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Abstract: Reproduction in bovine is affected by several different factors. These factors explain some of the
variations observed in the reproductive efficiency of animals. Several comprehensive studies were conducted to
assess the incidence of twinning at birth in various dairy and beef cattle breeds. In this manner, many environ-
mental and genetic factors affecting reproductive system have been studied quite extensively. Even if the natural
incidence of multiple births in cattle is very low, some variations on the twinning rate can be observed due to the
influence of breed differences, the effects of feeding and management systems and also the effects of some envi-
ronmental sources such as a parity, an age of cow, a season of the year and a geographic location of raised ani-
mals. Thus, the main purpose of this review is to emphasize and explain the physiological mechanisms regulat-
ing multiple ovulations in cattle and also some of the important factors affecting multiple births positively or
negatively on the cow production system.

Key Words: Double ovulations, follicular development, twin calving, risk factors, parity and seasonal effect,
breed difference.

Coklu Ovulasyonlarin Fizyolojik Mekanizmalar: ve Sigirlarda ikiz Yavru Oranlarim
Etkileyen Faktorler

Ozet: Biiyiik bas hayvanlarda iireme ¢ok gesitli faktorlerden etkilenmektedir. Bu faktorler hayvanlarm iireme
performansinda gozlenen bazi varyasyonu agiklar niteliktedir. Dogumda ikizlik goriilme sikligin1 degerlendir-
mek i¢in kapsamli bir¢ok ¢aligma, siit ve et irki biiyiikbas hayvanlarda yapilmistir. Bu anlamda, sigirlarda tireme
sistemi iizerine etkili pek ¢ok cevresel ve genetik faktdrler oldukca genis bir sekilde ele alinmistir. Sigirlarda
coklu dogumun goriilme orani ¢ok diisiik olsa bile, ik farkliliklari, besleme ve yonetim sistemleri ve bunun
yaninda dogum sirasi, ana yast, yilin mevsimi ve yetistirilen hayvanin cografik konumu gibi degisik ¢evre fak-
torleri de ikiz dogum orami iizerine etkili bazi varyasyonun goriilmesine neden olabilmektedir. Dolayisiyla, bu
derlemenin amac1 sigirlarda ¢oklu ovulasyonu diizenleyen fizyolojik mekanizmay1 ve ayni zamanda bilyiikbas
hayvan yetistiriciliginde ¢oklu dogumu olumlu ya da olumsuz yonde etkileyen bazi dnemli faktorleri vurgulamak
ve agiklamaktir.

Anahtar Kelimeler: Cift ovulasyon, folikiiler gelisim, ikiz buzagilama, risk faktorleri, dogum siras1 ve mevsim-
sel etkiler, 1k farklilig:.

' Uludag University, Faculty of Veterinary Medicine, Department of Genetics, Bursa,

ocobanoglu@uludag.edu.tr



74

Introduction

Reproductive performance of cattle is a
major determinant for efficient meat and milk
production. Therefore, the reproduction of ani-
mals greatly influences net income of the beef
producers in a cow-calf operation. However, the
reproductive performance of cows will necessi-
tate a better understanding of the physiological
mechanisms and also environmental effects
controlling the developmental processes of the
ovarian follicle, a gestation period after fertili-
zation and a calving performance of cows in
post-natal period. In this review, the physiologi-
cal mechanisms of multiple ovulations espe-
cially for double ovulation cases and mainly the
breed differences and some of the environ-
mental factors influencing twin births signifi-
cantly in cattle breeding were discussed in de-
tails.

Physiological Mechanisms of Twinning

Dynamics of Follicular Growth

Cattle are primarily a monotocous species
which are able to produce a few hundred thou-
sand primordial follicles at the beginning of
puberty. However, practically less than 1% of
these follicles will grow and be ovulatory in late
stages of development due to atresia. Follicu-
logenesis, which is the complex process of
forming ovulatory follicles among the group of
primordial follicles on the ovaries, causes the
changes in morphological characteristics of the
ovary during the normal estrus cycle. Rajakoski
proposed the first model in which the ovarian
follicular growth in cattle takes place in a wave-
like pattern®. Many researchers reported that
each cycle usually involves two or three
waves™®. Application of transrectal ultrasound
technology has facilitated understanding of the
pattern of follicular waves during the estrous
cycle. Firstly, Pierson and Ginther observed
individual follicular development during the
cycle by using this technology®. After that,
several studies were conducted to investigate
these developmental stages of the cycle in farm
animals, especially intensive studies in sheep
and cattle breeds**’. Specifically, primiparous
and multiparous dairy cows display a two-wave
cycle most of the time, in contrast to nulliparous
dairy heifers, 2-2.5 years of age, which have
three-wave cycles. After puberty, all of the pri-
mordial follicles have equal opportunity to be-
come a mature follicle. But one of them is even-

