechanisn

independent, of increased activity.

The temperature change has been assumed to be related either directly or

indirectly to the shift in the steroid homrone milieu. In rats and humans, there has been

evidence linking the central conhol of body temperature and reproduction. In these

species, a close association between temperature regulating neurons and GnRH neruons

within the pre-optic area of the h)rpothalaûrus, has been found @erglund and Simpkins,

1988 and Cagrracci et al., 1992). It has been esablished that the positive feedback action

of esfrogen on the LH surge generator, primarily located in the preoptic a¡ea of the

hpothalarnus, causes the pre-ovulatory surge in LH (Hafez, 1987). The presence of
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temperature sensitive ner¡Klrs in ttre preopic a¡ea of the hpothalamus suggests that the

clrutge in temperatüe during esüus might be related to stimulation of the hpothalamus

by gonadal sÉeroids. In many q>ecies, endogenous opioid peptrdes (F,OP) act in an

inhibitory manner on the release of gonadæophin releasing homrone (GnRH) throughout

most of the es¡ous cycle (Reviewed in Barb et a1.,1991). There has been evidence to

suggest that a decrease in EOP inhibition of GnRH, induced by gonadal steroids, causes

the LH st¡rge (Reviewed in Ba¡b et a1.,1991). Opioids a¡e also thought to have a role in

the centally mediated contol of body tempemture (Rezvani et a1.,1982). In rats,

behaviou¡al and physiological responses (including LH release and body temperature) to

the opiate, morphine, were influenced by the Sage of the esfrous cycle at the time of

administration. Results indicated there was a decrease in the typical reactions

to morphine on the afternoon of proestnas compared to the morning of proestnrs and

diestrus, for all responses measured (Berglund and Simpkins 1988). A similar decrease

in opiate, and possibly EOP, inhibition may occlu during the e$rous cycle in cows.

Another possible explanation for the fluctuations in temperature during the cycle

is the themrogenic effect of proge,$erone which has been well e.stablished in humans

(C-zaja and Butera, 1986 and McCarthy and Rocl¡ette, 1986). In cattle, a drop in

temperature has been measured duing the time when the production of progesterone from

the CL declines prior to estn¡s (Redden et a[ 1993). Cagnacci et al.,(1992), suggested

that the effects of progesterone in women are not mediated directly through EOP activity.
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Tlrcrefore, the p're+strual decline in temperature and the p€ak in temperature occurring

druing esrus may be conEolled by separate mechani$ns.

In dairy cows the possibility of using the change in body temperature as a means

of predicting estn¡s has been explored. Changes in mitlq skin, reÆtal and vaginal

temperatures have been studied. Measr¡rement of milk temperature has been effective in

detecting esrus in dary cows (Maatje and Rossing,1976 and Ball et a1.,1978). A

commercial system is currently available for assessing the occrurence of estrus through

milk temperature. Ear temperature was of no use in predicting estnrs in cattle (Redden

et a1.,1993). Hurnik et al. (1985) found that skin temperature, detected by themnl

infra¡ed imagery, increased at estrus. However, a large number of FP were also found.

Oncæ daily ma¡rual readings of rectal (Ball et a1.,1978, Walton and King, 1986) and

vaginal temperafures (Lewis and Neum¡a¡U 1984) were nd very effective in detecting the

estrual change in temperature. Ttris could be due to fluctuations in body temperature

resulting from diumal and activity related patterns (Amki et a1.,1987) or related to

changes in a¡nbient temperature (Lewis and Nervrna¡U 1984).

Aside from the va¡iable success in effectively detecting the qstrual rise in

temperature, the methods described above would be difficult and/or impossible to

implement into typical beef management. O¡re method which holds promise as a practical

means of detecting estn¡s in beef cows is the non-surgical placement of temperature

radioüansnitters within the vagina 7anfrw¡ et al. (1983), used a plasic support anchor

to hold radiotrar¡smitters in place in 18 heifers for 107 days. Temperatures were received
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from the trans¡nitters once daily at 6:451L The æmpe,rature at estn¡s was found to be

approximately 0.5"C above the average of the previous 5 mornings. The anchor was

found to cause rn problems relating to fertility or health of the heifers. Average days

open and average nrunber of servicelconcepion were found to be higher in a conhol

gfoup compared to the heifers bred on the besis of the t€mpemture peåtcs. Junge-Wentnrp

and Holtz (1984), using vaginal ¡adiot¡a¡rsnitters, found that only a few individuals

slrowed a slight increase in TV near e,stri¡s and that there was no relatíonship between

ova¡ian cycle and body temperatu¡e. C:lapper et al. (1990), using a system similar to

Tatfrtzr. et al. (1983), recorded vaginal tempemtures twice daily until close to expected

qstrus when hourly readings were taken. A temperature peak coincident with estrus was

defined as an increase of>O.3oC for at leasÉ 3 hours, above the temperatures measured

at the sa¡ne time of the day on the pevious and zubsequent day. With this definition,

significant temperature pealrs were found for all 10 cows sfudied. No FP were detected

based on twicedaily temperature readings during the ¡e.st of the cycle. Vaginal

temperature remained elevated for a range of 3 to t h. Using the same ûelemetry system,

Mostrer et aL (1990), monitored vaginal temperature continuously in nine post-pubertal

dairy heifen. Vagirul temperature was recorded at 15-min intervals and later compiled

into hourly meåns. An increase in temperaturc of >0.3'C for at least 3 above the mean

of the temperatures taken on the tluee previous days during the sa¡ne hour of the day was

used to identify the temperature pealc With these criteria, 78% of all estrous periods

were detected and no FP occr¡rred. Tlre range in duration of the increase in temperature
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was 4 to 21 lu Redden et at. (1993), monitored vagirnl temperature in 13 lactating dairy

cows continuor¡sly for an aye¡age of 67 corsecutive days. Ttre criteria used for

identifying a temperature peak were a >0.3"C increase in temperature lasting at least three

hor¡rs compared to the mean of the temperafi¡re of the four prcvious days during the sanTe

hou¡ of the day. Using these criteria, l7 of 21 esûous periods were detected and three

FP occuned. Tlre mean maximal increase in temperature was 0.6r0.3'C and the mean

duration of the temperature peak was 6.8+4.6 h.

Although there have been relatively few studies conducted, continuous monitoring

of vaginal temperature may be a promising strategy for detecting estnrs in cows. As

shown by the studies with continuous monitoring of temperature, the peak may last for

only a few hou¡s and mus be compared with a baseline of the average temperature for

the sa¡ne time of day ûo be effective in distinguistred the slight rise in temperatue

associated with nomral daily rh¡hms. As well, continuous monitoring by radiotelemeüy

is the only practical mettrod for using body temperature to detect estrus in cows

ûtaintained in t¡pical beef mar¡agement systems.
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Øttchtsion

To date, there has been no assessrent of the effectiveness of using pedometers or

vaginal transuritters for detecting esrus in beef cows. Ahhough the evidence suggests

these methods may be effective for dairy cows, results using dairy cows may not apply



to beef cattle due to bre€d and/o¡ management differences. For exarple, most beef cows

would be suckling calves during the breæding period and the physiological reqnnses to

sucHing differ from milking (Reviewed by Williams 1990). Perhaps due to high milk

productiorU there is an inøeased occunence of ova¡ian abnormalities in dairy cows

compared to beef cows. This zugge.ss that the endocrine sysem of beef cows is more

stable than that of dairy cows, therefore homrone levels and behaviou¡ would be affected

(Jainudeen and Hafez, 19E7). Ilanzertet al. (1994), for exarnple, found detection of estrus

was higher for beef cows than for dairy cows. Differences in management, such as

housing facilities and frequency of handling individual animals, also exist between beef

and dairy o¡rrations. Therefore, specific te$ing of pedometers and temperature telemetry

in beef cows would not only increase lnowledge concerning these methods of detecting

estrus, but would also detennine if there a¡e substantial differences in the practicality of

using these methods for beef cows comlnred to dairy corvs. The development of a

method of detecting e,sn¡s which is practical and effective under beef management

conditions could g¡eatly increase the feasibility of incorporating AI into for beef

reproductive management.
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Peats in vaginal temperature (TV) were assessed as predictors of esrus in loose-

housed, sucHed beef cows during the breeding seaso¡rs of two consecutive years. Vaginal

temperature was monitored continuously, using radiotelemetry, h I and 16 beef cows

during the fi¡st and second years, respectívely. A flexible plastic anchor was used to

retain the radionansmitter within the cow vagina for the dr¡ration of each breeding season.

Blood samples were collected twice weekly for analysis of sen¡m progesterone to confimr

the occurrence of eSn¡s and ovarian siatus was checked weeHy using nansrectal

ulfasonography. Visual observations for e.Sn¡s behaviour were made for 20 minûr

between 4:00h and E:001u and casually from 8:00h to 16:00h. Values for TV collected

at 4-minute intervals were available for a total of 47 esf,rous periods in the two years. A

peak in Tv was defined as an increase in TV of at least 0.4'C for 3 or more consecutive

hou¡s over the cones¡nnding hourly means of the previous 4 days. During the two

breeding seasons, a peak in Tv was found fot 42 of the 47 confinned estrous perids

(detection sensitivity of 89.a%). Detection accuracy was found to be 77.8% (7 false

positivas). Mean maximat increase in TV was 0.91'C and the ayemge duration of the

peak in TV was 6.5t2.7h. A decline in Tv was observed a few days prior to estrr¡s and

a slight rise in TV was noted to occur at mid+ycle. Detection sensitivity and detection

accuracy fo¡ visual observations of sanding e$rus were found tobe 53.2% arrd 52.1%,

respectively. Continuous monitoring of TV using radiotelemeüy was found to be a

sensitive and accurate mea¡rs of predicting estn¡s in beef co\trs.

AbSrect
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Difüculty with detecting e$rus impedes the use and success of a¡tificial

insemination (AI), embryo tansfer, and methods to conhol ovulation that would featly

improve reproductive efficiency of beef cows. It has been lnown for some time that

there a¡e changes in body temperafure associated with e$n¡s in dairy cattle (Wrenn et al.

1958, Fallon 1959). h dairy co\ps, there is a depression of body temperature a few days

before estrus (Lewis and Newman 1984, Redden et at. 1993). This is followed by a

temperature inc¡ease which has been found to be closely associated with the onset of

$anding qstri¡s ( Rajarnhendran et a1.,1989, Rajamahend¡an and Taylor 1991) and the

preovulatory surge in luteinizing homrone (LH) (Raja¡nahend¡a¡r et a1.,1989, Mosher et

a1.,1990). The temperature peak can be relativeþ strort-lived,lasting at times for only a

few hours (Redden et a1.,1993). Therefore, frequent temperature readings are necessary

to consisently detect the peak As well, handling of cattle nray induce stress-related

changes in body temperature (Mosher et a1.,1990). Thus, rcmote temperature sensing is

the only practical method for using tlre change in body temperature as a mear¡s of

detecting e$rus. Although studies have slrown the effectiveness of using radiotelemetry

for detection of the change in body úenr¡ærature in dairy cows (Zartman et a1.,1983,

Mosher et a1.,1990, Redden et a1.,1993), the use of this technology in beef cows has not

been tested. Remote temperature sensing is particularly practical for detecting estrus in

beef cows, considering the handling and housing practices which are common to beef

cattle management. The objective of the present study was to test the feasibility and ,

Int¡uduction
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effectiveness of using vaginal temperature CIV), detected by radiotelemetry as a method

of detecting estn¡s in loose-housed, sr¡ckled beef cows.

Anirnals and Motwgemeru

Year I

During March and April 1992, eight multiparous sucHed Hereford-cross cows

were fitted with radioEansmitters commencing from 21 to 56 days post-partum.

Radiohansnitte¡s ¡emained in the vagina for 55 to 63 days. Study cows were housed in

two pens containing 10 cows each. Pen t housed cows nr¡rsing only their own calves and

pen2 housed cows nursing thei¡ own plus an adopted calf. Th¡ee cows in pen 1 and five

cows from Wnz were used forthe study. Tlre indoor straw-bedded pens (11.6 mX

11.6m) were connected to outside yards (11.6 m X 8.8m). Cows were given ftee access

to hay and water. Cows in pen 1 and Wn 2 were given I kg and 2 kg grain per head,

respectively, twice daily at l0:00h and 16:00h. As part of another experiment

(Manuscrip 2), cows were also fitted with pedometers above the hock on the hind-leg.

Based on previous sr¡ccessñ¡l results, barn saff made \risual observations for estnrs

(standing heat, mounting activity, vaginal discharge) for 20 min/h daily from 4:00h to

8:00h and casually (while perfonning other duties) from 8:00h to 16:00h. Begiruring in

April, cows were bred by AI based on visual observations.

nfiet€r¡als end Methods
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Year 2

During March and April 1993, sixteen nurltiparous Hereford-c¡oss sucHed cows

were fitted with radiora¡rsmitters commencing from 25 to 62 days post-partum.

