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CHAPTER |

INTRODUCTION

Gestation of beef cows averages 283 d and can be influenced by breed, genetics,
number of calves, sex of calf, and environment (Cundiff et al., 1998). Parturition is
initiated by the calf; the fetal hypothalamus secretes corticotrogasiaely hormone
which causes secretion of corticotropin by the pituitary and cortisol by the bglama
(Wagner et al., 1974). Increased cortisol in plasma of the dam initiates decakca
events in the cow, including reduced production of progesterone by the placenta and/or
corpus luteum, increased concentrations of estrogen and cortisol in plasma, and
parturition. A decrease in body temperature may occur before parturitionr{\&treal.,

1958; Lammoglia et al., 1997a; Prado-Cooper et al., 2008).

In 2007, there were an estimated 37 million calves born in the United States, and
27.6% were born in the fall (USDA, 2008). Fall calving in Oklahoma may occur
between August and December. During five years, cows at the Oklahoncalge
Research South Range that calved in August had a shorter gestation (277.7 £1.4d, P <
0.05) compared with cows that calved in October (281.9 + 2.3; Table 1). Weather
conditions, especially temperature, change dramatically during these moatmsa
influence duration of gestation. Ambient temperatures at our research location, nea
Stillwater, OK average of 33.9 °C in August 2007 (range of 18.3 to 38.3 °C), an average

of 28.9 °C in September (range of 10.6 to 33.3 °C, and an average of 24.4 °C in October
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(range of 1.6 to 32.8 °C, (Mesonet, 2007). Kastner et al. (2004) observed shorter
gestations in fall calving cows exposed to elevated ambient temperatupsuie of
cattle to elevated ambient temperatures may also reduce productvitg@oductive
performance. Fall calving in Oklahoma can be profitable. Warm seasonsgrasse
usually abundant during late gestation and at calving. This results inter dredy
condition of cows at calving and during rebreeding, compared with spring catwsy
When fall calves are weaned in late spring or early summer, there arectves
marketed and weaned calf prices are usually greater. Although avalgcseason can
be profitable, it is necessary to take into account the effects of elevateshambi
temperatures in August and early September on duration of gestation and cow
performance. Calves born in the fall tend to have reduced birth weights compéred wit
spring calves (Selk and Buchanan, 1990). A decreased birth weight could be caused by
altered placental function during heat stress or shorter gestation. BRédticeveight
could influence postnatal growth and development.

The objectives of this study were to evaluate the effects of ambient taomeer
on duration of gestation in beef cows by measuring maternal plasma conues it
progesterone, cortisol and estradiol during late gestation. Rumen tengpehatnges at

parturition and estrus will also be evaluated.



CHAPTER Il

REVIEW OF LITERATURE
Duration of gestation, hormone in the calf and cow at parturition and changes in
rumen temperature at parturition and estrus in beef cows

Duration of gestation in cattle can be affected by breed, genetics, calk, of
number of calves, age of the dam, and environment. If cattle producers know the
expected calving date cows can be observed for signs of calving diftmdtgssisted if
necessary. Long gestations decrease cow productivity and extend aatlemgls.
However, if gestation is shortened due to a stressor or a problem with a ca§utiag
parturition and calf could have problems. This review will examine the mangintiés
and hormonal mechanisms which influence the duration of gestation and the change in
body temperature at parturition and estrus in cattle.

Breed influence on duration of gestation
Breeds of cattle have evolved over the centuries according to man’s needs through
domestication and selective breeding. Duration of gestation is highly ¢tedreldh
calve birth weight, and longer gestations result in heavier calves (Canhdliff 1986).
Holsteins and Simmentals, which are large breed cattle, have gest#tR82 d to 286 d,
respectively (Burfening et al., 1978; Fisher and Williams, 1978; Notter et al., 1978).
Angus and Red Angus cattle, have gestations from 278 d to 282 d and lighter mature
weight than Holsteins and Simmentals (Bourdon and Brinks, 1982; Larsen et al., 1994).

Crossbred calves often have a longer gestation then purebred calves §iwhBaigs,
3



1958; Sacco et al., 1990). Gestation length is more heritable from the sire than the dam,
so a bull with a short gestation bred to a cow with a long gestation would result in a calf
with duration of gestation more similar to the bull than the cow (Bellows et al., 1971).
The effects of heterosis for duration of gestation indicate that there majoberzance
effect associated with most traits for gestation, parturition and calf su(@uadory et
al., 1991). Hereford cows have a gestation of 285 d where as Brahman-Hereford
crossbred calves have a longer gestation of 287 d (Wheat and Riggs, 1958). Pure breed
Brahman cows have a gestation of 289 to 292 d which is longer than the Brahman cross
cows mentioned earlier (Plasse et al., 1968; Notter et al., 1978). Gestation lehgtlawit
herd can be influenced by selection for low birth weight which is synonymous with
shorter duration of gestation.

Heritability and genetics of gestation

Factors that influence heritability of duration of gestation include brerafse
calf, and genetics. Heritability of gestation length ranges from intkatecto highly
heritable (Fisher and Williams, 1978; Bourdon and Brinks, 1982; Gregory et al., 1991).
Duration of gestation and birth weight within breeds is highly heritable (Getdif.,
1986). Sire or paternal effect for gestation length have a greatebliigyithan
maternal traits (Everett and Magee, 1965; Deutscher and Slyter, 1978). Repgafabil
duration of gestation is greater in full sibs than for half sibs due to the greatabihigyri
of paternal gestation length. Cows mated to the same bull have a greatebikjysait
gestation length then cows mated to different bulls (Wheat and Riggs, 1958)fofiehare
herd of cows bred to the same sire should have a more consistent duration aingestati

than cows breed to several bulls. Artificial insemination of a herd of cows to one bull
4



will produce a more uniform duration of gestation and calves compared with brézding
multiple sires.

Sex of calf effect on gestation

Bull calves have a longer duration of gestation than heifers. Birth weight and
length of gestation are correlated; therefore bulls calves are hatbieth than heifer
calves (Bellows et al., 1971; Batra and Touchberry, 1974). Burfening et al., (1978)
examined calving ease and discovered that not only did bull calves have a 1.7 d longer
gestation on average compared with heifers but bull calves weighed 2 kgompared
with heifers at birth. Although there was no evidence of a sex of calf effect ongcalvi
ease, birth weight was a significant factor. Therefore cows caraylnuj calf are more
likely to need assistance during parturition. Duration of gestation in Angus fokéere
calves was also greater for bulls than heifers by 1.9 d and bulls were 2.6 kg lneawvier t
heifers (Bellows et al., 1971). Similar to Burfening’s study, Bellows.€i8lF1) also
observed that bull calves required more assistance at birth than heiferdizvi® the
greater birth weight. Birth weight increased 0.25 kg/d during late gesthtibm the
final days of normal gestation, birth weight increases at a sloweBuatieKing et al.,
1978). There is no conclusive evidence that bull calves have a valuable advaritage wit
an increased duration of gestation compared with heifer.

Gestation with single or twin calves

A major cost of beef production is the amount of feed required for maintenance of
the cow herd therefore production of twins could be more profitable than single calves.
An undesirable consequence of twinning is a shorter duration of gestation. Echternkamp

et al. (1999) found that duration of gestation was reduced by 5.7 d for cows with twin
5



compared with single calves and cows with twins had a greater inciderstaioned
placenta. Duration of gestation for twins ranged from 256 to 291 d compared with
singles which range from 258 to 300 d (Gregory et al., 1990). Gregory et al. (1990)
observed a decreased survival rate for calves with a gestation of less than 272 d and a
decreased survival rate for twins at birth, and at 72 h, and 100 d of age. Fall born twins
had a reduced survival rate attributed to possible heat stress and greater effede of
environment for dams of twins compared with singles (Gregory et al., 1990). Itis
possible that the extreme heat stress was causing blood to be diverted fubenubeo
the surface of the body to assist in dissipating heat and this may limit nudrreritble
to the fetuses. Sex of calves effects duration of gestation in singletons howevkr se
twins did not have an effect on duration of gestation (Echternkamp and Gregory, 1999).
Birth weight of twins increased at a rate of 0.45 kg per day as duration of@estati
increased which was less than for single calves with a weight incre&s&%kg/d
(Echternkamp and Gregory, 1999).

Effect of cow age on gestation

Beef heifers are usually bred to calve at 2 years of age and are dxpdutwe a
calf every 12 mo until they are no longer able to rebreed or produce a profitable calf
Heifers have a shorter duration of gestation than multiparous cows and cabheseor
by heifers weigh less at birth (Everett and Magee, 1965; Fisher andgilli®78;
Bourdon and Brinks, 1982). Bourdon et al (1982) observed that gestation length was
associated with an increase in age up to and including 5 yr old cows and calves from
older cows had a greater birth weight than calves from younger cows up tofldhgr o

Cows that were 11 yr of age and older had a shorter average duration of gestation and
6



lighter birth weights than younger cows (Bourdon and Brinks, 1982). Fisher E2&B) (
found that second calves were 2.8 kg heavier than first calves, and third cakwé€s8ver
kg heavier than second calves. Eight year old cows had calves with greateelgttsw
than 2 yr old cows and a longer duration of gestation (Everett and Magee, 1965). The
age and maturity of the cow has an effect on the nutrients available to the gadivitn
and development.