tually selected to be dominant and thereby ca-
pable of becoming ovulatory among the group
of follicles within each follicular wave*. All of
the others unfortunately will degenerate during
the normal estrous cycle. Studies proving that
the developmental processes of follicles within
a follicular wave are highly variable among
waves were observed by Wiltbank and his col-
leagues™. In general, follicles are categorized as
dominant and subordinate. The follicle that has
the largest size in diameter is typically the
dominant or mature follicle of the wave and the
subordinate follicles are ones that belonged to
the same group of follicles from which the
dominant follicle came from®’. The day when a
follicular wave is first detectable determines the
day when an initial observation of the dominant
follicle can be made retrospectively'®.

A first follicular wave emerges when the
follicles are 4-5 mm in diameter at approxi-
mately the day of ovulation. Subsequently, a
second ovulatory wave can be detected about 9
or 10 days later””. But a high progesterone con-
centration prevents the first dominant follicle to
continue for becoming a mature one since the
corpus luteum has not regressed yet. Thus, the
first dominant follicle cannot be functional and
ovulatory. Subsequently, a second ovulatory
wave can be observed. The dominant follicle
from this wave is able to continue for growing
and ovulating during the time of corpora lutea
(CL) regression. In addition, a third source of
the ovulatory follicle becomes apparent on day
16 after ovulation in some cattle due to the re-
gression of the second dominant follicle during
luteolysis. Even if each wave contains simulta-
neous emergence of a cohort of follicles, usually
one of them, sometimes two, become dominant
follicle(s) and all of the others ultimately be-
come subordinates. A single oocyte is released
from the dominant follicle due to either natu-
rally occurring or artificially induced ovula-
tions. On the other hand, subordinate follicles
begin to regress after a short growing phase'>'.

From individual to individual, it was real-
ized that the size of follicles at the time of ovu-
lation is highly different. Dairy heifers that
show two-wave cycles have a follicle at the
diameter of 16.5 mm in ovulation. However,
follicle size is smaller (13.9 mm) in heifers with
three-wave cycles"”. Similarly, Sartori et al.
reported the size of the ovulatory follicles (14.8
mm) in Holstein heifers. But the observed folli-
cle size was a little bit larger (17.4 mm) in the
case of lactating dairy cows" .



Most follicular waves occur in cycling
cattle. However there are some reports that fol-
licular waves also happen in anovulatory cir-
cumstances such as before puberty'' and after
puberty®. In addition to that, calves with two
months of age display follicular waves''. Beef
and dairy cattle have follicular waves before
onset of cyclicity’>*. Moreover, there are some
reports showing the emergence of follicular
waves occurred during pregnancy. But the size
of dominant follicles declines from 15.7 mm in
diameter in the first wave to 13.1 mm in the
second wave during pregnancy'’. Near the end
of pregnancy it reduces to 8.5 mm'’. In a recent
study using Holstein cows with twin and single
conceptions by ultrasonography, it was dis-
played that the number of CL was related in
negative way with both embryonic loss and
abortive conception during twin calving preg-
nancy of cows™". In general, it can be concluded
that the emergence of the follicular wave either
in ovulatory or anovulatory circumstances oc-
curs and regulates the physiological functions of
the ovary in cattle. Furthermore, some other
factors, such as dietary intake, age, parity, and
lactation status of animals might influence the
number of waves during an estrous cycle.