Radioua¡¡s¡nitters rcmained in the vagina for 10 to 54 days. Cows were loose-housed in

a group of 10 (cow nursing one calÐ and six (cows nursing two calves) in the pens

de.scribed for Yr. 1. Management was similar to Yr. 1, except gnin feeding took place

once daily in the AM. As part of andher experiment (Manuscript 2), cows were fitted

with pedometers above the hock on the hindJeg and on the neck Cows were bred in

April using AI based on TV rasults, pedometer results (Manuscript 2), and/or visual

observations.

Measutemew of t'bginal Tempemturc

28

A radiotelemetric system (Wildlife Materials Inc., Carbondale, IL) consisting of

identity coded temperature sensitive radiotransmitters, radio receiving antennae, a ¡adio

receiver and a 386 MB computer for daø logging was used to collect TV from all cows

at approximately 4-minute intervals (Redden" L992). The antenna was attached to the

ceiling of the barn between the two pens containing the test cows. fire distance between

the antennae and ttre furttres pen boundary was 60 m. The time inten¡al between

consecutive radio üa¡rsmissions w¿¡s inversely related to temlrcrature of the



radiotransuritter. For each signal received, a record was made of the cow identity and the

time of recepion of the signal. Cr¡stom softwa¡e was srbsequently used to calculate the

temperature of the radiotra¡rsuritter during the interval from the last received signal

(Reddeq 1992).

Radiotransuritters were encased in a support anchor (Figure 1) and were cold

geriliz€d (benzalkonium chloride solutiorq l:750,mvml) prior to insertion into the vagina

to a depth of approximately 20 cm. Anchor finger lengths were between?S-30 mm and

30-35 mm for Yr. 1 and Yt Z,respectively. The n¡lva area was washed thorouglrly with

iodine solution prior to anchor/Ear¡smitter insertion into the vagina. Hand insertion of the

anchor encased üansnitter was facilitated by use of lubricating gel, wamring the anchor,

and flattening of the anchor finger projections againS the anchor body during passage

through the external sphincter of the vagina.
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Ønfinrctíon of Estrus

In Yr. 1, blood samples were ohained twice weekly by jugular venipuncture and

were analyzed, in one assay, for sen¡m proge.sterone (P4) by radioimmunoassay using the

method of Abral¡a¡n et a1.(1971) as modified by Yuthasastrakosol et al.(1974) and

Sheilúreldin et al.(1988). Assay sensitivity and inha-assay coefficient of va¡iation (CV)

were .07 ng/mt and L5.6%, respectively. Sanrples collected twice weeHy in Yr. 2 werc

anzlyzrÅ,using Coat-a€ounto kits @iagnoSic Froducts Corporation, Ios Angles, CA).



Ass¿y sensitivity and inna-assay coefficient of variation were 0.05 ndml alrrd 6.5%,

respectively. An esrus was considered confimred if sen¡n P4 was s 1.0 nglml at the time

of estn¡s and rose above 1"0 ngfnl within one week TFansrectal ulnasonography of the

ovaries, using a real+ime ulüasound scanner (Pie-Medical 450, BramptorU Onta¡io) and

a 5.6 MIlz rectal probe, was conducted weeHy for further confirmation of ovarian status"

This provided additional infomration concerning the cows reproductive status.

Calculatiotu and Staisdcs

Temperature means for each hour were calculated from the 4-minute readings.

Hourly means were compared to a baseline consisting of the average for the sa¡ne hour

calculaæd over the previous 4 days. An e.stn¡s was considered to have occu¡red if the

hourly mean increased by 0.3"C above baseline for 3 or more consecutive hours (Redden

et a1.,1993). In Yr. 2, where AI was based on temperature, as well as other methods of

detecting e.stnrs, calculations were made daily between E:00h and 10:00h when data for

the previous 24h was exa¡riined. If an inc¡ease in TV met the above criteria, colvs were

then bred using AI between 10:00h and 15:0Oh of the day on which the temperature

increase was noted. h both years, further criteria were applied to the data on a post hoc

basis. Ba,selines consiSing of the previous two, tlree, four, ot five days were tested. For

each of these baselines, all temperature peals meeting or exceeding a 0.3"C and a 0.4"C

increase over the basal level and lasting for a minimum of 3 and 4 consecutive hours
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were detemrined. A temperature peak was considered to be associated with esrus if it

coincided (within three days) with a P4 value of sl mg¡fml and the esúrus was confimred

by ulfasound. A peak was tenned a false positive if it occuned outside of the confimred

estrous perids. O¡r a number of occasions, TV was elevated above baseline for the

required minimurn period, declined below the required increase for a number of hours,

and then met the criteria again. If such a pattern occured, with the second peak

occurring within 24 hours of the first, both pe¿Jcs we¡e considered part of the estn¡al

increase. Similarly, if the same lnttern occurred outside of a confimred esrtrus period,

with the second peak falling within 24 h of the first, both peal$ were considered part of

the sa¡ne false lnsitive.

Measures of the detection of e,strus using TV we¡e calculated for each criteria

using the following definitions and fonnulae:

TE=total number of P4 and ulnasono$aphy confinned estfous periods

DE=total number of Tv correctly detected estrous perids (increases in Tv conesponding

with confimred estrus)

FP=total nrmber of false positive readings (increases in TV not corresponding s'ith
confinned estrous pedods)

DS=TV detection sensitivity as a percentage ((DEÍIE)*100)

DC=TV detectíons which were correct as a llercentage ((DE/(DE+FP)*1@)

DA=TV detection accuracy as a perc€ntage ((DEffE+FP)*1m)

Contasts were used to compare Tv druing specific periods of the esúous cycle.

Students t-test was used to compare differences in the time interval between the onset of '

3t



the temperature peak and AI for s¡ccesúil and faild b¡eeds. Statistics were perfomred

using SAS version 5.16 (1986).

R€$lts

Radionansmitter and Suppn Anclnr Ffunctíon

Difficulties with the telemetry sySem anÜor computer system were minor and

resulted in approximately 50 hou¡s of missing data per cow during both years. Failure

of the support anchor to hold the transuritter in place resulted n 297 hours of missing

data for Yr. 1. The frequency of loss of the anchor and üansuritter varied among cows

in yr. l. For example, although trarisûritter loss occuned in six cows, 119 of the total

missing hou¡s of data occurred in one cow (X11). During Yr. 2, only one incident of

fa¡rsmitter loss occurred. Improvement of anchor function may have been due to the use

of longer finger projections on the anchor n Yt. 2. Duing Yt. 2, however, a

manufactgring enor in the wax coating of the trar¡smitters resulted in elecnical failures

and missed readings on a nr¡mber of occasions. As a result, data was available for

between zero to two estrous perids per cow rather than the expected three to fou¡ esEous

cycles per co\il. Breeding by AI was possible without removal of the radiotransrnitter

from the vagina No ill effects to the health of the cows lvere noted due to the presence

of the Ea¡rsmitters.
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Detcction of Estnu

Vaginal tpmperature results for years 1 and 2 we¡e similar and have been

combined for analysis. An exanrple of TV data for one cow (X43) is slrown in graphical

fonn in Figure 2. Increases in temperature exceeding citeria occurred 52,73, and 94

days post-partum- The days of increased TV were within pedods in which the occurrence

of ovulation was confimred by P4 concenhations and ulnasound results.

Results for all criteria are given in Appendix I (Tables I and 2). Only estrous

perids fo¡ which data was available for >5 days of baseline (n=42) were included when

comparing criteda. Variation due to changes in criteria are apparent. Detection

sensitivity decreased as the criteria for magnitude and duration of the peak increased.

Generally, the detection sensitivity decreased with an increase in the days of baseline.

The numbe¡ of FP follows the same frends as the number of true estrous pedods detected,

decreasing with increasing requirement for magnitude and du¡ation of the peåk and for

the length of baseline. The decline in the number of FP is greater than the decrease in

the number of detected estrous perids when the criterion for magnitude of Tv increase

was raised from 0.3"C to 0.4"C. This suggasts the magnitude of FP peåt<s is lower than

that of estrual reliated pealcs in Tv.

The percent correct, indicating the percent of the detected temperature p€åls which

were associated with e$n¡s, is inversely related to the number of FP. Detection Írccuracy

shows the effects of both detection sensitivity and the number of FP, and therefore gives

the most practical overall assessment of criteria for detecting estn¡s. The criteria that '
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mâximized accuracy defined efri¡s as an elevation in TV of > 0.4"C for > 3 consecutive

h above the previous three days baseline. Results obtained for the DE, FP, DS, DC, and

DA using the above criteria for TV and using visual observations for esrus are prasented

in Table 1. All e$¡ous pedds s,ith three days of baseline data available (n=47) were

used for these calculations. Detection sensitivity was t9.4% using TV compared to 53.2%

for visual observations. Accuracy using Tv (77.8%) was higher than that found using

visual observations (52JfÐ. However, the percentage of detected estrous periods which

were correct was lower for vaginal temperature (85.7%) than for visual observations

(96.2%), indicating there were fewer FP for the visual method. For the estrous periods

detected using the above criteria, peal$ in Tv at esrus had a mean tS.D. du¡ation of

6.5t2.7 h (range = 3 h to 14 h) and the mean r S.D. of the maximum increase in Tv at

esfus was 0.91*0.35"C. With this criteria, only seven FP occurred (two during Yr. I and

five during Yt.2). One false positive in Yr. 1 occuned 29 hours after a estrus related

increase in Tv. Although the peak was defined as a false ¡nsitive, because it did not

occlu within 24 hours of the first p€ak in TV, it may have been associated with estnrs and

would not have ted to a false breeding of the cow. The five FP detected during ye:ir 2

occu¡red in one cow (W111). firis cow dþlayed temperature peal$ meeting the criteria

every four to eight days tlroughout the teg perid. Ovarian function, P4 profile, and

early gesation appeared normal for this individuat. In general the increase in Tv for FP

was lower than the increase of estrus related peåI$, as can be seen by the sltarp decrease

in the number of FP when the requirement for peak rnagnitude was increased from 0.3"C
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to 0.4"C (Appendix t). False positives for cow W111, however, were similar to esÍrus

related temperature increases in Tv with a rnea¡r maximum increase of 1.12+0.6'C and

a du¡ation of 6.2*,2.3h. As noted by Junge-Wentnrp and Holtz (1984), infections and/or

the occr¡rrence of masitis drarnatically changes the body temperature profile and obscures

nomnl teml)€rature paftems. Therefore, Wl11 mayhave had a ch¡onic infectiorL causing

frequent fluctuations in body temperature.

Hourly mean TV for all estrous perids following cycles of 19-22 days (n=15) in

length were plotted from the first hou¡ TV had returned to baseline at the previous estrus,

through the estous cycle to the las hou¡ of the Tv peak (Figu¡e 3). With the exception

of 10 h associated with the esrus pealq the cycle was divided into seven periods of three

days each. Overalt TV during the th¡ee days before esrus was found to be significantly

lower (p<0.05) when compared to all otlrer thrce day periods. When calculated on an

individual basis, this was also true for all but one estrus. Also based on individual cycles,

TV of the th¡ee days associated with the mid-point of the cycle were found to be

significantly (p<0.05) higher when conüasted with the rernainder of the cycle.

Figrre 4 indicates the mean hourly TV for all est¡ous periods detected (n=42) for

seven days before and subsequent to the laS hour for which Tv was elevated (met the

criteria). Both the dramatic elevation in Tv at estrus and a tendency for Tv to be

depressed prior to estrus a¡e evident. Overall, TV of the 48h period before the estrual

increase (-3 d to -1 d) was found to be signiñcantly (p<0.05) lower than for all other 48h

perids. On an individual basis, this was tn¡e for E4% of the estrous periods studied.
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Overall, there was also a significant difference in TV between the periods of -3 d to -1

d and -7 d to -3 d. This was also true fot 76% of the individual estrous periods.

Of the 47 est¡ous pedods studied, 25 were associated with visual observations of

sanding esrus or high levels of mounting. Low levels of mounting were observed on five

occasions, and no visual sigrrs of e$rus were found fot L7 of the e$rous periods.

Eighteen of the 22 e$¡ous periods with little or no visible beh¿viour were detected using

Tv. In Yr. 2, AI was perfonned for 12 of the esrous periods detected by Tv. Of the

seven resulting pregnancies, fow were the result of AI based solely on Tv data.

There was a difference G<0.05) in the interval from the onset of the temperature

peak to the time of AI between cows which conceived and those which did not conceive

n year 2. Successful breedings (n=7) took placæ 20+5 h after the first hour of the

temperature p€alq while breedings which did not lead to conception (n=5) were conducted

l2*.5 h after the temperature peak
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The use of temperature telemetry for the detection of estrus was particularly

sensitive (89.4%) for the beef cows of the present study. Using the sarne or comparable

telemeûic devices in dairy cows, Redden et al. (1993) and Mosher et al. (1990) we¡e able

to detect 8l% andTE% of estrous periods, respectively. The detection ctiteria chosen in

the th¡ee sfudies were similax. However, due to the apparently larger magnitude of the

Discussion



peak in TV in beef cows, the criteria yielding the highe* accuracy included a 0.4"C

inc¡ease rather than a 0.3'C increase which was used in the other sfudie.s. It is likely that

the large increase in TV of beef cows at estrus conüibuted to both the exc¿llent sensitivity

and accr¡¡acy in daecting estn¡s.