Environmental effects on gestation

Environment of a pregnant cow can include nutrition, housing conditions, and
weather factors such as ambient temperature and humidity. This reviewaliiate the
effect of weather and nutritional factors associated with duration otigest&levated
ambient temperatures can cause heat stress when the environmentaltteenisera
greater than the animal’s thermo neutral zone (Armstrong, 1994). Heat sthessrate
of insemination decreases conception rate in cows. Morton et al. (2007) observed that
conception was reduced by exposure of cows to heat stress from 1 mo beftarg dhe
service to 2 wk after the day of service. Exposure to elevated ambient temgsera
during early pregnancy results in reduced fetal weight and may increaseaiobry
mortality (Biggers et al., 1987). Ewes exposured to heat stress duringdtagan had
dwarf lambs and reduced birth weight (Brown et al., 1977). Heat stress of isahco
late gestation can cause a significant decrease in duration ofaestadi birth weight
(Kastner et al., 2004). The days of gestation and the duration of heat exposure that alter
the duration of gestation and birth weight have not been established. Physiolodical a
nutritional stress of ewes in early gestation causes a decrease mrarapy length of the

fetus and duration of gestation (Smith et al., 2008). Reduced nutrients of ewes in early
7



gestation with twin pregnancies results in early parturition and cannot beecbgran
increase in maternal diet later in gestation (Edwards and McMillen, 2002).

Parturition in beef cows

Parturition is the process by which the fetus is expelled from the uterubento t
external environment. It requires endocrine and physiological changeghi the fetus
and the dam. Parturition is initiated by the fetus with the release of Afohthe fetal
pituitary (Wagner et al., 1974). The fetal adrenal is then stimulated to prodtiselcor
which will cross the placenta to the maternal system. The releaseisbtlcotb the
maternal system results in a cascade of events. Progesterone production dxethte pl
is decreased along with a decrease in progesterone from the CL on the ovary. i¥he C
maintained throughout pregnancy to produce progesterone and is required until the
seventh month of pregnancy in the bovine (Estergreen et al., 1967; Tanabe, 1970; Smith
et al., 1973). Estrogen production will increase from the placenta as a rebelt of t
decreased progesterone (Smith et al., 1973). The uterus increases production of
prostaglandin f which causes uterine contractions to begin (Wagner et al., 1974).
Oxytocin is released from the maternal pituitary causing the cerdiate, fetal
membranes to detach and uterine muscles to contract (Wagner et al., 19748)eddee r
of oxytocin is pulsatile and increases in frequency and intensity the day oftpartur
(Fuchs et al., 2001). As contractions increase in intensity and frequency theilietus
move up the birth canal and the chorioallantois will rupture. The amnion will also
rupture as the fetus begins to emerge from the birth canal. Once the fetieahed the
birth canal the fetal membranes follow and contractions will continue to push ouakll fe

membranes.



Role of the fetus during parturition

A fetus must become an independent life form at birth. It loses the safety and
support of the uterine environment at birth and must now breathe, consume nutrients, and
become mobile on its own. While in the uterus the fetus is supplied with oxygenated
blood that has been filtered by the maternal system and the placenta. Thesféttle ha
renal function while in the uterus despite consuming amniotic fluid and no respiratory
activity (Trahair et al., 1987). Fetal membranes are establishgdregdstation to
provide nutrients and respiratory support for the fetus as it grows. Fetal mesarad
placental growth occurs primarily in the first half of gestation, but vasdelselopment
continues throughout gestation to accommodate the increased needs of the fetus
(Reynolds and Redmer, 1995). Fetal organs are being differentiated at thas time
hyperplasia is the major form of growth during the first trimester (Gorle, 4984). The
second trimester is marked by an increase in hypertrophy of the fedabagd tissues
(Godfredson et al., 1991). In the third trimester the fetus will grow and matureatssorg
and systems in preparation for birth (Mao, 2008). Cortisol is vital for the maturaton a
development of many organs of the fetus (Bassett and Thorburn, 1969). Progesterone
and estrogen produced by the placenta and CL are essential for preparieguh#out
expel the fetus and stop the flow of nutrients to the uterus that was once supporting the
fetus and is not necessary when the dam is not pregnant (Smith et al., 1973).

Cortisol in the fetus at parturition

Cortisol is produced by the adrenal gland. The production of cortisol is
stimulated by ACTH which is produced and secreted from the anterior pit{Wagner

et al., 1974). Production of cortisol is also the mechanism that initiates parturition.
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Concentrations of cortisol in plasma of cows increase dramatically thaf gayturition

(Smith et al., 1973). The hypothalamus of the calf matures and is activated when it is
time for parturition to begin. The hypothalamus of the calf releases ACTHhabis on

the fetal adrenal to produce cortisol. Despite the dramatic increasaliodeisol at the

time of parturition there is little effect on maternal concentrations asobwtith the

highest concentrations in the fetus at birth well above maternal conmergrdgassett

and Thorburn, 1969). It has been speculated that the normal negative feedback of cortisol
on ACTH in the fetus is not functional before birth in both livestock and primates until
after birth (Challis and Brooks, 1989; Ellmann et al., 2008). This may occur to ensure
activation of hormonal and enzymatic processes that must take place throughout the
uterus. Cortisol attaches to receptors on the placenta and reduces the production of
progesterone and increase production of estrogen, prolactin, and oxytocin. Anderson et
al., (1975) observed increased concentrations of cortisol in plasma of sheep may be
important to begin the biosynthesis of estrogen from progesterone and induce catabolism
of placental progesterone prior to parturition.

Cortisol is necessary for the maturation of the fetal lungs, which must support
respiration at birth. Sheep, pigs and rabbits must complete at least 90% of theorgesta
period for the lungs to mature and function to support the fetus (Olson, 1979). Thyroid
releasing hormone (TRH) and prolactin increase along with cortisol, prepfntiung
maturation (Liggins et al., 1988). Surfactant is synthesized and secretedungtef
the fetus in response to cortisol. Surfactant covers the alveoli to provide the lungs wit

stability when breathing by helping the lung resist collapse.

10



Cortisol is also required for the maturation of the small intestine. Sheegsfetus
administered cortisol before 115 d of gestation had premature maturatioln ioftiag
small intestine which normally would occur late in gestation (Trahalr, €t%87).
Exposure of the fetus to cortisol during late gestation is necessary fonttieh of
lungs and digestive system at birth.

Maternal role during parturition

The fetus initiates parturition but the dam is responsible for expelling the fetus b
contractions of the uterus and termination of the fetal/maternal tissue connections
Progesterone production by the placenta and the CL decreases at parturitistnogyeh e
production by the placenta increases. After the fetus has initiated partur@idarn
must prepare to nurse the fetus. Mammals must produce milk to support young until
young are able to consume and digest nutrients from the environment. Increased
concentrations of prolactin at the time of parturition stimulate the manglergs to
synthesize colostrum and milk (Pennington and Malven, 1985). Oxytocin is also involved
in uterine contractions and dilation of the cervix for passage of the fetus ¢W\&tga.,
1974). Prostaglandinfis produced by the uterus at parturition, stimulates uterine
contractions and terminates the connections between the fetal membranes amdshe ut
(Wagner et al., 1974) . The major role of the dam at parturition is to expel therfétus a
membranes. Fetal hormones act on the maternal system to activateschahgevary
and/or uterus of the dam to initiate parturition.

Progesterone at parturition

Progesterone is produced by the placenta and the CL on the ovary. The CL

formed at ovulation is maintained if fertilization occurs and produces progestentil
11



parturition begins when it regresses, reducing progesterone production. The CL
essential to maintain pregnancy until 7 mo of gestation then the placenta produces
sufficient progesterone to maintain pregnancy. If the CL is removed befose 7 m
gestation may be shorter than normal or result in retained placental mesnbrane
(Estergreen et al., 1967; Tanabe, 1970). During late gestation concentrations of
progesterone in plasma are constant and similar to the maximum found duringahe lute
phase of the estrous cycle (Stabenfeldt et al., 1970; Robertson, 1972; Smith et al., 1973).
The placenta produces progesterone to assist in the maintenance of pregnancy until the
release of cortisol near parturition. Progesterone receptors locateccaruneule appear
to be under the control of placental progesterone in late gestation rather than progesteron
produced by the CL (Schuler et al., 1999). The control of progesterone receptors by the
fetus could be another indicator of fetal control of parturition. Schuler et al., (1999) did
not find a difference in progesterone receptors in cotyledons until the time oftwartur
Progesterone begins to decrease a few days before parturition in sheegle(8mdh
et al., 1973). Concentrations of progesterone in plasma at parturition are usually < 1
ng/mL (Stabenfeldt et al., 1970; Robertson, 1972). Concentrations of progesterone after
parturition are minimal until ovulation and/or luteinization of follicles occRisbertson,
1972).

Estrogen at parturition

Concentrations of estradiol in plasma increases prior to parturition (Sraith e
1973). Estrogen is produced by the placenta in response to the release of cortisol from
the fetus (Smith et al., 1973). The addition of estrogens to the induction protocol reduced

retained placentas in both heifers and cows (Garverick et al., 1974; Muller et al., 1975;
12



Davis et al., 1979). A low concentration of estrogen at the induction of parturition may
cause retention of the placenta (Garverick et al., 1974). Estrogen receptors on the
placentomes and caruncles are present at their highest concentraticimae thfe
parturition in cows that have been induced after 269 d of gestation (Boos et al., 2000).
Receptors for estrogen must be present before parturition so the fetal mesdaa
respond to estrogen and be detached and expelled from the uterus.