Regulation of Ovarian Follicular
Development

Changes in ovary morphology are ob-
served during normal estrous cycles in dairy
cattle. The functions of the ovary are controlled
by the cyclic pituitary gonadotropic hormones,
which are stimulated by gonadotropin releasing
hormone (GnRH) from the hypothalamus. Spe-
cifically, the patterns of follicular growth are
closely associated with a surge in circulating
gonadotrophin hormones'. Especially, a high
level of circulating follicle-stimulating hormone
(FSH) is needed at both first and second onset
of the follicular waves. Moreover, selection of
the dominant follicle depends upon a drop in
FSH level. Wiltbank et al. suggested that FSH
has two surges, which are difficult to distinguish
from each other during the time close to onset
of estrous®. But it is clear that GnRH and LH
surges, which play critical roles in ovulation,
are encouraged by the first FSH surge. The se-
lected dominant follicle is activated to grow by
increasing LH concentration and eventually
ovulates. A second surge in FSH level is the
trigger for the arising of the first wave. After
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selection of the dominant follicle, subordinate
follicles regress due to a low level of FSH.

A reduced expression of the growth hor-
mone/insuline-like growth factor-1 (IGF-1)
binding protein is also necessary to continue the
development of the dominant follicle at a low
level of FSH concentration®. IGF-1 also plays
an important role by regulating the process of
ovarian follicular growth. Studies showed that
IGF-1 level in follicular fluid were enhanced as
the size of the follicle was larger in diameter. In
addition, progesterone concentration is posi-
tively correlated with IGF-1 level in follicular
fluid across follicles®. Echternkamp et al. stud-
ied whether selection for twin calving was caus-
ing a change in concentrations of IGF-1, proges-
terone, and estradiol within peripheral blood
and IGF-1 and progesterone levels in the ovar-
ian follicular fluid. They observed that twin
bearing cows had a larger number of follicles (>
4 mm) and 47 % higher IGF-1 concentration in
peripheral blood than those of unselected (con-
trol) cows. Moreover, cows selected for high
twinning rate had a higher concentration of
IGF-1 in the two largest follicles than those of
control cows (327 = 28 vs. 243 + 29 ng/ml;
respectively. They indicated that increasing
IGF-1 level in both peripheral blood and follicu-
lar fluid is closely related to a naturally occur-
ring incidence of twinning in cattle’. Develop-
ment of more than single ovarian follicles at the
same time in twin-bearing cows is possibly due
to the prevented regression of the dominant
follicle caused by increased level of IGF-1.
Therefore, IGF-1 may play a critical role in not
only the regulation of the stages of the follicu-
logenesis but also in the genetic basis of multi-
ple ovulations in cattle.

Incidence of Double Ovulations

In rare situations, synchronous emergence
of two follicles happens and both of them are
selected to take the place of dominant follicles
among the several follicles in the follicular
wave. Ultimately two oocytes are released from
co-dominant follicles at the end of ovulation
due to either natural stimulation or artificial
inducements. Therefore, twins, or triplets in rare
situations, will be a reality if all subsequent
events occur in a normal way for both oocytes
from fertilization to parturition. Ovulation of
two follicles occur either from the same ovary at
the same time or each follicle from a separate
ovary’’. Simultaneous production of two oo-
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cytes from different follicles were observed due
to the evidence of two CL on ovaries of cattle
selected for twinning at the USDA - Meat Ani-
mal Research Center (MARC) in Nebraska®.
Also, research about follicular development
during the estrous cycle in twin-calving cows
indicated that double and triple ovulations occur
simultaneously from different ovulatory folli-
cles of the same follicular wave rather than ovu-
lation of single mature follicles from two con-
secutive waves’. In addition, growth hormone
and nutritional treatments greatly influence a
multiovulation response of an individual®®. Silva
del Rio et al. recently indicated that the cysts in
ovary and lack of CL possibly increased the
incidence of double ovulations during preg-
nancy. Also the ovulations of two follicles si-
multaneously caused to increase days of milk
among the pregnant animals™.