The mean måxim¡m inctease in Tv at estn¡s was 0.91t0.35"C in beef cows but

only 0.6t0.3"C in daþ cows (Redden et al. 1993). The dairy cows studied by Redden

et al. (1993) were housed in tie-stalls for the majority of the day. If the increase in

locomotor activity at e.Srus conbibutes to the temperature pealq as suggested by Walton

and King (1986), loose housing of the beef cows in the present study may have

contributed to the large increase in Tv at estrus. Du¡ation of the Tv peak in the present

sfudy was comparable to that seen in dairy cows, taking into account the variations in

criteria used (Redden et al. 1993, Mosher et al. 1990).

Tlre changes in t€mperafure which occured duing the eshous cycle were

consistent among es¡ous periods studied (Figue 3). This suggests that fluctuations in

temperature might be related to the horrronal milieu during particutar phases of the

est¡ous cycle. Cental conEol of body temperature @ezvani et a1.1982) and the release

of GnRH (Reviewed by Barb et al. 1991) have been found to be influenced by opioid

peptrde action in the preoptic area of the h¡pothalarus. In rats, there was a decrease in

tJæical behaviou¡ial and physiological rcsponses to an opíate on the afternoon of proestnrs

compared to the monring of proestrus and diestn¡s for all reE)onses measuted, including

body temperature and LH release (Berglund and Simpkins 19EE). The increase in body
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temperature at estrus, therefore, may be related to the initiation of the LH surge. A

similar dectease in opiate, and possibly EOP, furhibition may occur dudng the estrous

cycle in cows.

Anotlrer possibility for the fluctuations in temperature during the cycle is the

themrogenic effect of progeserone which has been well esablislred in humans (Czaja and

Butera, 1986). In the present Sdy, elevated and lowered temlreratures were found during

the luteal and pre+stnrs periods, respectively, which conesponds with changes in P4

concenûations. Iæwis and Newman (19E4), found similar changes when measuring

vaginal temperature in cattle s¡çp rlaily throughout the cycle. Cagnacci et al. (1992),

suggested that the effects of progesterone in s,orrcn are not mediated directly through

EOP activity. Therefore, the changes in temperature seen during the cycle and at estrus

may be conholled by separate næchanis¡ns.

The astrual temperature peak and the LH suÌge are thought to occr¡r

synchronously during the preovulatory period (Rajarnlrcndran et a1.,1989, Mosher et

a1.,1990). The LH surge has been found to be a reliable indicator of the timing of

ovulation (Raja¡nahendrm et a1.,1989). In Yr. 2, AI was perfonned, in lnrt, based on Tv

results. Although calculated from a mall sanrple size in this study, a diffe¡ence in timing

of AI which did and did not tesult in concesion was found. These preliminary results

suggest that AI slpuld be done on tlre day following the peak in Tv. However, the

temporal relationship between Tv and on¡lation should be invesÉigated fu¡ther. Monitoring
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of Tv using radicelemetry may lrrcrve to be an eccr¡rate urethod of Fedicting the time of

ovulation and, therefore, could lrrrye valuable in ensring the correct timing of AL

Although FP were not a major problerr in this sdy, the pre+.*rus decrease in

Tv might be useful in disinguishing estn¡al and false positive p€al$ h TV, as suggested

by Redden et al. (1993). Due to the low nr¡mber of FP in this sdy, a simila¡ analysis

to Redden et al. (1993) could not be made. Fo¡ 84% of the estrous perids in the present

ffidy, TV for the 2 d period preceding the day of estrus was found to be signiñcantþ

lower than the TV of the previous 4 d period. The pre+.stral depression in Tv might be

used as an early indicato¡ of esrus, if it is found to be predictable in magnitude and

duration, and if it is unique to the pÌe-esrus period.

Monitoring of vaginal temperature using radiotelemetry was found to be an

effective means of detecting esrus in beef cows in the present study. Using a criteria of

a 0.4"C increase in temperature for at leas th¡ee consecutive hours over a three day

baseline, detection sensitivity and detection aocuracy $,ere found to&,89.4% and77.8%,

reqrcctively. This compares to a 53.2% and a 52.L% detection ænsitivity and detection

accuracy using visual observations for esÉrus behaviou¡. Tlre results ofthe present study

indicate that the monitoring of Tv by radiotelemetry is an effectíve and practical means

of detecting estrus for beef cattle urd its use could prorrote the use of AI within the beef

industry.
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Table I - Detection sensitivity, TV detections which were corect, and detection accuracy
for vaginal terrperature and for visual observations of behaviou¡ial estrous
periods(TE -a7).

Detected Estn¡s

False Positives

Detection Sensitivity(% )

Correct Detections(%)

Detection Accuracy(%)
'TE=rotalconrrmr@
bGiteria of 0.4"C increase in temperature for at least 3 consecutive hours over a 3 My
baseline.

Vagtunl
Temperatureb

42

7

89.4

E5.7

77.8

42

Visual
Observations

25

I
53.2

96.2

52.1
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Pealcs in pedometer measued activity were assessed as predictors of esn¡s in

suckled beef cows during the breeding seasons of two consecutive yea¡s. Activity of I
and 16 cows was monitored in Yea¡ 1 and Year 2, respectively (Experiment 1).

Additiotully, 12 r¡nsucHed beef cows were $r¡died over a perid ranging from 28 to 52

days (Experiment 2). A pedometer was placed above the hock on the hindJeg of each

cow in all trials, and an additional pedometer was secued to a collar which was fitted

around the neck of cows in Experiment 1 (Year 2) and Experiment 2. h both

experiments, cotvs were loose-housed and pedometers wete manually read twice daily.

Blood samples fo¡ the analysis of sen¡m progesterone and ultrasound scans of the ovaries

were taken to confinn the occurrence of orn¡lation In Experiment 1 visual observations

for behaviou¡al estrus were made for 20 min/h between 4:00h and 8:00h and casually

between 8:00h and 16:00h. Using criteria which optimize detection ¿rcctuacy (DA),

pedometers attached to the leg had a detection sensítivity (DS) (%) of 62.5,89.3, and

100.0 and DA (%) of 27.8,69.4,and82.4 for Experiment 1 (Yea¡ l and Year 2), and

Experiment 2, reçectively. Using criteria which optimize DA, pedometers attached to

the neck had DS (%) of 92.9 and76.7 arLd a DA (16) of 76.5 and 41.1, in Experiment 2

and Experiment 1 (Year 2), respectively. Visral detection DS (%) rariged from 68.8 to

36.7 and DA (%) ranged from 64.7 to 36.7. The difference in pedoureter ¡esults using

criteria which optimize DA and sandard criteria of a 2.0 fold inc¡ease in activity over a

10 day baseline was minimal. Overall, pedometers were found to be an effective means

of detecting estrus in beef cattle.

Abstrsct

ß



Cows show varying levels of increased locomotory activity and decreased time

spent feeding and resting prior to ovulation (Humik et a1.,1975). Pedometers, which are

mechanical and/or electronic devic€s used to ûreasure locomotory activity, have been used

as a means of quantifying changes in daily activity in dairy cows. Numerous sudies have

asse.ssed the effectiveness of using pedometers to measure activity as a means of esFous

detection. kt dairy cows, pedometers have been shown to detect a high percentage of

estrous periods Q6% to 98%), compared to detection by visual observations alone (35%

to 60%) (Kiddy 1977, Willia¡ns et a1.,1981, Peter and Bosu 1986, Redden et a1.,1993).

The present study is the fi¡st to exarnine the feasibility and effectiveness of using

pedometers for the detection of e*rus in sucHed (Experiment 1) and non-sucHed

@xperiment 2) loose-house beef cows.

Intrrduction

47

hperirrcntl-YearI

Animak atd Motwgemen

Eight multiparous Hereford-cross sucHed cows, 2l to 56 days post-partum" were

used during the March-lvfay breeding season n 1992. Study cotvs weÌe housed in two

¡æns containing 10 cows eaclu Pen I housed cows nursing only their own calves and pen

2 housed cows nr¡¡sing their own plus an adoped calf. Three cows in pen 1 and 5 cows

nilaterials and Methods



in pen 2 werc used for the study. The indoor bedded pens (11.6 X 11.6 m) were

cormected with acce.ss to an outside yard (11.6 X E.8 m). Cows were given free access

to hay and water and were given glain (1 kghead for pen 1 and 2 kglhead for pen 2)

twice dqily at 10:00h and 16:00h. As part of anotlrer fidy, all cows on test were fitted

with vaginal radiotransmitters (tvlanusøiÉ 1). Visual observations for estn¡s (standing

heat, mounting activity, vaginal discharge) were made daily for 20 min/h from 4:00h to

E:00h and casually from 8:00h to 16:00h. Beginning in April, breeding using AI was

perfonned based on visual obaervations of estnrs.

kdorncten

Pedometers were attached to a hind-leg of each cow. The digital pedometers

@igi-Walker-L and Digi-Walker Mini,EM-20l, Yamax Corp.,Yokoharna) were modified

for cow use by coating with rubber and attachment of foa¡n backing using duct tape. I-eg

pedometers were secured ûo the leg above the hock with elastic straps and Velcro (Figure

5). Pedomete¡ numeric values were recorded twice daily at feeding for a period of 67 d.

Daytime (10:Oh - 16:00h) and overnight (16:00h - 10:@h) pedometer activity values

were calculated daily and used to generate da¡ime and overnight baseline mea¡rs.
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Ørûmotion of Estrus

Blood sarples, obtained twice weekly by jugular venipuncture, we¡e analyzed for

senrm progesterone (P4) by radioimnrunoassay using the metlþd of Abraha¡n et al.(1971)

as modified by Yuthasa,súnlcosol ú aLQn4) and Sheil¡lreldin et al.(1988). An esrus was

considered confinned if serum proge$erone was found to be < 1.0 nglmt at the time of

estus and then to rise above 1.0 ng/ml within one week Transrectal ultrasonography of

the ovaries, using a real-time ulnasound scanner (Pie-Medical 450, Sterne Medical

Equipment, Brampton, Ontario) and a 5.6 MHz rectal probe, was conducted weeHy for

further confinnation of ova¡ian status. Dia¡neters of co4rora lutea and all visible follicles

(>6mm) were meåsured and recorded.

hperinænt 2

Ani¡ruk ond Marugemcnt
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Seven multiparous and five primiparous Hereford-cross beef cows wele used as

experimental animals in this experiment and as part of another study (Manuscript 3).

Cows were loose housed in an indoor WrL Q4 m X 4.5 m), with access to an outside yard

(6 m X 6 m). Cows were given free access to hay and water and were given 0.5 kg of

barley daily. Eleven cows had calved just prior to the beginning of the experiment, and

one cow had been open and cycling normally at the beginning of the study. Calves were

removed within 24 hou¡s of parturition as part of an experiment un¡elated to this study.



Data were collected between January 20 ar¡d lvfarch 17,1993. Tlre time on test va¡ied

among cows from 28 to 52 days, depending on calving daæs. Early post-partum cows

were put on þ$ between 3 arid 14 days posû-parh¡ÍL Observations for e$n¡s behaviour

we¡e not made on a routine basis. S¡nchronization of estn¡s using Estrunate@ was

perfonned in certain cows (see N{anusóTiÉ 3).

kdoneten

As described in experiment 1, a pedometer was attached above the hock of a

hind-leg of each cow. An additional pedometer was held in place on the neck by

attachment to the side of a colla¡ fitted with a steel weight to prevent the colla¡ (and

pedometer) from rotating on the neck (Figure 6). A slip bucHe was used to secure the

colla¡. Pedometer numeric values were recorded twice daily at E:00h and 16:00h. Ieg

and neck pedometer daytime (8:@h - 16:00h) and overnight (16:00h - 8:00h) activity

values were calculated daily and used to generate da¡ime and overnight baseline mea¡rs.
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Corfinrution of Estnts

Blood sanrples were collected three times weeHy from all cows and were tested

for sen¡m progesterone levels using Targeto Hts (BioMetallics Inc., hinceton, NJ).