Cortisol inthe dam at parturition

Concentrations of cortisol in plasma of cows are not related to the fetabtorti
concentrations. Only 10-20% of maternal cortisol will pass through the placenta into the
fetal circulation (Hudson et al., 1976; Boos et al., 2000). Glucocorticoid receptors in the
caruncles are involved in the initiation of parturition and the release of fetdbraees
(Boos et al., 2000). Cotyledons are stimulated at the initiation of parturition for proper
release of fetal membranes. Maternal cortisol increases atheftiparturition then
decreases to basal concentrations within 12 h related to the act of labor in ti&rddm (
et al., 1973; Hudson et al., 1976).

Prolactin at parturition

Prolactin release increases near the time of parturition and is thought to be
involved in several biological pathways in the fetus and the dam. Milk production is
stimulated but not dependent on prolactin. Induced parturition causes an increase in
concentrations of prolactin in milk but has no effect on concentrations of prolactin in
plasma (Erb et al., 1977).

Rumen Temperature at parturition

13



Predicting parturition is a valuable tool for cattle management. The ability t
predict parturition would enable assistance to cows with calving difficulty. chedee in
body temperature may occur before parturition (Wrenn et al., 1958; Sawada et al., 1988;
Lammoglia et al., 1997a; Aoki et al., 2005; Prado-Cooper et al., 2008). It is unclear what
causes the decrease in body temperature. There is a cascade of hormonsitchtinge
occur at parturition including a decrease in concentrations of progesteromeraages
in estrogen, PGFZ oxytocin and relaxin in the maternal blood that could related to the
decrease in body temperature at parturition. Lammoglia et al (1997a) fousdxhat
hormones were not related to body temperature at parturition by medsuonjpgrature
under the skin at the flank. Exogenous progesterone causes an increase in body
temperature and may have a role in the cyclic temperature changeatasisath CL
function (Wrenn et al., 1958). Based on this observation body temperature should
decrease at parturition due to a decrease in concentration of progesigiasemia.

There was no difference in the drop in vaginal temperature for cows with twirzaced
with cows with singles births (Aoki et al., 2005). The decrease in body tempeatture
parturition has been confirmed by several studies however the cause and priggictabil
are not established. Body temperature must be recorded multiple times aydagrio
accurate temperature measurement for an individual cow. Prado-Cooper (2008) used
rumen temperature bolus to record temperature at 15 min intervals to studynihe icha
rumen temperature at parturition. She found a decrease in rumen tempe8ItE€

the day before parturition in spring calving beef cows (Prado-Cooper et al., 2088)
decrease of 0.3 °C occurs in cows preceding parturition, this could be used to

accurately predict the time of parturition.
14



Estrusin cows

Estrous detection in cattle is essential for accurate and efficieantddherd
management. There are over 45 million breeding age cows in North America and of
those 24.8% are bred by Al (Thibier and Wagner, 2002). The number of cows being
artificially inseminated has increased with the demand for superionggefathigher
quality beef and dairy products. The U.S. dairy industry alone loses more than $300
million annually due to failure to detect estrous or false diagnosis of eStngdfr,

1994). Methods of estrus detection must be improved to prevent losses in the beef and

dairy industries related to breeding and reproduction in cows.

Estrus is the time during the estrous cycle when a female is receptikeeding
and displays behavioral signs along with hormonal changes which precede ovulation
(White et al., 2002b). Estrous behavior can be seen when a cow stands to be mounted by
another cow or bull. Other signs of estrus include discharge of vaginal mucllisgswe
of the vulva, and increase activity. Plasma concentrations of estradiol aiesgokiring
estrus phase of the cycle (Wettemann et al., 1972). Estradiol is produceddilydiee f
on the ovary which is stimulated by luteinizing hormone (LH) and follicle stitmngla
hormone (FSH) (Ireland et al., 1984). As the follicle grows concentratiorssrafi®l in
plasma increase and estrous behavior is exhibited. Estradiol concentratigresatee
from 3 d before to 3 d after estrus (Garverick et al., 1971; Wettemann et al., 1972). After
ovulation the follicle lutenizes to become a CL which produces progesterasméeP|
concentrations of progesterone increase after estrus until 5 d prior to esthishatime

concentrations decrease with regression of the CL (Swanson et al., 1972; Wettemann e
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al., 1972). If a cow becomes pregnant, the concentration of progesteronenaifi re
elevated and the CL will be maintained. However if the cow does not become pregnant
at 14 d after estrus, the CL will regress, progesterone production will dedr&ts and

LH will stimulate a dominant follicle to grow and produce estradiol until ovulation

occurs (Rajamahendran and Taylor, 1991a). Greater conception rates occur when Al is

done between 4-18 hours after ovulation (Maatje et al., 1997; Dransfield et al., 1998).

Observation of cows for mounting and riding one another is a common method of
estrus detection. Visual detection is usually done 2 or 3 times per day for 15 t0 30 mi
and cows in estrus may be overlooked or missed if they are not exhibiting vigisabsi
estrus during the observation period. Some cows do not stand to be mounted even when
in estrus and secondary signs must be detected or these animals will be edmstar
estrus (Foote, 1975). Other methods for estrus detection include tail markingand col
changing pressure-sensitive mount detectors. Tail marking or presssit/sanount
detectors must be monitored frequently and are subjective but can improve estrous
detection compared with only visual detection (Baker, 1965; Holmann et al., 1987).
Dairies have the advantage of being able to collect daily milk samplasefich cow to
test concentration of progesterone in milk as an indicator estrus but this is e fi;as
a beef herd and can be costly (Holmann et al., 1987; Heersche and Nebel, 1994).
Pedometers are also used to monitor estrus by recording an increase yalstohtis
positively correlated with estrus (Pennington et al., 1986; Peralta 20@5b).

Technology has recently offered the cattle industry a telemetric metlestrofis
detection like Heat Watch ®, which sends a signal back to a computer to record when a

cow is mounted and the number of mounts, duration of mounts and duration between
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mounts (White et al., 2002a; Peralta et al., 2005). This information can be used to
determine or predict the onset of estrus.

Rumen temperature at estrus

Body temperature of cows increases during estrus and this can be usedtto dete
estrus. Rajamahendran et al. (1991a) observed a relationship between standirgnest
both rectal and vaginal peak temperatures but found no correlation with time of
ovulation. This disagrees with a previous study by Rajamahendran et al. (1989) in which
vaginal temperature but not rectal temperature was highly correlatetdme of
ovulation. Vaginal temperature was taken every 4 h during the study compdred wit
Clappers et al. (1990) in which temperature was only taken twice daily. Cla@ber et
(1990) was able to determine that a vaginal temperature increas@.8f°C occurs at
estrus and the temperature increase was sustained for 8.14 + 3.48 h. Onset of the
temperature increase was most closely related to LH surge. Ovulation witbursa
consistent interval after LH surge confirming that temperatureb@aygood predictor of
ovulation in all seasons (White et al., 2002b).

Estrus is often associated with an increase in activity. Cows not in esposdes
to the estrus cow and this can increase temperature of diestrus cows gssrupfitives
for estrous detection by change in rumen temperature (Pennington et al., 1986). However
the temperature increase due to participating in estrous activity wag anshesse and
not as elevated or prolonged as active cows in estrus (Walton and King, 1986#). Sile
estrus or estrus with no external signs or behaviors was also detected by monitoring
abdominal temperatures; an increase of 0.6 to 0.8 °C occurred at estrus, and resulted i

successful conceptions when cows were Al (Zartman and Dealba, 1982a).
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External methods for measuring changes in body temperature at estrus have not
been as efficient or accurate as internal temperature measuremearedistanning to
measure the magnitude of temperature change results in excess falgesp@surnik et
al., 1985). Ear temperature measurements were also inconclusive and are not a good
measure of a cow’s body temperature changes (Redden et al., 1993a). Milk t@m@perat
has also been evaluated to determine estrus in dairy cows. Fordham et al. (1988)
discovered an increase in milk temperature by at least 0.2 °C at estrus cbwigiare
temperature of the three previous days. Milk temperature does vary throughout the day
and can be affected by many factors including milk flow and distance from wtdez
temperature is taken. Vaginal temperature was higher than milk tempduoatat
measurement points indicating milk temperature may not be a good represeasita
body temperature or useful in estrous detection (Fordham et al., 1987). Bodyateneper
could be used to evaluate estrus with frequent records of the core body temperature
averaged over a period of time and compared to previous periods.

It is established that temperature readings need to be measured oezatfyeto
give a more accurate understanding of temperature changes in a cow’s bodgn Rum
boluses provide non-invasive, frequent measurements of core body temperature which is
sent back to a computer for record keeping and analysis. In addition, rumen boluses
could be used to monitor animal health, water intake and parturition (Brod et al., 1982;
Lammoglia et al., 1997b; Schaefer et al., 2007; AlZahal et al., 2008)).

Summary

Duration of gestation in cows is an important element of cow reproduction and

calf development and performance. Evaluating the effects of elevatechambie
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temperature on late gestation is important in fall calving herds. Heat sttegces milk
production in cows by diverting blood flow from the udder to the skin surface to reduce
the cow’s heat load (Collier et al., 1982b). Concentration of cortisol in plasma @screas
milk production. Exposure of cows to elevated ambient temperatures increases
concentrations of cortisol in plasma therefore reducing milk production (Gbnstnd
Johnson, 1972; Flamenbaum et al., 1995). The establishment of milk production before
gestation is vital to support for a beef cow to support a calf.