Some of the Factors Affecting Twin
Calving Frequency in Cattle

The Effect of Breed Differences

Multiple births; mostly twinning are natu-
ral characteristics in some species. This may be
a highly desirable trait, which indicates an in-
creased reproductive capacity of an animal.
However, in a uniparaous species, like a cow,
multiple births occur rarely. It was well docu-
mented that there was a considerable variability
in a frequency not just only among dairy or beef
breeds®*, but also for families within herds, and
offspring of sires within breeds™. However
Hewitt stated that twin births in cattle breeding
are most frequent compared with quadruplets or
triplet births™. Johansson et al. found an aver-
age twinning frequencies of 1.9% in dairy, and
0.45% 1in Finnish and Swedish beef breeds,
which could be explained partly by different
sources of data”. However, some of the varia-
tion in the incidence of twinning was observed
due to the effect of real breed differences as
well as some environmental factors. Many other
studies reported similar findings in terms of
estimating twinning incidence range on account
of breed differences'*****. Another long-term
research study was begun in the early 1930’s to
select Angus cattle for multiple birth. Over 25
years of data collection, the frequency of multi-
ple calves was 1.71% in this herd®. Researchers
were not able to compare the estimated fre-
quency since there was no control herd estab-
lished in the beginning. Relatively few reports
on twinning rates in beef cattle were published

in the literature in early 20" century. In 1920,
Jones and Rouse calculated twinning frequency
of 0.41 and 0.45% in American Hereford and
Aberdeen-Angus breeds, respectively'’. Accord-
ing to Hendy and Bowman, these estimates
seem to be such a low prediction. One reason
could be that females born twin to males would
rarely be registered due to freemartinism. High
mortality rate among twins could be another
reason. Lush worked with Holstein cows at the
Kansas Experiment Station and reported that the
frequency of twinning in the Holstein breed
(8.84%) was five times higher than the other
dairy cows in the station®. It was obvious that
some of the families gave multiple births which
means that a certain sire contributed highly for
the production of twins. Hewitt conducted a
study with the Red Poll breed; 26 out of 1260
births were recorded as twins, which was 2.5%.
Six out of 200 Friesian births were also re-
corded as twin births (3%)20. In 1957, Meadow
and Lush summarized twin births among dairy
cattle in the USA. They reported the lowest
twinning rate of 1.31% in Jersey, and the high-
est twinning frequency of 8.85% in Brown
Swiss™*. Their calculation for Brown Swiss was
less reliable for the general twinning tendency
since the observed number of births was very
low (305) relative to the others. Their estimation
for twinning frequency was 3.08% of the total
of 10,885 births. Overall, their findings sup-
ported the indications of differences between
dairy cattle breeds. Over 7300 calvings in Hol-
stein-Friesian herds covering a 30-year period
acquired by Erb and Morrison’, a multiple birth
rate of 4. 58% was observed, which was a little
bit higher than Meadow and Lush’s calculation
in two years ago. Two of 338 multiple birth
were triplets. Erb et al. also reported a similar
rate (4.2%) in a large Holstein-Friesian herd'’.
Additionally, contributions of sire and dam, in
addition to breed factors, to multiple births (es-
pecially, to the twinning tendency) were notice-
able.

Twinning rates for a variety of cattle
breeds have been estimated and categorized by
breed and country differences. In a review of
twinning incidence in different cattle breeds,
Hendy and Bowman reported estimates of the
twinning incidence for American Holstein-
Friesian ranged from 1.92 to 5.02%. Overall
twinning rates of beef and dairy breeds, how-
ever, were found between 0.34 and 4.50%".
Likewise, Gilmore’s summary reported a 1.04%
average twinning rate in dairy breeds, with the



lowest mean rate of 1.18% in Jersey'*. Even
though breed differences play important roles
on twinning, it could be confounded by location
and country differences. Rutledge summarized
extensive field data from American dairy and
beef breeds, most of European dairy breeds, and
even a few Bos Indicus and buffalos*. His esti-
mation for twinning rate was 0.4 to 1.1 % for
beef breeds such as Angus, Hereford, and
Shorthorn and 1.3 to 8.9% for dairy breeds;
such as Holstein, Jersey, and Brown Swiss.
Unlike the lower twinning frequency reported
for beef breeds, in general by Rutledge®, twin-
ning rates for Charolais were estimated at least
2% higher than traditional British beef breeds
by Johansson et al.”. In general, twinning rate
was found to be mostly higher in breeds of dairy
cattle than beef cattle". Also, small sized cattle
breeds tended to have twins at lower fre-
quency™.