Transrectal ultrasonography of the ovades, as described for Exp.l, was perfonned th¡ee



times weeHy. Additional blood sarrples a¡d ulrasornd data werc talcen at esnrs (see

þfanuscript 3).

hperinentl-Year2

Animoß and Matugement

Sixteen multiparous Hereford-cross sucHed colvs, between 25 and 57 days post-

partum' were used in the study. During the lvlarch-May breeding season in 1993, cows

were loose-housed in g¡oups of 10 (cows nursing one calf) and six (cows nursing two

calves). lvlanagement was similar to Exp.l (Yr.l), except grain feeding took place once

daily in the AM. As part of anotlrer study, all cows on test were fitted with

¡adiotelemeníc vaginal nansmitters Gvfanuscript 1). Visual observations for estnrs

(standing es'tn¡s, mounting activity, vaginal discharge) were made daily for 20 min/l

from 4:00h to 8:00h and casually from 8:00h to 16:00h. In April, breeding using AI was

based on results of vaginal temperature d¡ta, pedometer data, and/or visual

observations of eSrus.
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kdotncten

Pedometers, as previously described, were attached to a hindJeg and neck of each

cow. To improve attachment to the nech the buckles on the neck collars were changed



from slip bucHes used in Flrp.2 to sanda¡d belt+1"e bucHes. Iæg and neck pedometer

daytine (8:00h - 16:00h) and overnight (16:00h - t:00h) activity values we¡e calculated

daily and used to generate daytime and ovemight baseline nreans. During this study,

pedometen we¡e used ûo detect e$n¡s for the ptupoñe of timing of 4.I.. Based on the

results of Exp. I (Yr. 1) and Redden et at (1993), the criteria used to indicate estrus were

a 1.5 fold increase in activity over a 5 day baseline. If these c¡iteria were exceeded at

the AM pedometer reading, AI was perfomred in the PM of the same day. If the

pedometer detected estn¡s was noted during the PM reading, AI was perfomred the

following day.

Corfimation of Estrus

Blood samples were taken twice weekly for radioimrrunoassay of serum

progesterone using CoaþA€ounto kits @iagnosic Froducts Cotp., Ios Angles, CA).

Transectal uluasonography of the ovaries, as described previously, was performed once

weekly.

52

Calculatiotu and Stntistics

Assess¡nent of the effectiveness of pedometers in the detection of estrus for all

experiments was based on examination of various criteri4 post hoc. The criteria



examined included variable lengths of baseline (2, 5,10, and 15 d) and the fold

increase in activity relative to baseline activity (1.5, 2.0, 2.5,3.0).

Measr¡res of the detection of estn¡s using pedometers were calculated for each

set of criteria using the following definitioru and fomrulae:

TE+otal nunber of P4 and/or ulhasonography confimred estrous periods

DE=total number of pedometer detected est¡ous periods (increases in pedometer values
conesponding with confinned estrous periods)

FP=total number of false positive readings (increases in pedomete¡ values not
conesponding with confimred esrous periods)

DS=pedometer detection sensitivity as a percentage @E/IE*100)

DC=pedometer detections which were conect as a percentage ((DE/(DE+FP)*100)

p¡=¡ndometer detection accuacy as a percentage ((DEfIE+FP)*100)

Giteria strcwing the highes DA (which accounts for both DS and the number

of FP) within each experiment and pedometer position were used for all further

analysis. Only estrous periods with >15 days basetine were used in data analysis such

that the incidence of FP could be adequately assessed. To reduce the incidence of Fp,

a correction was imposed which discounted an increase in activity if it occu¡red less

than 15 days after an increase of greater magnitude (15 day correction). When the

pedometer values met the criteria for two readings within 24h of each other, both

were co¡rsidered part of the sa¡ne estrus or false ¡rcsitive.
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Paired t-tests were r¡sed to compare pedometer measüed activity on astnrs days

to that of non+srus days, within each experiment. Statistic.s were perfomred using

SAS ve¡sion 5.16 (1986).

fudomcter Fl¿ttction and Testing

Incidence of pedometer loss and malñ¡nction for each experiment and pedometer

position a¡e shown in Table 2. Pedometer detachment and malftnction occrured more

frequently for leg pedometers in Exp. 1 than in Exp. 2. Pedometers attached to the neck

had a lower incidence of malfunction and, afrer changing the buckle in Exp.2 (Yr. 2),

showed a much reduced occrurence of detachment compared to leg pedometers. In a

preliminary hial, pedometers placed on the leg or neck were tested by walking cows a

$andard distance with 3 replications. Pedometer numeric values were recorded after each

replication. Pedometers on the leg and neck were found to register simila¡ values when

tested in this uranner. Overall, pedometers were found to have a within pedometer

coefficient of va¡iation (CV) of ll.t% and a between pedometer C{ of 20%. Activity,

progesterone, and ultasound results for cow X43 betrveen U anÃ 107 days postpartum

a¡e slpwn in graphical fomr in Figure 7" Increases in leg-measured activity exceeding

criteria were observú 52,73, and 94 days posû-parhrûr The days of increased activity

were within periods in which the occurrence of ovulation was confi¡med by P4

Regllts
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concenüations and ultasound results.

Deæction SÄstrus

Wrimcntl-YearI

Pedometer data were available for 16 estrous pedds in eight cows. Results

for all criteria are given in Appendix tr (fables la and 1b). Overall, DS and DA were

low for mo$ criteri^a tesúed. The accuracy of detection remained relatively constant

among the 1.5, 2.0 and 2.5 fold increases. Although there were no drarntic

differences, the set of criteria with the highes DA Q7.8%) was a 1.5 fold increase and

either a 10 or 15 day baseline, using the 15 day correction Þetection sensitivity and

DC for this set of criteria was 62.5% and 33.3%, reslnctively. Visual observations

detected 11 of the 16 esrous periods with one fatse positive @S=6E.8%,DC=9I.7%,

DA=64.1%) (Table 4). The difference in activity betrveen all eçrus and non-estrus

pedometer readings was significant O<.05) (Table 3). MeanrSD estn¡s and baseline

activity valuqs werc 2758*1864 and 11671778, respectively (Table 3). Forty percent

of the e,s¡ous perids were fi¡st detected during the da¡ime period md 60% during

the overnight peÌid. The percentage of esrous perids in which there were multiple

consecutive indications of estn¡s by the leg pedometer for the magnitudes of increase

of 1.5, 2.0,2.5, and 3.0 fold were 70,25,14.3, and 0, reqrectively (table 5).
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hprinent 2

Iæg and neckpedometer results were ar¡ailable for 14 estrous pedods in 10 cows.

Resr¡lts for all criteria tesd are given in Appendix tr, Tables ?a and 2b for leg

pedometers, and Tables 3a and 3b for neck pedometers. Detection sensitivity for leg

pedometers was 100% for all but tluee crite¡ia testd. Overall, there was a relatively low

incidence of FP for both leg and neck pedometers, when the 15 day correction was

employed. Highe.st DA (82.496) for leg pedometers was achieved using a 2.5 fold

increase and a 15 day baseline, and using the 15 day correction. Detection sensitivity and

DC for the.se criteria were 100% and82.4%, r,aspectively (fable 4). Criteria yielding the

higha* DA Q6.5f6) for neck pedometers werc a 2.0 fold increase and a 10 day baseline,

with the 15 day conection. Detection sensitivþ and DC for these criteria werc 92.9% and

El.3%,respectively Cfable 4). The difference between estrus and non+stn¡s readings for

both leg and neck pedometers was found to be higlrty significant (p<0.01) (Table 3). The

majority of estrus periods we¡e first detected during the overnight period (87.5% for leg

pedometers and78.6% for neck pedometers). The percentage of esúrous periods in which

there were multiple consecutive indications of e.*n¡s by the leg pedometer for the

magnitudes of increase of 1.5,2.0,2.5, and 3.0 fold were 57.L,28.6, 14.3, and 15.4,

respectively (Table 5).
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WrinewI-Year2

Data was available for 28 and 30 e,$¡or¡s perids for leg and neck pedometers,

respectively. Results for all criteria are given in Appendix II, Tables 4a and 4b for leg

pedometers and Tables 5a and 5b, for neck pedonreters. Overall, results of criteria tested

for leg pedoneters stpwed high DS, whereas DS for neck pedometers \yas relatively low.

As with the leg pedometers in Exp. 1 (Yr. 1), emplo¡nnent of the 15 day correction not

only greatly decreased the number of FP for neck pedometers, but also decreased the

number of estrous perids detected. Giteria yielding the highest DA (69.4%) for leg

pedometers was a 2.0 fold incre¿se in activity above a 10 day baseline, with the 15 day

correction. Detection sensitivity and DC for these criteria werc 89.3% and 75.8%,

respectively (Table 4). Chiteria giving the highesû DA (41.1%) for neck pedometers was

a 1.5 fold inc¡ease over a 15 day baseline. Detection sensitivity and DC for this criteria

rr.e¡e 76.7% and 46.9%, respectively (Table 4). The difference in qstrus vs all non€strus

readings for neck and leg pedometers was significant þ<0.01) (Table 3). Of estn¡s

perids detected by leg pedometers, equal numbers were fi¡st detected in the da¡ime and

in the overnight periods. Neck pedometer detected estrous periods occurred first during

the daytime period 43.5% of the time and 56.5% of the time during the overnight period.

The percentage of estrous perids in which there were multiple consecutive indications

of esn¡s by the leg pedometer for the magnitudes of increase of 1..5, 2.0,2.5,and 3.0 fold

was 84.6, 56.0, 28.6, and 5.9, respeÆtiyely Cfable 5).
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lventy-four artificial hseminations were ¡rrfornred on the 16 cows during the

study after either visual, vaginal tem¡rerature, or pedometer detection of esü'r¡s. Standing

estn¡s and/or a high incidence of mounting activity were observed prior to orúy 42%

(l0l24) of the insemhations (fable 6). On six occasions, a very low incidence of

mounting activity was observd (1-5 mounts) prior to AI, ur¿ on eight occasions no

visual indicatíons of estrus we¡e detected by routine visual observations. Le,gpedometers

detected lffi% (10/10) of the esÉrous periods for which there was a hígh visual indication

of e$rus, 83% (516) of the e$rous perids for which there was a low visual indication of

e.strus, and 75% (6/8) es¡ous periods for which there was no visual indication of estn¡s.

TVelve of the 24 furseminations resulted in pregrrancy (Table 6).

The present study is the first to exanine the feasibility and effectiveness of the use

of pedometers for the detection of esnrs in b€ef cows. Manually read pedometers have

previously been modified for attachment to the hind-leg of the dairy cow below (Kiddy

1977) and above (Redden et a1.,1993) the hock In these studies pedometer detachment

from the leg and elecüonic malfr¡nction were not conside¡ed to be significant problems.

Willia¡ns et al. (1981), however, re¡nrted a high ¡ate of pedometer loss and malñmction

in dairy cows. In the present sdy, frequency of leg pedometer loss was not unifonn for

all cows and tended be high for specific cows. This may have been due to leg

confomration and/or particular behaviou¡ patterns of these individuals and/or their calves.

58

Discussion



Pr¡lting and chewing of the leg strapo by calves was nded on seve¡al occasions and may

have resulted in the higher occur€nce of pedomele¡ loos for cows in Exp. 1 compared to

F,x;p. 2 Cfable 2). The modiñcation of neck colla¡s in Exp. I (Yr. 2) gle:rtly decreased

the incidence of neck pedometer loss in comparison to Exp. 2. Electronic problems

occu¡red mainly with the pedometer model Digi-Walker-L, which had not been used

previously for cattle.

Pedomete¡s placed on the neck did not detect estrus as well as leg pedometers

within Exp. 2 and Exp. I (Yr. 2). Favero et al. (19E4) also found placement of

pedometers on legs was superior to placement on the neck for detection of estrus. In the

present ffidy, however, neck pedometers in both E"rp. 2 and Exp. I (Yr.2) were superior,

based on DA, to leg pedometers in Exp. 1 CYr. 1), and neck pedometers in Exp. 2 were

slightly better than leg pedometers in E*p. I (Yr. 2). Therefore, neck pedometers rnay

be of some r¡se especially given the very low incidence of neck pedometer loss in Exp.

1 (Yr.2) with the modified buckles. Low occur¡ence of pedometer loss is patticularly

desi¡able for beef animals, where minimal handling of the cows occurs on a daily basis.

Also, neck pedometers were in a better position on the colv to be read easily and safely.

They remained cleaner and drier than leg pedometers , which also made them easier to

read and perhaps less prone to danrage. Fr¡rther work with neck pedometers is nec€,ssary

to demonst¡ate their effectiveness under different management syserns.

The present experiments slrowed varying levels of effectiveness for pedometers

as aids in detecting estnrs. Although the management in Exp. 1 was identical berween

years, leg pedometer results obtained in Yr. 2 werc superior to those of Yr. I (Appendix
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tr, Tables la,b and zeb). the r¡se of the 15 day cor¡ection in Exp. I (Yr. 1) decreased

the number of FP but also resulted in a substantial decline in the nunrber of esrous

periods detected, particularly when using a criterion of 1.5 fold inqease in activity. This

effect was not seen to the sa¡¡re degree in Exp. I (Yr. 2). This indicates that the

magnitudes of leg pedomeær FP and the estn¡al increases in activity were closer than for

leg pedometers in Exp.l (Yr. 1), compared to Exp. 1 (yr. 2). Poor results in Yr. 1,

therefore, may have been due to unexplained variations in baseline values. Little

difference, however, can be seen in the leg pedometer SD between the two years. The

difference between esrus and non+strus readings for Exp.l (Yr. 1) was found to be

significant (p<0.05), but nd hielrty significant Gr<0.01) as in Exp. 2 and in Exp. 1 (Yr.2)

(Iable 3). Thus, it appears likely that poor detection in Yr. I was mainly due to a

relatively wide va¡iation in magnitude of eSrual peåtc.

Excellent DS and DA were obtained in Exp. 2 for both leg and neck pedometers.