Elevated ambient temperature in the late summer months may cause cows in late
gestation to have a shorter gestation and calves with lighter birth weigstaéKat al.,
2004). There is no evidence that low birth weight induced by exposure to elevated
ambient temperature has a negative effect on weaning weight (Selkiahanan, 1990).
Cows calving during times of elevated ambient temperature may undergorésabst
parturition causing dystocia or death of the calf or cow. Monitoring rumen tetmgera
in late gestation may allow producers to predict the day of parturition and nfonigory
calving problems due to heat stress or dystocia. Rumen temperature may also be a
valuable tool for detecting estrus in cows. The increase in rumen tempetastreisis

related to ovulation and could be used to improve Al timing and efficacy.
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Table 1. Effect of calving month on ambient tempeature and
duration of gestation of fall calving beef cows oveb yr

Gestation, d Max. Ambient Temp. at
calving, °C

Year August October August October
1 279.1f (10) 28583 (13) 34.4 16.17
2 278.7 (14) 282.4  (9) 32.0° 19.8°
3 278.00 (8) 281.0 (5) 28.3° 19.7°
4 278.7 (10) 281.8  (10) 3.8 23.3
5 275.2 (18) 278.8  (4) 36.3° 19.7°
Mean 277.7 281.9 32.6° 20.8"

2> Means within a row without a common superscriffedi(P < 0.05).
“® Means within a row without a common superscriffed (P < 0.01).
Number of cows in parentheses.
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CHAPTER IlI

EFFECTS OF ELEVATED AMBIENT TEMPERATURE ON DURATION OF

GESTATION IN BEEF COWS

ABSTRACT: Angus x Hereford cows (n = 24) were artificially inseminated to
calve in August (n = 14) or October (n = 10) to evaluate the effects of ambient
temperature on duration of gestation. Cows grazed native grass pasture in Oklahoma and
had a body condition score of 6.0 + 0.5 at parturition. Commencing 2 wk prior to the
expected calving date, blood samples were taken from the coccygeal veiR ¢év&ryg
until 2 d post partum. Concentrations of progesterone and cortisol were quantified by
radioimmunoassay (RIA). Cows that calved in August had shorter gestatiorz£275
1.3 d, n =14P = 0.07) compared with cows that calved in October (278.8 +1.4d, n =
10). Maximum daily ambient temperature during the last 8 d of gestation veasrdos
August calving cows (36.3 £ 4.5 °€,< 0.001) compared with October cows (25.2 °C £
7.0). Plasma concentrations of progesterone and cortisol were quantified.by RI
Concentrations of progesterone in plasma during the last 8 d of gestation were not
influenced by month of calving. Concentrations of cortisol in plasma during the last 4 d
of gestation were greater in cows that calved in August (12.5 £ 0.9 ng/mD,05)
compared with cows that calved in October (9.5 + 1.0 ng/ml). Shorter gestation in beef
cows exposed to elevated ambient temperature was associated withameegatrations
of cortisol in plasma during the last 4 d of gestation.

Key words: Fall calving, beef cows, duration of gestation, heat stress
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INTRODUCTION
Duration of gestation for fall calving cows was shorter (P <0.05) for cows
calving in August (278.4 d + 0.8) compared with October cows (282.5 + 0.9, (Kastner et
al., 2004). Heat stress during late gestation alters maternal and placeoiaine
functions (Collier et al., 1982b). Exposure to elevated ambient temperaturesedcrea
concentrations of progesterone in plasma of Holstein cows (Collier et al., 1982a).
Concentrations of cortisol in plasma of cows increases with exposure to élandient
temperatures but will decrease as the animal becomes acclimatedior¢ase
temperatures (Christison and Johnson, 1972). The increase in cortisol and decrease in
progesterone at the time of parturition may be altered due to the exposure of cows to
elevated ambient temperature (Collier et al., 1982b). Objectives of thisregpewere
to evaluate the influence of exposure of cows to elevated ambient temperatures on
duration of gestation and maternal plasma concentrations of progesterone aodl corti
MATERIALS AND METHODS

Animals and treatments

Angus x Hereford cows (n = 24) 4 to 8 yr of age were stratified by age ahtbbre
calve in either August (n = 14) or October (n = 10). August calving cows were Al on
November 11 and October calving cows were Al on January 5. Cows were injébted w
gonadotropin-releasing hormone (GnRH, 86 ug FerTagyl, Intervet Inc) on d 0 and a
CIDR® (1.38 g of progesterone, Pfizer Animal Health) was inserted intravagir@ti d
7 the CIDR was removed and cows were treated with prostaglandin P Gétalys€
25 mg, Pfizer Animal Health). An injection of GnRH was given on d 9 and cows were

Al to one of two Angus bulls with an equal number in each group. Cows grazed native
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range pasture and were given a 38% CP supplement to maintain a B@$ afuring
the winter. Birth weight of calves was recorded and bull calves were cddiyate
banding within 1 d.

Plasma Samples

Two weeks prior to the expected calving date, blood samples were obtained by
puncture of the tail vein every 2 to 3 d until 2 d after calving. Blood samples were
obtained in 10 mL tubes containing EDTA. Samples were kept at 4 °C and centrifuged
(1,500 x g for 20 min) within 2 h. Plasma was decanted and samples were stored at -20
°C until analyses.

Hormone assays

Concentrations of plasma progesterone were quantified by radioimmunoassay
(Coat-a-count progesterone kit, Siemens medical solutions diagnostics.ngele#
CA;(Vizcarra et al., 1997). Concentrations of plasma cortisol was quantifiegl aist A
(Coat-a-count cortisol kit, Siemens medical solutions diagnostics., LoseSn@A).
Plasma samples were assayed at 200, 100, and fa® 3 different samples and
concentrations of cortisol were paralleled to the standard curve.

Ambient temperature measurements

Ambient temperatures were obtained from the mesonet (Mesonet, 2007) for the
Marena site, located 1.6 km south of the pasture where cows calved. Maximum and
minimum temperatures for the location were recorded.

Satistical analyses

The effect of temperature on duration of gestation and birth weight of calves were

analyzed as a randomized design using PROC MIXED in SAS (SAS inst., Ing., Car
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NC) with month as a fixed effect. Concentrations of progesterone and cortisasmepl
across days of gestation and days before parturition were analyzedeMRROC
MIXED for a randomized design with repeated measures over the same exyperimé
and included month as a fixed effect and cow was repeated within month. Duration of
gestation was calculated (PROC MIXED) for all cows and the effeabath on calving
was evaluated. Calf birth weights were analyzed using PROC MIXED $w@ih
month and sex included in the model and Ismeans were compared.
RESULTS

Cows that calved in August had a shorter gestation (275.2 £ 2.3 6,07)
compared with cows that calved in October (278.8 £ 1.4 d; table 2). Average maximum
ambient temperature for the last 14 d of gestation was greater for Aadiayy cows
(36.3 £ 4.5 °C, P <0.001) compared with October calving cows (25.2 = 7.0 °C). Birth
weights for August calves (36.7 £ 1.1 kg) were simikar=(0.87) to October calves (37.0
+ 1.3 kg; table 2). August cows had 10 bulls and 4 heifers and October cows had 6 bulls
and 4 heifers. August heifer had a shorter gestation (271.1 £ 1.4 d, P < 0.01) than
October heifers (280.5 + 2.1 d), but length of gestation was not difféen0(40) for
cows with bull calves in August (278.6 + 1.4 d) and October (277.0 + 1.8 d). Heifer
calves weighed less (34.1 £ 1.5 gz 0.005) at birth compared with bull calves (39.7 +
1.0) at birth.

Concentration of progesterone in plasma for cows from 10 to 1 d before

parturition were similar by day(= 0.54) for August and October calving cows (figure
1). Concentration of progesterone in plasma of all cows decreased (P < 0.001) from 10d

(5.5 + 0.6 ng/mL) before parturition to 1 d (1.8 + 0.4 ng/mL) before parturition. Average
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concentration of progesterone from 10 to 1 d before parturition tended to be greater in
August cows (4.9 £ 0.3 ng/mP,= 0.14) compared with October cows (4.2 + 0.3
ng/mL). Cows with bulls calves (4.3 + 0.3 ng/n.= 0.07) had a greater concentration
of progesterone in plasma from -4 to -1 d before parturition compared withwitws
heifer calves (3.2 + 0.40) in August and October. Concentration of progesterone in
plasma of cows were similaP & 0.66) during d 265 to 280 of gestation (figure 2).
Concentration of progesterone decreased (0.02) from 265 d (6.1 = 1.9 ng/mL) of
gestation to 280 d (2.8 + 1.0 ng/mL) of gestation in August and October cows. The
decrease in concentration of progesterone in plasma was sigwad.70) for August
and October cows from 265 to 280 d of gestation. Concentration of cortisol in plasma
from 1 to 4 d before parturition was greater (P < 0.05) for August cows (12.5+ 0.9
ng/mL) compared with October cows (9.5 = 1.0 ng/mL; figure 3). Concentration of
cortisol in plasma was similaP & 0.78) among August and October cows by d from 4 to
1 d before parturition. Concentration of cortisol in plasma from 268 to 280 d werer simila
(P = 0.84; figure 4) for August and October cows. Concentration of cortisol in plasma of
October cows tended to decreased (0.10) more from 268 to 280 d of gestation than
August calving cows (figure 4). There changed in concentration of cortisol by d was
similar (P = 0.26) between August and October cows.
DISCUSSION

Exposure of cows and ewes to elevated ambient temperatures influences
reproductive function. Heat stress during early embryonic development reduces
conceptus weight and may increase embryonic mortality (Biggers et&f., @rton et

al., 2007). During late gestation, heat stress can cause development of ehvarf la
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(Brown et al., 1977). Seasonal differences in birth weight of calves may $eltaofe
exposure of fall cows to elevated ambient temperatures (Kastner et al.,2004).
weights of calves in this study were similar for August and Octobes,dwowever there
were a greater number of bull calves born in August and this may have influeaced t
effect of season on duration of gestation and birth weight. Kastner et al., (2004) found
that August calves weighed less than October calves. When sheep were éxpose
elevated ambient temperature in late gestation, dwarf lambs occuréehgth of
gestation was less (Shelton and Huston, 1968). Heat stress may cause a tefathse i
muscle protein which may be caused by a decrease in uterine blood flow afetallter
metabolism (Dreiling et al., 1991). Decreased uterine blood flow due to heat siygess m
stress the fetus and initiate early parturition however additional obsisaneeded to test
this hypothesis.