Twinning rate differs widely between
herds within breed. Nielen et al. studied twin-
ning on Dutch dairy farms. They estimated
3.2% for overall incidence of multiple births
from over 11,500 calvings record with a range
of 0.0 through 7.11% among herds. However,
they did not find a statistically significant dif-
ference between Dutch Friesians and Holstein
Friesian crossbreds®. Similarly, data from 260
North American dairy farms displayed a mean
twinning rate of 2.44%; twinning ranged among
herds from 0.0 to 9.6%°. Morris and Day re-
ported that a Milking Shorthorn herd was found
to have high rates of double ovulation (32%)
and twinning (6%) among eight breed groups,
including Friesian, Angus, Simmental, Charo-
lais, and their crosses. They also reported simi-
lar findings about ovulation rates obtained from
Friesian herds with high twinning rate. From
data on a sample of the Swedish Friesian breed,
the mean twinning rate was estimated as
2.57%".

Several studies displayed that Holstein-
Friesian had the highest twinning frequency in
dairy cattle. Twinning rate for purebred Hol-
stein was 4.75% in North America from about
24,000 calving data examined®. In contrast,
Jersey was the lowest breed in terms of twin-
ning rate (1.83%). Similarly, from about 8,500
calving records on Israeli Holstein herds, the
twinning rate was 5.84%, which was slightly
over the national average of 4.7% from 1984 to
1985%. This increment was most probably due
to selection for higher yield and intensive feed-
ing management. In another study including
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5300 cows’ records from 14 Holstein farms in
California, twinning rate was 6.86%°. On the
other hand, among breeds, such as Ayrshire,
Friesian, and Finncattle, Finncattle had more
twinning incidence (4.33%) than the others. But
the number of calving records evaluated for this
breed was lower than the other breeds’'. Ayr-
shires had over 1.35 million calving records
with 2.38% twin births. Likewise, in a report
using over 1.3 million records in North Ameri-
can Holsteins from 1994 to 1998, Johanson et
al. calculated a twinning rate of 5.02%>. There
has been an obvious trend of more twin births in
several cattle breeds, especially in Holstein.
Also twinning rate was reported to be 10 to 15%
in some Holstein herds, depending on the man-
agement and feeding systems". A recent esti-
mation about a type of twin calving displayed
that a monozygotic twinning was very rare
among Holstein pregnant cows, thus most of
twin pregnancies observed in Holstein cows
were in dizygotic nature’’. On the other hand,
the evaluation of twinning rates in other dairy
breeds is not feasible since the recorded twin-
ning incidences for these breeds are not enough
to make such a good assessment. Therefore, a
large number of calving records are definitely
necessary to evaluate the twinning tendency
accurately.

Environmental Effects on Twin Calving
Frequency in Cattle

Many studies showed that part of the
variation in twinning rate must also be due to
some environmental factors including parity,
age of the dam, and also a season of the
year'”*®. Age and parity of dam affect twin calv-
ing significantly and they are highly correlated
environmental causes'’.

Effects of Parity and Age of Dam

In general, an increase in twinning rate
was observed between first parity and second
parity in heifers. Twin pregnancies continue to
rise during subsequent parities but to a lesser
degree. Johansson et al. reported a rise in the
frequency of multiple births up to 5 years of
age, which was followed by a slower increase in
the frequency up to 10 or 11 years of age and
then remained constant in subsequent calvings
in Scandinavian breeds of cattle”. Likewise,
Pfau et al. studied Holstein-Friesians in an ex-
perimental herd. Results were tabulated where
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age of dam was expressed as a number of partu-
ritions. Twinning rate was low at the beginning
(0.74%), after that it dramatically increased
(5.03%) with age from second parity, then it
leveled at fifth through seventh parities (7.79,
9.80, and 7.32%, respectively). After seventh
parturition, it started again to decline (4.35%)"".
Even if Hewitt displayed no consistency in the
rate of twinning with increasing parity, it was
more probably due to the differences in the
number of calving cows at various ages”’. Calv-
ing data from cows sired by Norwegian Red
sires showed a twinning rate of 6.7% in parity 1,
of 9.2% in parity 2, and of 8.6% in later pari-
ties’®. Erb and Morrison worked with Holstein
data covering a 30 year period and found a sig-
nificant parity effect on twinning rate of 1.3%
for heifers and 4.4% for second calving cows’.
They also observed that twinning rate was con-
sistently increased up to 7.1% from second to
tenth parities even if it was not found statisti-
cally significant. After 10 years of age, cows
had a reduction in twinning frequency. Bar-
Anan and Bowman worked with Israeli-Friesian
herds. They demonstrated twinning incidence of
0.7 and 5.4% in heifers and cows, respectively
in large herds, however, observed twinning rates
were 0.7 and 3.5% for those kinds of animals,
respectively in small herds®. The high twinning
rate might be due to the high level of feeding,
milk yield, and intensive management system.