F;p.2 was unique in tl¡at dry cows as opposed to suckled cows were used. Non-sucHed

cows may slrow sronger behavior¡ral e$¡ous periods sooner after parturition in

comparison to sucHed cows. Suckling is known to cause inhibition of pulsatile release

of LH and to car¡se an increase in the length of post-partum anestn¡s in beef cows

@eviewed by Slilliams 1990). As well, the presence of calves in Exp. I may have led

to gteater va¡iation in the day{oday activity of the cows. A very obvious exanrple of

this was the large increase in activity seen for all cows, upon the removal of the calves

fo¡ an overnight petiod fo¡ a milk yield tes. Similar increases due to calf activity may
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have occr¡rred at ra¡rdom intervals causing disn¡ptions in the baseline, which would malce

the identification e$rual peåIcs in activity more difficult.

Ilre relatíve impoúance of detecting the maximr¡¡n number of est¡ous periods

possible a¡d of obtai¡ti¡ry a low number of FP will be reflected in the t¡pe of criteria

chosen for individual sitr¡ations. In the pñesent experiments, criteria we¡e chosen based

on the goal of achieving high overall accuracy, which take.s into account both the number

of estrous periods detected and the occrulence of FP. Consistent changes in DS, DC, and

DA a¡e seen in all experiments when ce¡tain aspects of the criteria are changed. For

exarnple, implementation of the 15 day correction was highly effective in decreasing the

number of FP, particularly at lower required fold inc¡eases in activity (1.5 and 2.0),

without a large negative impact on DS.

fire length of the baseline (days) did not have a large effect on overall accr¡¡acy

of detection (Appendix tr). Generally, however, a baseline of at least 10 days appears

to be optinal. Interastingly, a 2 day baseline appears to give the greatest number of FP

readings. firis may be relevant to those using the Heat-Seekero activity tag system which

does calculations based on a t$,o day baseline and for which the incidence of FP is high

(Lui and Spahr, 1993, Kennedy and krgalls, 1995).

In the present experimentg theslplds of 1.5, 2.0, or 2.5 were found to give the

optimal DA. A th¡eshold of between 1.5 and 2.5 has been used in many of the studies

involving dairy cows under va¡ious management systems and using different pedometers

@ennington et a1.,1986, Pulvemracher and Maaje, 1991, Redden et a1.,1993). Therefore,
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the a¡nount that activity increases at estn¡s musfi be fairly consisÉent among cows. The

efficiency of pedometers in va¡ior¡s situations, therefore, may relate more to the

consistency of baseline values ¡ather than the magnitude of the increase in activity at

estrus.

One effect of manipulating the th¡eshold s¡as a change in the occurence of the

number of esrous perids with multiple consecutive indications of estrus by the

pedometer. Multiple consecutive indications of e$rus occurred at a greatet incidence

when a low th¡eshold was used. The decrease in the multiple consecutive indications of

estrus was most dra¡natic when the th¡e.strold was increased from 1.5 to 2.0 (Table 5).

The question of when to AI relative to the time of the pedometer indication of estrus is

complicated by these multiple consecutive indications. Tlre ínitial rise in pedometer

measured activity may be associated s'ith estrus activity which occurs before standing

estrus (ie. attempts to repel premature mounting and/or an increase in initiating activities

towards other cows). As AI would nomrally oc€ru based on the first reading exceeding

criteria, pre-mature insemination could therefore result from having a low threshold. A

deiailed sudy of the sequence of behavioru and the timing of owlation relative to

pedometer measured activity would be benefrcial.

During Exp. I (Yr. 2), 24 breedings using AI were perfomred based on pedometer

resulæ and/or visual observations of e$rus behaviour. Based on the ¡esults of Exp.l (Yr.

1) and of Redden et al.(1993), detection criteria of a 1.5 fold increase in activity above

a 5 day baseline were applied to the pedometer data during Exp. 1 (Yr. 2), to identify

esrual peal$ in activity. Ori only 10 occasions was there a high confidence in the
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occurrence of esrus by viual means Clable 6). Pedometers detected atl 10 of these

esEous periods. On fourteen occasions, there were eithe¡ no obvious visual signs of

esrus o¡ a low incidence of mounting activity (1-5 mounts). Eleven of these 14 estrous

periods were detected using leg pedometers. Seven of these eleven (en inseminations

resulted in pregrrancy, indicating the potential of pedonreten for increasing breeding

opportunities whichwould not have occuned whenusing visual observations alone (Table

6). However, the high occunenc€ of pedometer FP the criteria of a 1.5 fold increase in

activity above a 5 day baseline caused difficulties in making breeding decisions based on

pedometers alone. Relying completely on pedometers would have resulted in a large

number of breedings on non+sn¡s days, which would have wasted time in handling cows

unnecessa¡ily and caused an increase in AI co$/conception. tlad qiteria of a 2.0 fold

increase above a 10 day baseline, and the 15 day corection, been used to identify estrual

activity peals during the experimenÇ difficultie.s would have been geatly reduced as these

criteria yielded only eight FP. Because of va¡iability in sensitivity of pedometers among

sfudies, even when cows were housed rurder simila¡ management systems, the

implementation of some fomr of visr¡al observations may be advisable. The advantages

of using both t¡pes of detection has been noted in previous sfudies. Williams et al.

(1981) noted that combined use of pedometers and visual methods would yield a l0%

increase over the nr¡¡nber of eshous periods detected by pedometers alone, and fewer FP

than by using pedometers alone. As noted by Jol*rio (1994), pedometer indications of

estrus can be used to draw attention to cows showing limited signs of estrus. Therefore,

pedometers may be used to single out cows which have a high potential of being in
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esrus, without the added time experditure of routine vistul detection of all cows. Tlre

choice of whether to use a combination of meflrods or to rely solely on one method would

depend on management constraints and the importance of a low nrunber of services per

conception (time available for detection program vs semen coss).

If using pedometers as the sole means of detecting es*n¡s, the results from the

present studies sugge$s that criteria of a 2.0 fold increase in activity above a 10 day

baseline, and the 15 day correction would yield good results under most conditions, and

might be considered as standard criteria Differences in rcsults amoung sets of criteria

which optimize DA and $andald criteda for each experiment a¡e slrown in Table 3. No

dramatic differences in results are seen between the two sets of criteria It is suggested,

therefore, that these standard criteria may be used with optimum or close to optimum

¡esults when pedometers are used as the sole means of detecting estrus in situations with

management simita¡ to the prasent studies.

Overall, pedometers were found to greatly increase the awa¡eness of the

occunenc€ of esÉrous periods which would otlrerwise have been missed by routine

observations for behaviou¡. Based on the results of the present sdy, pedometers have

the ptential to be an effective method of detecting estrus in beef cows.

æ







P
a
d
oì
a
I
I

ñ
I
I
¡
i
o

o

r t.(

s

I

-+- L.¡

f

4¡ lE 1ô 4? at le 60 6f
O¡y¡ Fo.t-Þ.rtur

.la.¡ Cl (iþhl hrrl

ô

P

dG

ir
a
I
ut
n
I
t2
a

I
o1
o
o

A
\

000
a

gon
c

ñ
300 |

?
a
d
o

I
a

c
ñ
I
t
¡
I
o
0
o

o

I
a
I

u
ñ
I
I¡
t
o
o
0

66 0ö 07 6ô ôo 70
Oaya Poat-Paalúñ

.t!ñr cL (þll onrr)

6r t2 63 6¡ ô6 õ6 6t 66
D.y. h.t-P¡atuñ

'c.4.llbh (hlohl Ov.rrl

P
a
d

h
a
I
a

;

,^

* 
l..o ....o 
j.rrro4.l

ft

* ¡..r t.¿l t- b.t.a
t ¡r I o Þ¡ roo"ir.n

t

P
a
d
o
n
a
I

J

I
I

o
o
o

tôÀfæ60æ
Ory. Forl-Prrts.

.th. CL llhht frrr,

,2 tg ,1 t6 tô tf ,6 7e

0¡y¡ Foll-P.rtum
.q/C.{folllol. (t.lr oy.rt)r h¡lltolll.l.. {Alaìl d.fr,

æoP
4

{¡o :

3.OO I,/
V
I

6ô 6e 60 6t 02 ôt 64 ô6,
OaÍr Port+Ûluñ

.r5.. cL (1.fl k.rl

ct 92

.hll tollbl.. (¡loìl .ña l.lr Onrl..l .¡r.¡ q (itaìt hrt

Figure 7 - Activity, p¡ogesterone, and ultrasound data for cow X43 from days 44 to 107 3
Post-parh¡m. Estn¡s related peåks in @ometer meåsured activity occurred on days 52,73,
and 94. Artificiat insemination occured on davs 73 and 94,

@oP
1

'oi
qlo I

6

1

2

t

JO
03

?

d

t
l

n
I
I
a

I
o
o
o

t

o

.1
4^

O' ' ' ' ' ' ' . 'O Or | 
' 

| | | ¡ 
' r rO

tst.a I

es e{ c6 cô It S ee ffi Éo lot rol ss s{ ts þ6 þt
D¡ya Foat+rrtùñ O¡F poat+rrlu

f

te ro ôl ô2 C! A1 t6 ô6
D¡y. Poal+.tl!ñ

.!!il ct lihàt hrrl

^
/\

n*-1
^þ

PI

q

I

?
a
d
o

¡
I
a
I

â
I
I
a

i
0
o
o

ry

6p0 P
1

{ro I

3r0 |

lr

+ trl

f

?.¿

I

-1

r+

t utk.

J-

1 I

0r0

7ó0

Ë

@0

t60

P
1

¡

r¡o



68

Table 2 - Total and average per cos' occr¡rr€nce of pedometer loss and nalfunction

Experiment Position
I-oss

Total Average
Malfunctron

Total Average

1 (Yr.l)

2

1 (Yr.2)

2

1 (Yr.2)

I,eg

l*g

Le'g

Neck

Neck

3.0

1.5

3.5

1.9

0.1

2.1

0.9

2.4

0.4

1.3

24

15

56

19

I

t7

9

38

4

20

Table 3- MeanrSD for all estrus and non-estrus readings and mean*SE of difference
between estrus and non+strus readings for each experiment and pedometer lnsition.

Exp. Position
Estn¡s

mean SD
Non€.strus
ûlean SD

Difference"
mean SE

1 (Yr.l) I.e,g

2 I*g

1 (Yr.2) I.eg

2 Neck

1 (Yr.2) Neck

2758 1864

4900 2100

3277 1490

6431 3ffi7

3733 1826

LL67 778

1032 &7

1084 656

1763 t2r3

2312 1483

'2356 727

"3935 552
*2337 

246

"'493L 929

"L721 2L7

Ðifference between e.srus and non-€strus readings were calculated using paired t-tests.
* Significant difference (p<0.05) in estrus and non-estnrs readings within experiment
**Highly significant difference (p<0.01) in estrus and non+sbus readings within

experiment
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Table 4 - Detection ser¡sitivity (DS)', detections which were correct (DC)", and detection

accr¡racy (DA)' fo¡ criteria yielding highes detection accuracy, sandard criteriab and

visual observatior¡f for all experiments and pedomerer positions.

Experiment Position Giteriad DS(%) Dc(%) DA(%)

2

I (Yr.l) I,e,g

l*'g

I (Yr.2) Leg'

2

1 (Yr.2)

Neclf

Neck

1.5:15

2.0:10

Visual

2.5:15

2.0:10

Visual

2.0:10

Visual

2.0:10

Visual

1.5:15

2.0:10

Vi$¡al

62.5

50.0

68.8

100.0

100.0

NA

89.3

39.3

92.9

NA

76.7

53.3

36.7

33.3

29.6

9r.7

82.4

66.7

NA

75.8

100.00

81.3

NA

46.9

55.2

100.0

27.8

22.9

64.7

82.4

66.7

NA

69.4

39.3

74.5

NA

4L.L

37.2

36.7

'See Materials and Metlrods for definitions of temn
b Standa¡d criteria=2.0 threshold, a 10 day baseline and 15 day correction

" Standing e$rus and/or high frequency of mounting activity
d Gitería=Magnitude of actívity increase:days of baseline and 15 day conection

" Giteria yielding tlre highes DA was saridard criteria
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Table 5 - Percentage of estrous perids detected withleg pedometers where criteria were

met for mo¡e than one consecutive pedometer reading. Results for all thresholds tested

are given (10 day baseline).

Exp. 1.5 2.0 2.5 3.0

1 (Yr.l) 70.0 25.0 14.3 0

2 57.r 28.6 14.3 15.4

1 (Yr. 2) 84.6 56.0 28.6 5.9

Table 6 - rype of visual indication of e.çn¡s observed prior to each of the 24 breedings

by AI in Exp.l (Yr. 2), and the number of breedings showing each type of visual

indication which were detected by leg pedometers and which resulted in pregnancy.