Availability of nutrients to the fetus in late gestation may not influenize fe
functions as much as a deficiency in nutrients in early gestation. Rebstnigteent
intake by lambs during the first 30 d of gestation resulted in a shorterigedtait there
was no effect on duration of gestation or birth weight when nutrition was restricegd in |
gestation (Edwards and McMillen, 2002). Killen et al. (1989) found that nutrition
restriction in late gestation had no effect on estrogen or progesteronetcatice in
cows with a BCS of 5.5 before nutritional restriction. Therefore the changeagefor
guantity or quality in late summer and fall should not cause hormonal changes in a cow.
BCS of cows at calving influences birth weight (Richards et al., 1986). Effect of
nutrition was not a cause for shorter duration of gestation in this study becagsea@w

maintained at a BCS 4.5 year round and nutrients were not restricted during gestation.
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Fall calving cows in the present study all had single births, wemilkastype
(Angus x Hereford cross) and were all bred to 1 of 2 Angus bull to exclude effect of
breed, number of calves or sire. Cows were multiparus and 4 to 8 yr of age. There is no
age effect on duration of gestation for cows between 3 and 10 yr of age (Brdrett
Magee, 1965; Bourdon and Brinks, 1982). Therefore changes in duration of gestation or
hormones in late gestation should be due to month of calving with ambient temperature
being the major effect.

Collier et al. (1982b) observed that dairy cows with no shade during the last
trimester of gestation had greater concentrations of progesterone i gasmpared
with cows housed in shade. In our study, concentrations of progesterone werdrgyreate
August calving cows exposed to elevated ambient temperatures duringston
compared with October cows which calved during moderate temperatures. Cdiotentra
of progesterone in plasma start to decrease 7 to 10 d before parturition and rawa mini
on the day of parturition (Pope et al., 1969; Smith et al., 1973). Concentrations of
progesterone in plasma decreased similarly in August and October cawiadgrom 10
d before until the day of parturition when the lowest concentrations of progesterone in
plasma were observed.

Concentrations of cortisol in plasma of cows increase during exposure to @levate
temperatures (Christison and Johnson, 1972). Cows calving in August had greater
concentrations of cortisol in plasma during the last 4 d of gestation compared with
October calving cows. August cows were exposed to greater ambient tengseratur
during late gestation compared with October cows. The fetus releasssl ¢orinitiate

parturition (Smith et al., 1973). Cortisol causes the maturation of the lungs andvdigesti
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tract in the fetus (Trahair et al., 1987, Liggins, 1994). Boos et al. (2000) found that 10-20
% of maternal cortisol crossed the bovine placenta into the fetal circulatiorefdreer
maternal stress will probably not directly initiate parturition, but it cotufdugate the

fetus to produce more cortisol or act on the fetal hypothalamus or adrenal andaclguse e
maturation resulting in a shorter gestation. Another possible cause fatyarekemse of
cortisol could be an increase in fetal temperature resulting from hesg sicreasing

maternal body temperature. Monitoring fetal temperature duringeatatgn would be
necessary to test this hypothesis.

The duration and magnitude of heat stress, and the time during gestation when
heat stress occurs could influence mechanisms that cause a shortemgddeati@nisms
that cause shorter gestations have not been studied in beef cows. August cows which
were exposed to elevated ambient temperatures had higher concentrations of
progesterone -10 to -2 d before gestation indicating a hormonal response to elevated
ambient temperature. Cows under short term heat stress have higher coocsmtfat
cortisol for several hours compared with cows under heat stress for long petiioas of
which cause cows to make adjustments to regulate cortisol and heat loatig@hand
Johnson, 1972).

These results indicate that exposure to elevated ambient temperature alte
maternal hormones related to parturition. The increased concentrations ofgroogest
and cortisol in late gestation observed in August cows exposed to elevated ambient
temperatures may cause a shorter duration of gestation. The effectatddebmbient
temperatures during gestation and parturition in beef cattle is valuabl@ation for

producers with late summer and early fall calving herds. It is important tdiqars
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know the expected calving date in case the cow needs assistance during ¢alvtiney.
research is needed to understand the effects of elevated ambient temperatuenon rum

temperature in late gestation.
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Table 2. Influence of month of calving on duratiorof gestation and birth

weight of calves

August October
Bull Heifer Bull Heifer
Gestation, d 278.6 + T4 271.8+2.2 277.0+1.8 280521
(10¥° (4) (6) (4)
BW, kg 39.7+183 33.8+20 39.8+1.7 345+20
Temperature?C' 36.6 +4.8 252+7.0

2 Means in a row without a common superscript differ (P < 0.01)
¢4 Means in a row without a common superscript differ(0.005)

*Number of calves
" Average maximum temperature for last 14 d of gestation
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Figure 1. Concentrations of progesterone (ng/mL) in plasma of beeffraows
10 to -1 d before parturition in August and October. The group mean did not differ (P =
0.11) from -10 to the d before parturition. There was a decrease in concenttions

progesterone by day (P < 0.001). Month x day (P = 0.54). SEM = 0.6.
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Figure 2. Concentrations of progesterone (ng/mL) in plasma for Aagdst
October calving beef cows from 265 to 280 d of gestation. August and October cows had
similar concentrations of progesterone in plasma from 265 to 280 d of gestation (P =
0.66). Concentration of progesterone decreased (P = 0.02) as day of gestatiordincrease

Month x day (P = 0.70). SEM =1.2.
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Figure 3. Concentrations of cortisol (ng/mL) in plasma of beef cows -4to-1d
before parturition in August and October. Concentrations of cortisol were gfeater (
0.04) in August cows compared with October cows from -4 to the d before parturition.
Concentrations of cortisol in plasma were effected by day (P = 0.008). Momyh(R da

0.78). SEM = 2.0.
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Figure 4. Concentrations of cortisol (ng/mL) in plasma of August and October
calving beef cows from 268 to 280 d of gestation. Concentrations of cortisol in plasma
was similar (P = 0.84) from 268 to 280 d of gestation for August and October cows.
Concentrations of cortisol in plasma did not differ (P = 0.26) from 268 to 280 d of

gestation. Month x day (P = 0.10). SEM = 3.5.
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CHAPTER IV

RUMEN TEMPERATURE AT PARTURITION AND ESTRUS IN FALL

CALVING BEEF COWS.

ABSTRACT : Angus x Hereford cows (n = 27) were artificially inseminated to
calve in either mid August, late August, September or October to evaluaftetie ef
elevated ambient temperature on duration of gestation, rumen temperature @iopartur
and rumen temperature at estrus. Temperature boluses (SmartStock, adi@ppned
to transmit temperature every h were place in the rumen at 255 d of gestation. Cows
grazed native pastures in Oklahoma and had a body condition score of 6.5 + 0.4 at
calving. Maximum ambient temperatures during the week before the expeetad cal
date were greater for mid August (34.1 £ 2.3 °C) and late August (34.0 £ 2.7 °C, P <
0.001) compared with September (29.7 + 3.5 °C) and October (28.5 £ 2.7 °C) cows.
Duration of gestation was shorter for cows in mid August (274.7 £ 25d).05)
compared with October (278.8 + 3.1 d) cows, but did not differ from late August (277.0 £
2.5d,P = 0.29) and September (276.2 £ 3.Pd; 0.50) cows. Rumen temperature
during the week before calving was not influenced by month of cal?rgQ.84) and
averaged 38.8 + 0.3 °C for all months. Rumen temperature decreased 24 h prior to
parturition for cows in all months (P < 0.01). Concentrations of cortisol in plasma from
4to -1 d before parturition was less for late August (6.3 £ 5.7 ng/mL) compared with

mid August (10.8 £ 5.9 ng/mIE = 0.03) and October (12.5 + 4.7 ng/ni.= 0.003)
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cows, and similar with September (9.68 = 1B8&; 0.15) cows. Progesterone
concentration in plasma of cows did not differ between months from -7 to -1 d before
parturition P = 0.83). Concentration of estradiol in plasma of cows incredsed (
0.001) by day of gestation from 268 to 280 d of gestation. Concentration of estradiol in
plasma of cows were similar among montRs=(0.69) from -7 to -1 d before parturition.
Rumen temperature was greater during the first 8 h of estrus (38.7 £ 0.1 °C, P < 0.001)
compared with 16 to 24 h before (37.95 = 0.1 °C) and 16 to 24 hours after (37.99 £ 0.1
°C) the onset of estrus.