Johansson and colleagues summarized
calving records from different cattle breeds and
published important breed and parity, and age of
dam effects on the frequency of both monozy-
gous and fraternal twin rates. Twinning tendency
was enhanced 4-5 times from first to subsequent
calving. Also, the increase in dizygotic twin
frequency was much higher than the increase in
monozygotic twinning rate from the fifth and
later parities™. It seems that monozygotic twin
rate does not depend on parity. On the other
hand, the parity effect on twinning rate is most
likely due to the increased fraternal twin fre-
quency and enhanced double ovulation rates.
Therefore, even if some studies have shown that
increased uterine capacity of the dam might be
the probable reason of increased the incidence
of twin calving®, other studies have indicated
that increased rate of ovulation is one of the
critical factors related to the parity effect on
twinning frequency®. Fricke and Wiltbank also
studied cows in lactation and showed enhanced
multiple ovulation tendencies along with parity
and the age of dam'?.

Cady and Van Vleck worked with U.S.
Holstein cattle and observed a significant in-
crease in twinning rate as parity and cow’s age
increased’. Frequencies were 1.05% for first
parity to 6.18% for third and later parities,
which was in agreement with Markusfeld’s
findings in the Israeli-Holstein population®.
Cady and Van Vleck, on the other hand, did not
observe a significant contribution of some fac-
tors, such as a month of birth and size of dam
measured in different parities’. Nielen et al.
reported that cows, which had twin births in
previous parities, were more likely to give mul-
tiple births again in subsequent calving sea-
sons*’. Moreover, Maijala and Osva conducted
a study with Finnish Ayrshire and Friesian cat-
tle and found the frequency of twinning from
first to second parities and from second to third
parities increased about 2% and 1%, respec-
tively’'. Second and third parity twinning rates
of Israeli-Holstein cows were analyzed by linear
and threshold models; twinning rates were 4.8
and 6.9% for the second and third parities, re-
spectively®. In this population, first parity re-
cords were deleted because of the low incidence
of twinning. Ryan and Boland studied Holstein-
Friesian cows in dry climate conditions and
reported increasing twinning rate from 1% at
first calving to 8% for all the subsequent
calvings. They observed a similar twinning rate
(7-7.8%) at second through fourth calving sea-
sons; the greatest frequency (9.1%) was ob-
tained in ninth parity*. However, twinning rates
in the first and second parities were found very
low in New Zealand twinning herd by Morris®’.
The reason might be that young cows have dif-
ficulty maintaining a twin pregnancy and thus
usually abort the fetuses. Twinning rates in-
creased rapidly up to 5 years of age and it con-
tinued to rise slowly up to 10 or 11 years of age.

The reason for parity effects on incidence
of multiple births are still not completely clari-
fied, but what could be possibly happening is
that older dams have more chance to have more
incidence of double ovulation physiologically
and have more ability to support developmental
of twin calves throughout the pregnancy. In-
deed, Rutledge stated that older cows have a
tendency to calve more twins than younger
counterparts*®. Moreover, he argued that the
incidence of the multiple births is probably un-
derestimated due to the higher culling rate at
certain ages of cows.