Visual lndication Number of DetÊcted by

of Estn¡s Breedings by AI Leg Pedometer Pregnancy

High hdication"

L.ow Indicationb

No Indication"

10

6

I

10

5

6

4

5

3

ostanding estrus and/or high incidence of mounting activity
b[.ow incidence of mounting activity (1-5 mounts)

"No visual signs of esrus seen druing routine observatíons
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Ab6tncú

Pedometers have been for¡rd to be effective in detecting esúrus in cattle. However,

the inter,val from the detection of the indication of estn¡s activity by the pedometer (DEP)

to ovuliation has nc been esablished. TVelve loose-housed, unsuckled beef cows,

between 3 and 14 days posÉparhrnr, were fitted withpedometers secured to a hind-leg and

neck for between 28 and 52 days. Pedometers were read twice daily at 8:00h and 16:00h.

To monitor ova¡ian sahls, sen¡m P4 levels were approximated using Targeto kits and

ultasound sca¡rs of the ovaries were made 3 times weekly. At the DEP, or when

behavior¡¡al estrus was noted, blood saurples and ulnasound scans we¡e made at 4h

intervals between 7:00h and 23:00h until owlation was confimred by ulnasound scanning

(disappearance of the dominant follicle). Blood sarrples taken during the estn¡al period

were analysed for sen¡m luteinizing homrone (LÐ and estradiol-l7p (82). The DEP

occu¡red before ovuliation in all 16 of the e$rous periods sfudied. Time from the DEP to

ovulation was found to be 12r6h with a ra¡rge of 5 to 25h. Time from the DEP to the

peak in LH and E2 were found to be 1*4h and 6r6lU respectively. Resutts from this

sfudy indicate there is sufticient tims after the DEP for effective AI, when pedometers

a¡e read twice daily.
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Int¡nduction

Pedometers have been slrown to k effective aids for detecting esrtrus in dairy

(Kiddy,1977 and Redden et aL,1993) and b€ef (Manuscritr 2) cows. However, the correct

timing of artificial insemination (AÐ relative to the detection of the indication of estrus

activity by the pedometer (DEP) has nC been esablislred. Lfaximum conception rates

have been obtained when cows were bred between midestnrs and the end of standing

astrus, with good ¡e-sults up to 6h after estrus. On average, behavioural estrus begins

approximately 30h and ends 12h before ovulation @eviewed in Salisbury,l978 and

Foote,1975). lncreases in pedometer readings have been shown to correspond with

behaviou¡al estrus in dairy cows @ennington et al., 1986). However, the temporal

relationship between owlation üd DEP has not been directly measured. Infomntion

concerning the relationstrip between the DEP and physiological events, such as ovulation

and the luteinizing homrone (LH) sruge, which usualty occurs 24h precæding ovulation,

would provide a basis for the timing of insemination relative to the DEP.

The obþtives of the present study were to provide basic infomntion on the

timing of the DEP relative to ovulatio& when pedometers a¡e read twice daily, and to

exa¡nine LH and esradiol-l?p (E2) levels during the time interval from the DEP until

ovul,ation.
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l}lateriats and Methods

Animols and Marcgeruet

Seven multiparous and ñve primiparous Hereford-c¡oss beef cows wete used as

experimental animals. Cows werB loose-housed in an indoor Wî Q4 m X 4.5 m), with

aocess to an outside yard (6 m X 6 m). Cows were given hay and water ad libitum and

0.5 kg barley daily. Eleven cows had calved just prior to the beginning of the experiment

and one cow had been open and cycling nomrally. Calves were removed within 24 hours

of parturition as part of an experiment unrelated to this Sudy. Data was collected between

Ianuary 20 to lvlarch 17,1993. The time on test varied among cows from 28 to 52 days,

depending on calving date.s.

kd.otncten

As described in lvlanuscript 2, pedometers were attached to the neck and leg of

each cow. Activity monitoring began between 3 and 14 days post-partum. Pedometers

were read manually at 8:00h and 16:00h daily. Activity for the previous time period was

calculated im¡nediately after each reading.
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BIM Sanpling

Blood samples (20 rnl) were otÉained by jugular venipuncture from all cows th¡ee

times weeHy for sen¡n progesterone P4) measr¡rerrent. Additionally, blood sautples were

collected at estrus for detemrination of LH and E2 concentrations in sen¡m. The sartples

were collected at 4h intervals from 7:@h to 23:00h from the time of the detectíon of

estrus (by pedomeær and/or visual indications) until owlation. Serum was stored at -20" C

until analysis.

Ultrusouttd Scanning of tlæ Owries

A real-time ulrasound scanner (Pie-Medical 450, Sterne Medical Equipment,

Brarnpton, O¡rta¡io) and a 5.6 MI{z rectal probe were used for tran^srectal ultrasonogaphy

of the ovarie,s. Dia¡neters of corpora lutea and all visible follicles (>6mm) were measured

and recorded th¡ee times weekly throughout the est¡ous cycle. Duing estrus, the ovaries

were scanned at 4h intervals conesponding to the times for blood sarrple collection.

Ovulation was indicated by the disappearance of the dominant follicle @ajanatrcndran

et aL,1989). Time of ovulation was estimated to be the mid-point between the final two

ultasound scans (L¿¡ssoru 1987).
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Deæaion of El,trus

An esn¡s u¡as assr¡med to have occurred if pedomete¡ values indicated a 1.5 fold

increase in activity over a baseline of the previous 5 readings for the sa¡ne time period

(i.e. AM or PM readings). Frequent ulaasound scaffring and blood sarrpling were

initiated at the next 4h sarnpling perid afrer such an increase, if üí-weeHy scanning and

P4 values confïmred the possibility of estnrs (ie. presence of a pre-ovulatory follicle and

low proge$erone). Visual observations for Sanding heat were not made at regular

intervals. However, frequent scanning and blood sarpling were initiated if estrus

behaviour was noted, regardless of pedometer readings.

Esttot¿s Sytrchrcnization

Estus was synchronized in th¡ee cows by adminisfation of two, 2 ml (35 mg)

injections of the prostaglandin analogue, cloprostenol (Estrumateo) 10 days apart.

Synchronization facilitated and guarante€d the opportuníty for earlier blood sarpling for

these three cows. A subsequent natu¡al estrus was studied in two of these cows.

Honnonc Anatysß

Sera from hi-weeHy samples were deterurined to have either high, medium, or

low P4 values using Targeto kits (BioMetallics Inc., Princeton, NI). Serun collected at
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esÉrus was analyzed for LH and E2 using radioimrnrnoassay described by

Evans 
"t 

aI.(1992) and Joseph ú. al.(1992), respectívely. The sensitivities of the LH and

E2 assays were I ng/ml and 1 pg/ml, respectively. Inha-assay coefiñcients of va¡iations

werc 6% for the LH assay and tl* for the E2 assay.

Statistics

Basal LH and E2 values were deter¡nined by calculating the mean+standard

deviation (x+SD) of all values obtained from each cow. The mean for all samples with

values not exceeding x+SD was used as the basal homrone level (Schams et a1.,I977).

A homrone value that exceeded the basal homrone level by more than twice the SD of

the basal honnone level was considered part of the estrus related peak lhe end of the

homrone peak was defined as the las homrone value meeting this criterion. The effects

of esrus synchronizatíon and follicle number on the ovulation interval were tested using

Students t-tess. Statistics were perfomred using SAS version 5.16 (1986).

R€s¡lts

All pedometer and honnone values for individual cows are provided in graphical

fomr in Appendix Itr (Figures l-12). One cow (480), had an ulc.eration of the rectal wall

and was omitted from the ulnasound scanning routine. Another cow (Y9) did not exhibit
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a detectable esrus. The remaining 10 cows dþlayed nomnl fluctuations in sen¡m P4

values and ova¡ian fr¡nction A total of 16 estn¡s periods were studied in these cows.

Time of ovulation and the time of the end of the LII sruge in relation to the time

of the DEP fo¡ individual e.srous perids are presented in Figure 8. Ovulation occuned

subsequent to DEP for all 16 esrus periods sfudied. For¡rteen of the 16 eçrous periods

(87.5%) were detected at the AM pedometer reading with ovulation occuning from a

naximun of 7 ûo 23 hours subsequent to DEP. The two (L2.5%) PM detected estrous

perids occuned in one cow (U411), with ovulation occurring from a maximum of 15

to 23 hours after DEP. Mean+SD interval in hor¡rs from the DEP to ovulation are

presented in Table 7. Overall, DEP preceded ovulation by L2t6 houts, when the time of

ovulation was e$imated to be the mid-point between the final two ulnasound scans.

fire th¡ee synchronized cows had a significantly longer interval from DEP to

owlation than non-synchronized cows (p<0.05). All synchronized cows had more than

one large follicle. There was more than one large follicle (>10m¡n) on the ova¡ies of

seven cows at estrus. On average, cows with multiple follicles were found to have a

significaritly (p<0.05) longer interval from the DEP to ovulation than those cows with one

large follicle Cfable 7).

Ierteinizing hor¡none and E2 values a¡e included in Appendix III. Elevated

concenüations of LH and E2 in serum were detected fo¡ I and 7 of the estrous periods,

respectively (Frgure 8). The meanrSD time interval from the end of the homtone

increase to the DEP and to ovulation are given in Table 8. fire end of the LH and E2
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increases preceded DEP by 1 and 6 hours, respecrively and on¡lation by 16 and 20 hours,

respectively.

Additional pedometer results are reported in Appendix It Details of the.se ¡qsults

are discussed in Manuscrip 2.

Discussion

h att instances the DEP was found to occu¡ before ovuliation. This was expected

as increased pedometer readings have been found to occu¡ during behavioural estrus in

synchronized daþ cows (Perurington et a1.,1986) and behavioural eSrus precedes

owlation (Salisbury, 1978). Because the lifespan of cattle sperm is approximately 3G48h

and spemr requires approximately 6h afrer ejaculation to complete capacitation @azer et

a1.,1987), good conception rates can be achieved when AI is perfomred between 24 and

6h before ovulation (Salisbury,1978). In the p¡esent sdy, the time interval from the

DEP to ovulation ranged from 25 to 5h, with an average of 12t6h. Successful timing of

breeding, therefore, would be possible when using pedometers read twice daily. Results

of the present study suggesÉ that AI should tala place as soon as possible after DEP to

be within the recommended time pedd before owlatioru

In this Sdy, the majority of pedometer detected qstrous periods occu¡red

overnight and ovulatio¡r occr¡ned moú frequently 7-11h afrer the E:00h ¡rcdometer

reading, between 15:00h to 19:00h (Figrre 8). Similarly, Scltalns et al.(L977) found
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ovulation occr¡rred mainly arorurd the times of 12:00h and 20:00h. In the present ffidy,

therefore, onoe per day pedomerer readings (8:@h) would have been sufñcient to

successñrlly time AI for the ¡najority of the cow& However, otlrer studies have indicated

that there is no particutar time of the day when the occunence of estrus o¡ ovuliation is

greater (LarssorU 1987). Tlrerefore, inore @uent pedometer readings would be

recommended for optimizing conception rates.

Synchronization appeared to have an effect on the interval from estrus to

ornrlation. All synchronized cows plus one unEeated cow (491(1)) strowed visual signs

of esrus on the sanre evening. As the number of cows in eSn¡s tends to increase the

time that estrus behaviou¡ is slrown (Humik et aI.1975), the longer interval for these cows

may have been due to the effect of the nu¡nber of cows in eSn¡s. That is, esiln¡s may have

been initiated early in some of these cows due to the presence of other cows in estrus.

As well, in seven of the ovulations studid, more tl¡an one large follicle (>10tnm)

developed during estrus. In four of these cases there was a relatively long period berween

DEP and ovulation. I¿rsson (1987) found cows with two large follicles experienced a

longer interval between the onset of estn¡s and ovulation than díd cows with one large

follicle.

As the peak in senrm concenüations of LH occurs approximateþ coincident with

the onset of esl¡us behaviour (Schasrs et a1.,1977, Chenault et a1.,L974), many LH peaks

would have been missed in the present study where blood sarnpling usuatly commenced

on the basis of DEP. Ttre mean of 16r8h from the end of the LH peak to ovulation is in
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ag¡eeûrcnt with the interval of 19.5*6.4h derennined in dairy cows by Rajamahendran et

al.(19S9). The du¡ation of the LH peak is approximately 7 to t hours in dairy

(Rajarnalreridran et a1.,1989, Schams etaL,l977) and beef (Cluistenson et 41.,1975) cows.

Based on this informatioru it is predicted that the peak in LH would have occured, on

ave¡age, 24h before ovulation in the present study. In addítiorU DEP was found to occu¡

th after the end of the LH pealc firus the activity which caused the DEP would have

occurred during the time that the LH peak occurred. This is in agreement with the

accepted time intervals from the LH peak to the onset of estn¡s @ajarnahendran et

a1.,1989)andorrulation(SchanrsetaL,LgTT,ChenaultetaL,IgT4). However,eatlierblood

sampling would be needed to provide a more reliable indication of the time interval from

the peak in sen¡m homrone concentrations to the pedometer indication of estrus.

In the present study ovulation was shown to occur zubsequent to the DEP for all

estrous pedds sh¡died, with a mean interval of 12t6h. This indicates that optimal timing

of AI in b€ef cows is possible based on the ¡esults of pedometers read twice daily, and

that breeding should tala place at the time of DEP or within 6h of DEP.