Concentration of progesterone and estradiol in plasma were not affected by
exposure to elevated ambient temperatures during late gestation. Cdiweafra
cortisol in plasma was decreased in late August cows that were expadedated
ambient temperature from 260 to 266 d of gestation compared to mid August, September,
and October cows. Exposure of beef cows to elevated ambient temperaturerresults
shorter gestations. Rumen temperature in cows decre@s@%C the d before
parturition. Rumen temperature in cows increas@s3°C at the onset of estrus
including the 8 h after onset and compared to the same daily h on the d before estrus.

INTRODUCTION

Exposure of cattle to elevated ambient temperatures reduces produdctivity a
reproductive performance. Average gestation of beef cows is 283.6 d, and can be
influenced by breed, genetics, number of calves, sex of calf, and environment (Cundiff et
al., 1998). Parturition is initiated by the calf; the fetal hypothalamus sscret
corticotrophin releasing hormone which causes the pituitary to releasmtrogthin, and

cortisol is secreted by the adrenal gland (Wagner et al., 1974). Increasedtcation of
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cortisol in the fetus influences the placenta and initiate a cascade ofieada@nts in
the cow, resulting in reduced progesterone secretion by the CL and/or plaueetssed
concentrations of estradiol, estrone and cortisol in plasma, and parturition éBdze
First, 1983). A decrease in body temperature may occur before parturition and may be
used to predict day of parturition in cows (Wrenn et al., 1958; Lammoglia et al., 1997a,;
Prado-Cooper et al., 2008). An increase in body temperature during the estrous cycle
may be associated with estrus in beef cows (Clapper et al., 1990; Rajamalzgrira
Taylor, 1991b). The objectives of this experiment were to determine the effect of
elevated ambient temperature on duration of gestation and maternal coramentati
progesterone, cortisol and estradiol and to evaluate changes in rumen tempéerature
parturition and estrus.

Materials and Methods

Angus x Hereford cows (n = 27), 4 to 8 yr of age, were stratified by age and
randomly assigned to four fall calving groups. Cows were synchronizedmwittieation
of prostaglandin (PGE, Lutalyse® 25 mg, Pfizer Animal Health). Cows were Al to one
of 2 angus bulls to calve in mid August (expected calving date Aug 22, n te7), la
August (expected calving date Aug 29, n = 6), September (expected calving date
September 9, n = 6) or October (expected calving date October 17, n = 8). @peds gr
native range pasture and were supplemented with 38% CP during the winter tomaaint
BCS > 4.5 + 0.5 (Wagner et al., 1988). Cows calved with a BCS of 6.0 £ 0.5 and calves
were weighed and bulls were castrated within 1 d of birth.

Temperature measurements
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Temperature bolusesvw.smartstock-usa.consmartStock, LLC) were placed

in the rumen of cows at 255 d of gestation and temperature was recorded by telemetry
Boluses were programmed to transmit rumen temperature every h which included hourly
temperatures for the previous 12 h. Three antennas were placed on the perirheter of t
calving pasture (3.2 ha)hich relayed the signal to an antenna at the barn. Data were
recorded with a computer. Ambient temperatures were recorded by medbeet a
Marena location about 6 km south of the calving pasture (Mesonet, 2007).

Rumen temperatures relative to estrus were averaged for 8 h periods atarting
the onset of estrus determined by Heat watch®. Rumen temperature duringf thé f
of estrus was compared with rumen temperature 24 to 32 h before and 24 to 32 h after the
onset estrus to calculate changes in rumen temperature at estrus. Cowmerith r
boluses were monitored from 2 d prior to expected estrus to 2 d after Al. Consumption of
cold water causes a decrease in rumen temperature to < 37.72 °C (unpublished data
OSU), and temperatures < 37.72 °C were excluded from analyses.

Plasma Samples

Blood samples were obtained every second day from 255 to 265 d of gestation,
and then daily until parturition. Samples were obtained by puncture of the coccygeal
vein into tubes containing EDTA and immediately put on ice. Samples werduggdri
2500 x g within 2 h and plasma was decanted. Plasma was stored at -20 °C until
analyzed.

Hormone assays

Concentration of progesterone in plasma was quantified by RIA (Coat-a-count

progesterone kit, Siemens Medical Solutions Diagnostics., Los Angeles,n@X)-land
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intrassay coefficients of variation were 4.7 % and 7.5 %, respectively, fanfesain

each of 4 assays. Interassay coefficient of variation is the differara sample

guantified in each assay. Intraassay coefficient of variation is tleeedi€e in a sample
guantified twice within an assay. Each assay included equal numbers of cowadiom e
month with all samples for a cow in the same assay. Concentrations of cortisginapl
were quantified using a solid phase RIA (Coat-a-count cortisol kit, SiemensdWedi
Solutions Diagnostics). Samples of cortisol were paralleled to the stanaaedwhen

25, 50, 100, and 200L of bovine plasma were analyzed. Inter- and intrassay
coefficients of variation were 15.9% and 14.1 %, respectively, for 2 samples inféach o
assays.

Estradiol MAIA assay kit (Biodata SpA, Montecelio, Italy) was used to
determine concentrations of estadiol in cows (Vizcarra et al., 1997). Ebwadio
extracted from 20QL of plasma with 2 mL of ethyl acetate (HPLC-UV Grade, Pharmco
Products Inc, Brookfield, CT), in capped 12 x 75 mm tubes by vortexing for 2 min, and
then allowing the sample to separate for 10 min. One mL of the solute wasrtezhiie
a 12 x 75 mm tube and air dried on a heating block at 37°C. Two hundred mL of
phosphate buffer (0.01 M, pH 7.0) was used to dissolve each sample. The first antibody
supplied in the assay kit was diluted 1:2 in phosphate buffer and the assay kit protocol
was used. Estradiol was extracted from 100 andu2Gff bovine plasma and
concentrations were parallel to the standard curve. Inter- and intraassagients of
variation were 9.1 and 29.2%, respectively, for 2 samples in each of 4 assays.

Estrus detection
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Cows were synchronized with an injection of prostaglandin ¢P&Etalyse 25

mg, Pfizer Animal Health) 84.6 + 21.7 d after calving and Al on either Dec 2 or Dec 13.

Heat Watcfi (Cowchips LLC, Denver, CO) was used to monitor onset of estrus. Onset of

estrus was defined as the first two mounts within a 4 h period. The end of estrus was

defined as the last mount received, with a mount 4 h before and no mounts during the

next 12 h (White et al., 2002). A pressure sensor and radio transmitter were placed in a

nylon patch which was attached on the tailhead with adhesive. Cows with patohes we

kept in 3.2 ha pasture within transmission range of the main antenna at the barn so data

could be downloaded and stored on a computer. Cows were Al 12 h after the onset of
estrus. Boluses were programmed to transmit rumen temperature evechhnghided
hourly temperatures for the previous 12 h.

Satistical analyses

The effects of calving month on maximum ambient temperature, duration of
gestation, rumen temperature, and birth weight were analyzed as a random@ed desi
using PROC MIXED procedure of SAS (SAS inst., Inc., Cary, NC) with monttein t
model as a fixed effect. Concentrations of progesterone, estradiol, and conpissima
across time were analyzed using the PROC MIXED procedure of SAS foramaed
design with repeated measures over the same experimental unit (cow) and included
month of calving as a fixed effect. Concentrations of estradiol in plasnea we
transformed to the natural log (x +1) for analysis because of heterygeheariation
(Steel et al., 1997). The relationship between progesterone and estradiol inpéasma
analyzed by a partial correlation correcting for day using PROC CARRS. The 72

h before parturition were divided into three 24 h periods to compare changes in rumen
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temperature, O (h of birth) to 24 h, 24.5 to 48 h, and 48.5 to 72 h before parturition.
Ambient temperature, day before parturition, and group were covarialigsRROC
MIXED in SAS and cow was repeated within group. A simple correlation wastose
determine relationships between rumen temperature and average ambierdttempea

the same day the week before parturition PROC CORR in SAS. Rumen temparature
estrus was averaged for first 8 h periods relative to the onset of estrusdk = 0)
determined by Heat Watch®. Eight h periods during 16 to 24 h before and 24 to 32 h
after onset of estrus were compared to the 8 h after onset of estrus usindviPRERL
Maximum rumen temperature was determined for each cow during estrusnapared
with the rumen temperature at onset of estrus to determine the relationshiprbiieve
increase in rumen temperature and onset of estrus. Cow was repeated in the imedel. C
square analysis (SAS) was used to determine the rate of false negativalsa

positives for change in rumen temperati@3 °C at parturition and estrus. Changes in
rumen temperature 0.3 °C during a period of time other than parturition or estrus were
identified as false positives. Changes in rumen temperatdu@ at parturition or estrus

were false negatives.