82

v)

Fv)

z

U)

F(t)

F
Fz

uAltc2)

uÁIl(r)

A9r(2)

A9l(l)

A26(r)

A3rQ)

A3r(r)

x}(r)

AzL(2)

^2r(r)

223(r)

x77(21

277(2)

x77(rl

zÁ3(r)

zn$,

ru

ry

-

r

E

I

-I

I

I

ñ

-I

-I

EI

-J---ì 

---- | 

-. 

l-- f 

-.1-t6-12-840481216202428

HOUR FRO¡ú PEDOMETER INDICATIO¡- OF ESTRUS

Figure g - Time of orflatim (-) and úe time of úe eod of úe LH st¡rCe (Ð in relatim to tbc time of úe

detectim of úe indicatim of'estn¡s activity by the pedmeær (O hotr) fa nan¡ral and s¡nchrmi?rÅ $)
estrq¡s peri<r&.



83

Table ? - Interval between the derection of the indication of e$us activity by the

pedometer (DEP) and ovulation for alt estrous periods and for estrous perids preceded

by multiple or single follicles.

hterval(h)

SD

Multiple Follicles
(n=7)

Single Follicle (n=9)

Total (¡r-16)

16

t
L2

3

6

Table 8 - Interval from the end of pre-ovutatory homrone increases to the detection of the

indication of estrus activity by the pedoureter (DEP) and ovulation.

hterval(h)

DEP Ovulation

Mean SD Mean SD

LHt (n=8) 168
E2t (n=7) 6 6 20 I

basal levels.
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Gmmrr, Drsc¡¡ssrox

In the present sfudies, both pedometers and temperafure sensing radiotra¡rs¡nitters

were found to be effective aids for the detection of esrT¡s in beef cos's" Using

radiotmnsnitters to monitor vaginal temperature (IV), to identify a temperature increase

of 0.4"C for at leas tt¡ree hor¡¡s oyer & three day baseline, ¡qsulted in detection of 42 of

a totat of 47 e.strous perids (detection sensitivity (DS)=89.4%), with seven FP (detection

aocuracy (DA)=77.E%). Use of visual for estrus yielded a DS of 53.2% and

a DA of 52.296. Five of the seven FP in TV occurred in one cow (W111). Otnitting this

cow from the re.sults yielded a DA of E7.2% for the remaining 23 cows in the study. The

mean maximum TV increase at e.Ín¡s was 0.91"C. This was higher than the Tv increase

found in dary cows using the same telemetry system (Redden et a1.,1993). Loose-

housing of cows in the present study may have contributed to the large change in TV

observed during e$rus.

As well as the drar¡atic change in Tv at estrus, an additional temp€rature pattem

occuned throughout the estous cycle. As found by Redden et al.(1993), there rvas a

decline in Tv during the 3.4 days prior to e$rus. In the present Sdy, there was also a

slight increase in Tv noted during the mid-point of the cycle. I-ewis and Newman (1984),

on the basis of TV readings taken manually once daily, also nCed a decline in temperature

prior to qsrus and a gndual increase in temperature towa¡ds the middle of the cycle.

Progeserone (P4) has been found to have a themrogenic effect in other species (Czaja
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and Buterq 1986). Tlrerefore, flucfi¡ations in TV observed during the esrous cycle in

cows may be due to changes in P4 concentrations.

Previous studies have indicated that the increase in body temperature at estrus in

cows is temporally related to the prc-ovulatory surge in LH (Rajastahendran et aL,19E9,

Mosher et a1.,1990), and evidence in other species indicates that the $rge in LH and the

change in body temperafure may be physiologically linked (Berglund and Simpkins,

1988). As the interval between the LH sruge and ovulation has been found to be

relatively con$ant among cows (Schanrs et a1.t977, Chenault et a1.,1974), continuous

measurement of Tv may be used to improve concepionrates by identification of the ideal

time for AI.

Tlre effectiveness of pedometers to detect estn¡s va¡ied. I¡t E*p. 2, using

r¡r¡suckled cows, excellent results were otnained. Using criteria of 2.5 fold increase in

activity above a 15 day baseline, and the 15 day conection, a DS of 10070 was obtained

and only three FP we¡e found for leg pedometers @A=82.4%). Physiological and

behaviou¡al differcnces due to the absence of calves may have contibuted to the results

observed in this experiment. Although management was simila¡ in Yr. 1 and Yr. 2 of

Exp. 1, a larye variation in ¡qsults was noted. In Yr. 1, using criteria of a 1.5 fold

increase in activity above a 15 day baseline, and the 15 day conectior¡ a DS of 62.5%

and a DA of 27.8% were found for leg pedometers. For leg pedometers in Yr. 2, a DS

of E9.3% and a DA of 69.4% were ohained using a 2.0 fold increase in activity above

a 10 day baseline, and the 15 day conection Reasons for the discrepancies in the results
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of the two years a¡e unloowrL Tlro difference between esÍn¡s and non+.strus readings in

Yr.l was not as great as the difference in these values in Yr. 2. Poor ¡qsults in Yr. 1,

therefore, may have been due to a more mode¡ate increase in activity at estr¡¡s. Visual

DS for Yr. I was 68.t% with a DA of 64.7% (1 FP). In Yr. 2 a visnl DS and DA of

39.3% was fourd (0 FP).

From the pedometer results of the present experiments, criteria of 2.0 fold increase

in activity above a 10 day baseline, and the 15 day correction, could be used as standard

criteria for cows rnder similar management. During Exp.l (Yr.2), using criteria of a 1.5

fold increase in activity above a five day baseline, and the 15 day correction, and with

the aid of visual detection methods, a high DS was ohained and no breedings by AI

occurred outside of the P4 and ulrasound confimred esrus perids. Use of ståndard

criteria in this experiment would have yielded a DS of 89.3% and only eight FP. Using

these criteria, pedometers alone could have been used to detect estn¡s in this instance.

In Manusc¡ipt 3, the detection of the indication of e.*n¡s by the pedometer (DEP)

was found to occur before ovulation in all insance.s. An average time interval of 12*6h

with a range of 25 to 5h between the DEP and ovulation was found. This indicates that

there is sufficient time between DEP and ovulation to allow for optimal timing of AI

when pedometers a¡e read twice daily.

In the present sfudy, both pedometers and temperature üa¡rsrritters were more

sensitive for detecting estrus than were visual observations alone. In Yr. 2, a DS (%) of

89.4 and 89.3 and a DA (%) of 77.8 aîd 69.4 werc forurd fo¡ Tv and activity data,
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respectively. Use of TV, however, strowed søre advantages over pedometers. Vaginal

temperature rcsults s'ere yery consistent for bCh years of the study. The criteria which

oSimized DA was the sane for each year furdividually and for both years combined.

Although management was similar, va¡iation in results and qiteria which optimized DA

were found between Yr. 1 and Yr. 2 for pedometers in Exp. 1" Overall, the¡e was a much

lower incidence of FP for temperature trar¡s¡nitters compared to pedometers, before the

15 day corection was applied to pedometer data Because of the very low incidence of

FP with temperatwe Eans¡nitters the use of the 15 day corection was not necessary,

which aids in simpltfying the Tv criteria As well, there was a much lower incidence of

radiotrans¡nitter loss and daily maintenance requi¡ed for temperatwe transuriffers was low

compared to pedometers.

Although the temperature transûritters proved to be an easier method of detecting

estrus in this sdy, pedometers show a geat deal of promise, as indicated by the results

of experiments 2 anÃ 3. Pedometers used in these $udies a¡e a much less expensive

option for defecting e$rus compared to the radiotelemeny system used for temperature

monitoring. As well, although no negative effects on cow health or fertility were obsen¡ed

while using the vaginal anchors and temperature na¡rsuritters in this Sdy, the long ternr

effects have not been examined.
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Coxcr¡¡go¡ts

1. Continuous measurement of vaginal temperature using radionans¡nitters was found to

be a sensitive and accurate mettrod of defe*ing esrus in loose-housed beef cows. For

Yr. 1 and Yt.2,a combined dgection sersitivity (DS) of 89.6% and a detection accuracy

(DA) of 77.896 were ohained using criteria of a 0.4" C increase in temperature for at least

three hours over a three day baseline.

2. Overall, twice daily measurement of activity using pedometers \r'as an effective

method of detecting esrus in beef cows. Iæg pedometers had a DS (%) of 62.5,89.3,

and 100.0 and a DA (%) of 27.8,82.4, and 69.4 for experiments L2, and 3, respectively.

Neck pedometers had a DS (%) of 92"9, and 76.7 and a DA (%) of 76.5 and 41.1 for

experiments 2 and 3, respectively.

3. Standard criteria of a 2.0 fold increase in activity above a 10 day baseline, and with

the 15 day conection employed, can be applied to yield good results for beef cows

housed under nanagement systems simila¡ to those of the present experiments.

4. The time interval from the detectíon of the indication of estn¡s by pedomete¡s to

ovulation was 12t6h. Sufficient time afrer the detection of the pedometer indication of

estrus is available fo¡ effective AI, when pedometers a¡e read twice daily.
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AppENDD( I - Results of criæria applied ûo temperature data (Ihble 1 and Tbble 2)
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Table t - Number of estruses detected (DE), number of false positives detected fP),
detection sensitivity @S)*, detecúons which were correct @C)*, and detection accuracy @A)*
for criteria including a temperature peak of > 3 hours du¡ation and magritudes of 0.3 C(a),

0.4 C(b), and 0.5 C(c) over various days of baseline (16 estruses studied ()rrl ), 26 estruses

studied (ytz),42 esruses studied (total)).

(a)

Baseline(day) DE FP DS(%) DC(%) DA(%)
yrl
yrz

t5
26

l3
l8

88.24

r00.00

53.57

59.09

50.0{)

59.09

total 95.35 56.94 55.41

yr2 25 14 96.15 &.10 62.50

-t

A ¡*1 15l J¡ ¡ t0 88.24 60.00 55.56

yr2 24 14 92.31 63.16 60'00

-i

yrl
yr2

l5
¿1

il
t5

88.24

92.31

57.ó9

61.54

53.57

58.54

total 39 26 90.70 60.00 56.5'¿

(b)

yr} 24 6 92.31 80-00 75.00

-j

J yrl
yrz

t4
2.4

2

5

82.35

92.31

87.50

82.76

73.óE

77.42

totâl 38 EE.37 84.44

4 yrl 13 2 16.47

yr2 24 5 92.31 82.76 77.42

-Íd-

86.67 68.42

yr'1

yr2
l4
23

)
5

82.35

88.46

E7.50

82.14

73.óE

74.19

total JI E6.05 ð4.09 74.O0

(c)
yrl
yr2

t3
¿J

I

4
76.41

88.46

92.86

85.1 9

72.22

76.67

total 36 83.72 E /.EO
-/5.U0

yrl
yrz

t2 70.59

80.77

92.31 66.67

-- 
],rl
yr2

ll
22

I

J

64.11

84.62

9t.67
88.00

6l.l I
75.86

total JJ 76.74 ð9. I9 10.21

64.11

76.92

9t.6't
86.96

ót.l I
68.97

yrl
yrz

ll
20

II

J

* See Manuscript 1 for defi¡itions of terms.

12.09 E8.57 65.9ótotal 3l
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Table 2 - Number of estruses detected (DE), number of false positives detected @P),
detection sensitivity (DS)*, detections rvhich were correct (DC)*, and detection accuracy @A)*
for criteria including a temperature peak of > 4 hou¡s duration and magnitudes of 0.3 C(a),
0.4 C(b), a¡rd 0.5 C(c) over various da)'s of baseline ( I 6 estruses studied ó¡rl ), 26 estruses

studied (y,rz),42 estruses studied (total)).

(a)

Baseline(day) DE FP DS(%) DC(%) DA(%)

yr? 23 8 88.46 74.t9 67.65

total 38 l0 88.37 79.1'1 7 t.70

3 yrl t3 4 76.47 76.47 61.90
yr2 23 8 88.46 74.19 67.65

4 yrl 14 4 82.35 77.78 66.67

yr2 22 5 84.62 81.48 7097

5 yrl 1Àta 4 82.35 77.78 66.67

yr2 22 5 84.62 81.48 70.97

(b)
yrl
yr2

l4
2l

I

4
82.35

80.77

93.33
84.00

77.78

70.00
35 E 1.40 E7.50 72.92

yrl
yr2

lt
22

I
J

64.7 |
84.62

9t.67
88.00

6r.t I
7s.86

total 76.74 89.r9 70.21

yrl
yr2

t¡
21

I
J

64.71

80.77

91.67

87.50

6l.t I

72.41

total 88.8974.42 68.09

yrl
yr2

il
zv

I
J

64.71

76.92

9r.6'r
86.96

6l.l I

68.97

total 3l 72.09 88.57 65.96

(c)
yrl
yr?

9

I9
I 52.94

73.08
90.00

86.36
50.00

65.52
65.t2 E7.50 59.57

3yrl9 | 52.94 90.00 50.00
yr2 19 4 73.08 82.61 63.33

yrl
yr2

1

l8
I 4I.IE

69.23

E7.50

90.00

3E.89

64.29

25 5E. t4 E9.29 54.35

yrl
\r2

7

18

I

J

4l. tE
69.23

87.50

85.71

38.89

62.07

+ See Manuscript I for definitions of terms.

58. t4 86.21 53.1 9total 25
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APPENDD( tr - Resutts of criteria applied ûo pedomeær data Clhbles la and Lb,2a

andãb,3a and 3b,4a and 4b, and 5a and 5b)
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Table I a - Number of estruses detected @E), number of false positives detected (FP), detection

sensitivity @S)*,detections which were correct @C)+,and detection accuracy (DA)* for all

criteria tested on leg pedometer data for experiment I using the I 5 day criterion* ( l6 estruses

studied).

Th¡eshold Baseline(d) DE FP DS(%) DC(%) D^(%)
2

5

10

l)

1.5 2l

20
,)rì

l0
l0
l0
l0

62.50

62.50

62.50

62.50

32.26

30.30

JJ.J J

33.33

27.03

25.64

27.78

27.78

2

5

l0
I5

2.O l8
21

l9
t7

9

8

8

8

56.25

50.00

s0.00
50.00

33.33

27.59

29.63

32.00

26.47

2t.62
22.86

24.24

5

6

7

5

5
ln

l5

2.5 l5
l2
t0
l3

31.25

37.50

43.75

3t.2s

25.00

33.33

41.18

2'7.78

t 6.13

2t.43
26.92

17.24
A

J

J

2

5

r0
l5

3.0 l3
5

5

4

25.00

25.00

18.75

18.7s

23.53

44.44

37.50

42.86

13.79

19.05

t4.29
15.00

Table lb - Number of estnrses detected @E), number of false positives detected (FP), detection

sensitivity @S)*,detections which were correct @C)*,and detection accuracy @A)* for all
criteria tested on leg pedometer data for experiment I (16 estruses shldied).

Thresholds Baseline(d) DE FP DS(%) DC(%) DA(%)
2

5

10

15

1.5 II
65

54

48

t4
t4
IAtt

t3

87.50

87.50

87.50

81.25

t6.47
t7.72
20.59

2t.31

16.09

17.28

20.00

20.3 r

2

5

l0
l5

2.0 38

33

32

25

l1
l0
l0
9

68.75

62.50

62.50

56.25

22.45

23.26

23.81

26.47

20.37

20.41

20.83

2t.95
7

6

7

6

2

5

l0
t5

2.5 ))
t4
l4
l5

43.75

37.50

43.75

37.50

24.t4
30.00

28.57

t8.42
20.00

¿5-5J

19.35

2

5

IO

t5

3.0 5

4

J

J

l3
5

5

^I

3t.25
25.00

18.75

18.75

27.78

44.44

37.50

42.86

17.24

19.05

t4.29
Ì 5.00

+ See Manuscript 2 for definitions of terms.
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Table 2a - Number of estruses detected @E), number of fal'e positives derected (FP), derection
sensitivity @S)*,detections which were correct (DC)*,and cerection accurac]' (DA)* for all
criteria tested on leg pedometer data for experiment 2 usine rhe I 5 day crireria* ( I 4 estruses
studied).

Th¡eshold Baseline(d) DE FP DS(%) DC(%) DA(%)
1.5

5

l0
If

l4
l4
IAIT

l4

l0
8

9

9

r00.00

I00.00
t00.00
t00.00

58.33

63.64

60.87

60.87

58.33

63.64

60.87

60.87
2.O 2

5

l0
t5

5

r0
l5

14

l4
lll¡t

t4

a

5

7

7

r 00.00

100.00

100.00

r00.00

r 00.00

r00.00

r 00.00

66.67
'73.68

66.67

oo.b /

77.78
'13.68

82.35

66.67

73.68

66.67

66.67

77.78

73.68

82.3s

144
145
t43

3.0 2

5

l0
l5

I3
1^
¡l

IJ

l2

5
A

J

92.86

i00.00
92.86

85.71

72.22

77.78

81.25

85.71

68.42

77.?8

76.47

75.00

Table 2b - Nurnber of esbr¡ses detected (DE), number of falæ positives detected @P), detection
sensitivity @S)*,detections which were correct @C)*,and detection accuracy @A)* for all criteria
tested on leg pedometer data for e4periment 2 (14 estruses studied).

Tlreshold Baseline(d) DE FP DS(%) Dc(%) DA(o/o)

t.5 2

5

t0
l5

l4
l¡+

t4
t4

54

38

J¿+

25

100.00

100.00

r00.00
r00.00

20.59

26.92

29.t7
35.90

20.59

26.92

29.17

35.90

2.0

5

l0
l5

l4
l4
t4
l4

34

l7
il

I00.00
100.00

100.00

100.00

29.t7
45. l6
56.00

53.85

29.t7
45.16

56.00
53.85

2.5 2

5

10

l5

l4
t4
l4
l4

20

8

5

J

I00.00
r00.00
t00.00
r00.00

4t.l8
63.&
73.68

82.35

4r.18
63.64

73.68

82.35

3.0 l3
l4
l3
LZ

ló
^

J

2

92.EÓ

100.00

92.86

85.71

44.E3

77.78

8t.25
85.71

43.33

77.78
76.47

75.00

5

l0
l5

* See Manuscript 2 for definitions of terms.
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Table 3a - Number of est¡uses detected (DE), number of false positives detected (FP), detection

sensitiviq' @S)*,detections which u'ere correct (DC)*,and detection accuracy @A)* for all

criteria tested on neck pedometer data for experiment 2 using the I 5 day criterion* ( I 4 estruses

srudied).

Threshold Baseline(d) DE FP DS(%) DC(%) DA(%)
1.5 2

5

l0
l5

IJ

t3
t3
l3

ll
t2
9

9

92.86

92.86

92.86

92.86

54.t7
52.00

59.09

59.09

52.00

50.00

56.52

56.52

IJ2.0 2

5

t0
l5

t2
IJ
It

8

4

J

J

92.86

85.71

92.86

85.71

61.90

75.00

81.25

80.00

59.09

66.67

76.47

70.59

I

83.33

91.67

90.91

55.00

62.50
I J.JJ

66.6'1

5

l0
t5

l0
il
l0

2
I

I

71.43

78.s7
7 t.43

7

8

8

9

J.U

5

10

t5

4
0

0
0

50.00
57.14

57.14
&.29

63.64

100.00

100.00

100.00

38.89
57.14

57.14

64.29

Table 3b - Number of estruses detected (DE), number of false positives detected (FP), detection

sensitivity @S)*detections which were correct @C)*,and detection sccuracy @A)* for all

criteria tested on neck pedometer data for experiment 2 (la esh¡ses studied).

Threshold Baseline(d) DE FP - DS(%) Dc(%) DA(%)

1.5 2

5

10

t5

l4
l3
14

t4

52

36
34

29

t00.00
92.86

100.00

100.00

2t.21
26.53

29.t7
32.56

21.21

26.00

29.1'l
32.56

2.0

5

l0
l5

l3
t2
l3
t3

.,.,

t0
9

l0

92.86 37.t4
54.55

59.09

56.52

36.1l
85.71

92.86
92.86

50.00

56.52

54.17

2.5 2

5

l0
l5

t2
t0
il
IO

ll

I
,)

85.71

7t.43
78.57

7t.43

52.17

76.92

9t.67
83.33

48.00
58.82

t 3.5J

62.50

3.0
5

l0
l5

4

0
0

0

7

8

8

9

50.00
57.t4
57.t4
64.29

ó3.ó4

t00.00
100.00

100.00

Jð,ð9
57.14

57.14

64.29

* See Manuscript 2 for definitions of terms.
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Table 4a - Number of estruses detected @E), number of false positives detected (FP), detection
sensitivity (DS)*,detections which were conect @C)*,and detection accuracy @A)* for all
criteria tested on leg pedometer data in experíment 3 using the 15 day criterion* (28 estruses

studied).

Threshold Baseline(d) DE FP DS(%) DC(o/o) DA(%)
1.5 2

5

t0
l5

5

t0
l5

25 23

26 22

26 24

26 2l

26 ll
258
24 l0

89.29

92.86

92.86

92.86

92.86

89.29

85.7 r

52.08

54.t7
52.00

55.32

49.02

52.00

50.00

53.06

70.27

75.76

70.59

66.67

69.44

63.r6
2.5 2

5

l0
l5

¿5

2l
2l
2l

l5

8

8

82.t4
75.00

75.00

75.00

60.53

75.00

72.41

72.4r

53.49

60.00

58.33

58.33

3.0

5

t0
l5

17

t7
ll
l6

t4
5

2

3

60.7 |
ou./t
60.7 |
57.t4

54.84

77.27

89.47

84.21

40.48

5t.52
56.67

s l.6l

Table 4b - Number of esfrr¡ses detected @E), nurnber of false positives detected @P), detection
sensitivity @S)*detections which were correct @C)*,and detection accuracy @A)* for all
criteria tested on leg pedometer data for experiment 3 (28 estruses sh¡died).

Threshold Baseline(d) DE FP DS(%) DC(%) DA(%)
1.5 2

5

l0
t5

26

27

26

26

t34
99

87

77

92.86

96.43

92.86

92.86

16.25

2t.43
23.01

25.24

16.05

21.26

22.6r
24.76

2.0 2

5

l0
l5

26

26

25

24

68

l5
t7

92.86

92.86

89.29

85.7r

27.66

M.07
62.50

58.54

27.08

42.62

58. l4
53.33

2.5 2

5

l0
t5

23

21
11

2l

J¿

1l
8

8

82.t4
75.00

75.00

75.00

41.82

65.63

72.41

72.41

38.33

53.85

58.33

58.33

3.0 2

5

l0
l5

t7
17

t?
l6

2l
6

60.71

60.71

60.7r
57.t4

44.74

73.91

89.47

84.21

34.69

50.00

56.67

51.61

* See Manuscript 2 for defuritions of terms.



104

Table 5a - Number of estruses detected @E), number of false positives detccted (FP), detection

sensitivity @S)*,detections which were correct @C)*,and detection accuracy @A)* for all

criteria teted on neck pedometer data for experiment 3 using the 15 day criterion* (30 estruses

studied).

Th¡eshold Baseline(d) DE DS(%) DC(%) DA(%)FP

5

l0
l)

r9
.A J)

28
¿o

63.33

80.00
76.67
'16.67

40.68
45.1 0

46.94

31.15

36.92

39.66

4t.07

2

5

10

l5

J.JJ

tt
t6
l3

56.67

53.33

43.33

48.57

55.t7
54.17

35.42

37.21

3 l.7l
2

5

l0
l5

9

l0
9

¿1

l8
l3
l1
tt
1

6

5
1

J

2

0

30.00

33.33

30.00

s6.25
62.50
64.29

2t
24.32

27.78

25.71

20.00

20.00

16.67

46.15

66.67

75.00
100.00

18.18

18.75

t6.67

22

5

t0
l5

6

6

5

Table 5b - Number of estruses dete;ted @E), number of false positives detected (FP), detection

sensitivity @S)tdetections which were correct @C)*,and detection accuracy (DA)+ for all

criteria tested on neck pedometer data for experiment 3 (30 estruses studied)'

Threshold Baseline(d) DE FP DS(%) DC(%) DA(%)

1.5 ,to 135 ðÕ.ö/ t6.r5 l)./o
20.77

20.83

22.43

5

10

l5

¿t
25

100

90

77

90.00
83.33

80.00

21.26

21.74

23.76

)
5

l0
15

2l
tt
l6
l3

32

t9
17

70

56.67

53.33

43.33

34.69

45.71
¿IJ.JJ

27.42

32.65

27.66

2

5

l0
l5

II
9

t0
9

1
T

7

6

36.67

30.00

JJ.JJ

30.00

56.25

58.82

60.00

.JU

24.32

27.03

25.00
a

5

l0
15

6

6

6

5

J

2

0

20.00

20.00

20.00

t6.67

I

66.67
75.00

100.00

3.95

18.18

18.75

16.67

* See Manuscript 2 for defuritions of terms.
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APPENDD( III - Fedometer and hormone data for individual cors in Manuscript 3

Figure (a) = All pedometer and progesterone data collected during the study.

Figpre (b) = Pedómeter, LH and E2 data collected during the five days

surrounding the ñrst ovulation studied.

Figure (c) J Pedometer, LH, and E2 data collected during the five days

surrounding the second ovulæion studied'

*Pedometer - Pedometet increments X 1000.
*Progesterone levels are re¡nrted as (H)igh=8000, (M)edium=7000, and

(Lþw=6000
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Figure 2 (Cow Z77l
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Figure 3 (Cow 421)
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Figure 4 (Cow A31)
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Figure 6 (Cow X77)
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Figure 7 (Cow X2)
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Figure I (Cow 223)
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Figure 9 (Cow 426)
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Figure 10 (Cow 263)
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Figure 11 (Cow Y9)
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Fígure 12 (Cow 480)
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