RESULTS
Duration of gestation was shorter for cows calving in mid August (274.7 + 1.4 d,
P = 0.05) compared with cows that calved in October (278.8 = 1.3 d), but did not differ
from late August (277.0 £ 1.5 d) or September (276.2 + 1.5 d, Table 3). There was no
effect of sire on month of calving or duration of gestati®r (0.23). Maximum mean

ambient temperature during the 7 d before parturition was greater for mid AB4ist
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2 °C) and late August (34.0 = 3 °C, P < 0.01) compared with September (29.7 £ 4 °C)
and October (28.5 + 3 °C; Table 3). Birth weight was simPar (0.57) for calves born
in mid August (37.9 + 2.2 kg), late August (37.4 + 1.7), September (36.0 + 1.8) and
October (39.3 + 1.4, Table 4). Sex of calf did not have an efeet(.19) on birth
weight. Bull calves had a birth weight of 38.9 + 1.5 kg and heifer calves had a birth
weight of 36.4 + 1.0 kg (Table 4).

Hormone analyses

Concentrations of progesterone in plasma were not influefced(83) by
calving groups during -7 to -1 d before parturition (figure 5). Concentrations
progesterone in plasma were less (P < 0.001) on the day before parturition cowigfare
the previous 6 d. Concentrations of progesterone in plasma were similar amapg g
from 272 to 277 d of gestatioR € 0.74; figure 6). There was a tendency for a group x
day effect on concentrations of cortisol in plasma during -4 to -1 d before fant(i=
0.07; figure 6). Late August cows tended to have less cortisol (8.4 + 5.1 rigamL,
0.09) in plasma the week before parturition compared with mid August (12.2 + 5.0
ng/mL), September (11.5 + 3.4 ng/mL) and October cows (13.0 + 4.9 ng/mL, figure 7).
Concentrations of cortisol in plasma did not differ among groups from 272 to 277 d of
gestation P = 0.75) and there was no group x day of gestation effect (P = 0.64; figure 8).
Estradiol in plasma was similar among groups(0.69) during d -7 to -1 before
parturition. Estradiol increased from 6 d (71.8 £ 18.3 pg/mL, P < 0.001) before to the 1 d
(108.6 + 18.2 pg/mL, figure 9) before parturition. Concentration of estradiol in plasma
increasedl = 0.001) by day of gestation from 268 (63.6 + 22.1 pg/mL) to 280 (127.0 +

22.2 pg/mL) d of gestation (figure 10). There was no group x day of gestationogffect
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concentration of estradiol in plasnfa£ 0.43). There was a partial negative correlation
(r = - 0.31) between concentrations of progesterone in plasma and conmesntrht
estradiol in plasma.

Rumen temperature at parturition

Calving group did not influence rumen temperature 3 d before partuttion (
0.22). Rumen temperature decreased 0.3 °C (P < 0.001) in cows in all groups the day
before parturition compared with 2 and 3 d before parturition (figure 11). At 2 d before
parturition mid August cows had a greater rumen temperature (38.929.2,03)
compared with October (38.4 =+ 0.1) and late August (38.7 #0-10.28) cows. Rumen
temperature of September (38.8 + RE 0.48) cows was not different from August or
October cows. Rumen temperature of mid August cows changed thd’lea@106)
from the 2 d before parturition (38.9 £ 0.2 °C) to the day before parturition (38.6 £ 0.1,
figure 12). Average daily maximum ambient temperature during 255 to 280 d of
gestation was greater in mid August (34.1 £°Z0P < 0.01) and late August (34.0 + 3.0
°C) compared with September (29.7 £ 90) and October (28.5 +&, figure 13).
Mean daily maximum ambient temperature the week before parturition was not
correlated P = 0.13) with rumen temperature. Rumen temperature was less (38.48 +
0.06 °C;P = 0.002) the day before parturition compared with -24.5 to 48 h (38.72
0.07°C) and 48.5to 72 h (38.80 £ 0.07°C) before parturition. Mid August cows had a
greater rumen temperature (38.94 £ 0A.6,0.04) during the total 72 hr period
compared with late August (38.59 + 0.09 °C), September (38.59 + 0.09 °C) and October
(38.55 + 0.09 °C, figure 13) cows. All calving groups had a sinflar 0.22) decrease

(P <0.001) in rumen temperatur from 3 d before to the d of parturition that was not
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affected by ambient temperatufe=£ 0.50). A decrease in rumen temperatufe3 from
d -2 to -1 before parturition occurred in 100% of mid August calving cows. Using this
same criterion parturition could have been predicted for 66% of September calvisag
and 40% of late August and October cows. October cows had a decrease of O3 °C fr
3 d before parturition to 2 d before parturition. This criterion held true in 50% of the mid
August cows, 33% of the September cows and 16% of the late August cows. Rumen
temperature decreased.3 °C in 7% of cows -4 to -10 d before parturition. A change in
rumen temperature 0.3 °C was observed in 38 % of cows from 2 d before to the d
before parturition.

Rumen temperature at estrus

Rumen temperature during the first 8 h after onset of estrus was gr&afet (3
0.1 °C, P <0.001) compared with the same 8 h (37.9 £ 0.1 °C) on the day before onset of
estrus and the same 8 h on the day after onset of estrus (37.9 + 0.1 °C; figure 14). Rumen
temperature was similaP & 0.88) on the day before and on the day after estrus was
detected. Ambient temperature did not afféct(0.83) the change in rumen
temperature at estrus. Estrus was detected by an increase of rumen teaip€rdt°C
in 83.3% of the cows (Table 5). An increase in rumen temperature during estrus did not
occur in 6.0% of cows. An increase in rumen temperat@.8°C when cows were not
estrus was observed in 11.1% of cows. Maximum rumen temperatures during estrus
occurred within 3 h before or after the onset of estrus (figure 15).

DISCUSSION
Mid August calving cows had a shorter gestation compared with October cows,

while late August and September cows were intermediate in gestation edmpér mid
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August and October. Kastner et al., (2004) found that cows calving in August had a
shorter duration of gestation and calves weighed less compared with cowsvithirca
October in Oklahoma. Selk et al., (1990) observed that fall calves weighed lefis at bir
compared with spring calves but duration of gestation was similar for sprirfgland
calving cows. Cows in Kastner’s study calved in the month of August and cows'i Sel
study calved in September and October over a six week period. Cows that calved in
August were exposed to increased ambient temperatures during lategesiae
October calving cows experienced moderate ambient temperatures durgestateon
(Mesonet, 2007). Feed intake and feed efficiency decrease during hegMadssand
Davis, 2004). Heat stress can cause a decrease in birth weight (Calliel882b).
Decreased feed intake during times of heat stress may be the caeseeatdd birth
weights in fall calves. Mid August cows were exposed to maximum ambient
temperatures > 38 from 269 to 275 d of gestation and had a shorter gestation than
October calving cows which were not exposed to maximum ambient temperaBies
in late gestation. Late August cows were exposed to these same ambientttesgpasa
mid August calving cows, earlier in gestation, from 260 to 266 d and had a duration of
gestation that was intermediate between Mid August and October cows. The fimge dur
late gestation when elevated ambient temperature can shorten gestatem26att of
gestation based on these results. The duration of exposure to elevated tenspgerature
cause a decrease in duration of gestation may be as much as a week depending on how
extreme temperatures are during the late gestation.

Progesterone, estradiol, and cortisol were similar for all groups. This irdicate

that a hormonal change in the cow due to exposure to elevated ambient temperatures is
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not the cause for shorter gestation. Parturition is initiated by the fetutheitelease of
ACTH from the pituitary. Cortisol is then produced and secreted from the fe¢alahdr
gland. Cortisol acts on the placenta and crosses into the maternal systera vdsz@de

of hormonal events begins (Smith et al., 1973; Wagner et al., 1974). Concentrations of
cortisol in plasma of the cow increased the day of parturition (Smith et al., H@@8¢on

et al., 1976). An increase in concentration of cortisol was not observed in the present
study because cows were only sampled once a day. The increase in cortisolaarttze pl
of the cow at parturition is increased for 12 hr due to the act of labor and then
concentration of cortisol in the plasma return to basal concentrations (Hudson et al.,
1976). Concentrations of cortisol are increased due to stress (Christison and Johnson,
1972). Exposure to elevated ambient temperatures could potentially cause an ofcrease
cortisol in the fetus in addition to the cow. Cows that calved in late August have less
cortisol in plasma from -7 to -1 d before parturition compared with the mid August,
September and October cows. Late August cows were exposed to ambierdtig@pe

> 35 °C from d 260 to 266 the cows had time become accustom to the heat stress and
concentrations in cortisol were then lower during the following days. This ilastm

results in a study by Christison et al., (1972) which demonstrated that cows exposed t
elevated ambient temperature for a short time become accustomed to the esrvironm
and have lower concentrations in cortisol in plasma than cows exposed to the same
environmental conditions for 7 to 10 wks. Concentrations of progesterone in plasma can
also be increased by a stressful environment during gestation (Willdrd2805).

Cows in the present study did not have elevated concentrations of progesterone due to

exposure to elevated ambient temperatures. There was a decrease inattrcentr
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progesterone in plasma from -7 to -1 d before parturition. Concentrations of prageste

in plasma decrease at parturition due to decreased production by the placenta and CL
(Smith et al., 1973; Wagner et al., 1974). Concentrations of estradiol in plasma hcrease
at parturition in all fall calving cows from -7 to -1 d before parturition. dé&ns are
produced by the placenta in response to cortisol at parturition (Smith et al., 1973). The
hormonal changes at parturition were similar for all fall calving groupsrdéess of

duration of gestation or exposure to elevated ambient temperatures.

Rumen temperature was greater in mid August cows on the day befordiparturi
compared with the late August, September and October cows. Mid August crevs we
exposed to ambient temperatures above 35 °C from 269 to 275 d of gestation which
resulted in a shorter gestation for the cows. The change in rumen tempdrature a
parturition could be used to predict time of parturition. A decrease of rumen tein@erat
> 0.3 °C could have been used to successfully predicted in 57.9% of fall calving cows. A
decrease in body temperature at calving has been observed (Wrenn et aSai@ay
et al., 1988; Lammoglia et al., 1997a; Prado-Cooper et al., 2008). The decrease in body
temperature may be due to the decrease in progesterone relative to pariiréion ét
al., 1958). Lammoglia et al., (1997a) did not find a relationship between sex hormones
and the decrease in body temperature at parturition when measuring tanepasae
flank of the cow. Temperature must be measured frequently to get an accurate
measurement for a cow throughout the day. Prado- Cooper et al., (2008) measuned rume
temperature every 15 min near the time of parturition and observed a decreasenin rum

temperature 0.3 °C the day before parturition in spring calving cows. Rumen
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temperature decreased at parturition in all fall calving groups and coulédéoysredict
the day of parturition.

When estrus was synchronized in early December, cows had an increasenin rume
temperature 0.3 °C for an average of 8 h at the onset of estrus. Heat Watch ® was used
to determine the onset of estrus so that all mounts were recorded throughaat the tr
period without the need for human observation. Clapper et al. (1990) found a similar
increase in vaginal temperature by taking temperature measurevenytsieur vaginal
temperature was elevated for approximately 8 h. In the current study runperaame
at estrus was averaged for 8 h periods and compared with the same daily h 24 h before
and after the onset of estrus. This model was able to predict onset of estrus for 83.3% of
cows. Rumen temperatures at estrus averaged over a 16 h period and compared with a 16
h period the previous day predictability decreased to 38.2%. Similarly if a 1600 peri
starting 8 h before onset of estrus and ending 8 h after estrus was comparedn@ the sa
daily h on the day before and after estrus predictability decreased to 42.1%setiVan
estrus prediction model with 8 h periods. Duration of estrus in cows is about 16 h and
ovulation occurs about 16 h after estrus (White et al., 2002b). Rumen temperature was
elevated for 7.5 h in this study. Redden et al. (1993b) found that vaginal temperature was
elevated for 6.8 £ 4.6 h at estrus. Clapper et al. (1990) determined that the elevation in
vaginal temperature at estrus was 8.14 + 3.5 h. The maximum temperature observed
during estrus was determined to be within 4 h of onset of estrus (Clapper et al., 1990).
Rectal and vaginal maximum temperatures are related to onset of estrus butatairovul
(Rajamahendran and Taylor, 1991b). Cows that ovulated without estrus also had an

increase in body temperature (Zartman and Dealba, 1982b). Estrus is adsuthase
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increase in physical activity for cows in estrus and other cows mountnog®sows,

and this could cause false positives (Pennington et al., 1986). The increase in body
temperature due to participating in estrous activity is a short term secaeal is not as
elevated or prolonged as cows in estrus (Walton and King, 1986b). False positives
should be greatly reduced by averaging periods of time during the day and cgmpari
them to the same daily hours on the previous day. The physical activity should not
increase the period of time enough to significantly increase body tempeaatlir

simulate estrus, but a small percentage of false positive may persiseénRoluses

provide a non-invasive, frequent measurement of core body temperature. The
SmartStock bolus system could be programmed to analyze temperature data ingperiods
time and compare period between days giving an accurate prediction fafr day

parturition and onset of estrus. In addition animal health, water and feed intake could be

monitored to provide a complete portrait of bovine reproduction and production.
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Table 3. Effect of ambient temperature the last twaveeks of

gestation on duration of gestation in fall calvingoeef cows

Calving Gestation, d Max Ambient
Month Temp, °C
Mid August 2747+ 14 34.1+0.8
Late August 277.0+1% 34.0+0.8
September 276.2 + 1°5 29.7+0.8
October 278.8+1%3 28.5+0.6

abMeans without a common superscript differ (P 5P.0

“> Means without a common superscript differ (P <19.0
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Table 4. Birth weight and sex of calves born in midAugust, late August,
September and October

Month Birth weight Bulls® Heifers
Mid August 83.4+49 1 6
Late August 82.3+3.7 3 3
September 79.3+3.9 2 4

October 86.4+3.2 4 4

#Birth weight was similar for all months (P = 0.57).

® Birth weight was similar (P = 0.19) for bull andifee calves.
2%\onth x sex (P = 0.22)
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Figure 5. Concentration of progesterone (ng/mL) in plasma -7 to -1 d before
parturition in fall calving beef cows from mid August, late August, Sepésrand
October. Concentration of progesterone in plasma was similar (P = 0.83)non#hs
from -7 to the day before calving. There was a decrease (P = 0.01) in progesterone f

7 to the d before calving. Month x day (P = 0.19). SEM =0.9.
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Figure 6. Concentration of progesterone (ng/mL) in plasma during d 272 to 277 of
gestation for cows calving in mid August, late August, September, eioth€d.

Concentration of progesterone in plasma was similar (P = 0.73) for all group8#m

to 277 d of gestation. Month x day (P = 0.56). SEM = 1.5.
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Figure 7. Concentrations of cortisol (ng/mL) in plasma from -7 to -1 d before
parturition for cows calving in mid August, late August, September and Qctobe
Concentrations of cortisol in plasma tended to be less (P = 0.07) in late August cows
compared with mid August, September, and October cows. Concentrations of cortisol in
plasma did not differ (P = 0.67) from -7 to the d before parturition for all months. Month

x day (P = 0.27). SEM = 2.1.
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Figure 8. Concentrations of cortisol (ng/mL) in plasma during 272 to 277 d of
gestation for cows calving in mid August, late August, September, eioth€d.
Concentrations of cortisol tended to be less (P = 0.06) in late August cows comiplared w
mid August, September, and October cows. There was no effect (P = 0.50) of day of
concentrations of cortisol from 272 to 277 d of gestation. Month x day (P = 0.64). SEM

=2.9.
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Figure 9. Concentrations of estradiol (pg/mL) in plasma during -7 to -1 debefor
parturition for cows calving in mid August, late August, September, and Qctobe
Concentrations of estradiol in plasma were similar (P = 0.47) for all monthsrtom
the d before calving. Concentrations of estradiol in plasma increased (P = 60801 f

to the d before calving. Month x day (P = 0.25). SEM = 22.5.
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Figure 10. Concentrataions of estadiol (pg/mL) in plasma during 268 to 280 d of
gestation in cows calving in mid August, late August, September, and October.
Concentrations of estradiol in plasma were similar (P = 0.95) in all months from 268 to
280 d of gestation. There was an increase (P = 0.001) in concentrations of estradiol in

plasma from 268 to 280 d of gestation. Month x day (P = 0.47). SEM = 28.0.
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Figure 11. Rumen temperature for fall calving beef cows -3 to -1 d before
parturition. Rumen temperature decreased (P < 0.001) the d before parturition dompare

with -3 and -2 d before calving. SEM =0.1.
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Figure 12. Rumen temperature -3 to -1 d before parturition for mid Augest, lat
August, September and October calving beef cows. Rumen temperatursetb(Rea
0.001) by d from -3 to the d before parturition in all months. A, b Rumen temperature
was greater (P = 0.01) in mid August cows on 1 and 2 d before parturition compared to
October cows. Rumen temperature for late August and September cows was

intermediate. Month x day (P = 0.51). SEM =0.1.
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Figure 13. Maximum ambient temperature during 256 to 280 d of gestation for

mid August, late August, September and October calving beef cows.
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Figure 14. Rumen temperature 16 to 24 h before onset of estrus, during the first 8

h after onset, and at 24 to 32 h after the onset of estrus.

61



Table 5. Prediction of estrus using a change in men temperature> 0.3
°C at the onset of estruscompared with the same daily hours 24 h
before the onset of estrus

Prediction for estrus n Percentage of cows
predicted correctly

Rumen temp change0.3 °C 15/18 83.3

Rumen temp> 0.3 °C change 2/18 11.1

when cow was anestrus

Rumen temp change0.3 °C at 1/18 6.0

estrus

®8 h period from onset of estrus was compared to same daily hr on the day before onset of
estrus.
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Watch®.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Elevated ambient temperature during late gestation shorten durationatiogest
in beef cows. Changes in concentration of progesterone and estradiol in plasma we
similar preceding parturition for cows with short gestations compared to tlhibsa w
normal duration of gestation. Maternal concentration of cortisol increased due to
exposure to elevated ambient temperatures in the first study but not the secpnd stud
This suggests that calves are still the initiator of parturition despitrées on the cow
and an increase in cortisol due to exposure to elevated ambient temperatcnessed
body temperature of cows may stress calves and initiate release sxflceatiy or
maternal cortisol released due to heat stress may be cross the @acenfiuence
developmental changes and alter initiation of parturition. A decrease in rumen
temperature 0.3°C occurs in fall calving cows regardless of the ambient temperature in
late gestation. The day of parturition can be predicted based on a decreasein rume
temperature 24 h before parturition. Rumen temperature at estrus inera3eS in
beef cows and this can be used to predict estrus. Production costs could be dectieased wi
accurate prediction of onset of estrus for Al. Cattlemen could reduce eatfueso
dystocia with an accurate prediction of the day of parturition. This reseanddgs
evidence that change in rumen temperature can be used to predict both estrus and

parturition.
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