Data was collected from the Maine-Anjou
breed between 1972 and 1990 in French beef



herds®®. A consistent increase in twin calving
rate across parities was detected. Moreover,
twinning frequency of cows was almost twice
the frequency in heifers. The difference between
parities obviously reflects the importance of this
factor on twinning. Kinsel and colleagues used
over 50,000 lactation records over a 10-year
period from 260 dairy farms in North America.
They stated that the rate of twinning increased
as the parity of the cow increased from 1.0% for
first lactation to more than 4.1% for cows in
their fifth or higher lactations®®. However, they
did not find any significant association between
twinning and the season of conception, which is
consistent with the findings of Eddy et al.* but
in contrast to the report by Nielen et al.*’. Simi-
larly, Syrstad worked with Norwegian dairy
cattle and reported twinning rates of 0.46% for
first parity and 3.57% for fifth parity’’. Karlsen
and colleagues also demonstrated a positive
upward trend in overall twinning frequency
from the first parity (0.6%) through fourth par-
ity (4.0%) in the Norwegian cattle population®.
Likewise, Johanson et al. reported a tendency of
increasing twinning rate from the first to second
parity; 1.63 and 5.22%, respectively™. In recent
studies with North American Holstein® and
Iranian Holstein?' cows were also indicated that
calving season and parity of cow were impor-
tant factors which highly related with twin calv-
ing incidence during pregnancy.

Other factors, such as milk yield, could
be confounded with the effect of cow’s age and
parity on twinning rate and could help to under-
stand variability of twin birth ratio caused by
parity and the age of dam.

The Effect of Season of the Year

Differences in twinning rate between
calving seasons have also been reported. Sev-
eral studies have shown the effect of season on
twinning rate; however, some others have failed
to prove such an effect.

Peak twinning rate of 0.5% was observed
for cows conceiving in the fall season and low-
est frequency (0.3%) in the spring season®’.
Johansson et al. also reported a seasonal influ-
ence on the frequency of twinning. A high peak
frequency was observed in June and a lower
peak in December and January in the Scandina-
vian breeds™. Likewise, Ryan and Boland re-
ported a highly significant season effect on per-
centage of twin births within all calving seasons
(second to fifth parities) except for those in first
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parity™. The reason could be a reduced photo-
period and an improved feeding in the fall sea-
son. A relatively small increase in twinning
frequency during the summer (especially, June
and July) was also reported by Cady and Van
Vleck®. This could also be due to a better feed-
ing in autumn. Moreover, Johansson and col-
leagues reported the relation of twin frequencies
with conception period in Danish and Swedish
dairy cows. They reported a twinning rate be-
tween 0.5-1.36% in September — November
periods, and 0.39-0.70% in December — May. In
addition, they observed high twin frequencies of
2.85% and 3.19% in May and October — De-
cember, respectively at the fourth parity in
German breeds of cows®. Therefore, they re-
ported a maximum rate of twinning in spring as
well as autumn conception periods. According
to Ryan and Boland, higher mortality rate in hot
months, compared with cool months, could be
the major reason of observed high twinning
incidence™.

Hendy and Bowman reviewed several
studies in terms of environmental effects on
twinning frequency of cattle. They reported
seasonal variation in twinning from different
studies even if some of them have not been
statistically significant'’. For example, in stud-
ies conducted in Australia®, there was no sig-
nificant variation between monthly twinning
rates due to season of the year. The reason could
be the prevailing mild climate in that region.
Ryan and Boland reported twinning rate was
observed at the peak level of 9.3% for second
parity and averaged 13.1% for later parities in
May through June months. On the other hand,
twinning rate was detected at the lowest level of
3.9% for parity 2 and averaged 4.1% in later
parities between January and February™®.
Rutledge reviewed the effect of season on twin-
ning rate. He concluded that twinning rate was
high in fall (2.2%) and at spring (1.9%) but it
was low in winter and summer (1.5%)*. How-
ever, some researchers did not evaluate the sea-
sonal effect on twinning tendency due to lack of
collected records on it. Other factors, such as
feeding management, nutrition level, light pe-
riod and temperature are most probably impor-
tant sources that are triggers for the effect of
season on twinning incidence.

From the Dutch cattle population, Nielen
and colleagues found that season had a signifi-
cant role on twinning percentage. The odds ratio
of multiple births in April through September
was 1.3, as compared with a period from Octo-
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ber through March®’. In the MARC twinning
population Gregory et al. reported greater twin-
ning frequency (1.13) in the fall season, com-
pared with spring (1.06)'®. According to Schillo
and colleagues, photoperiod could have an ef-
fect on twin births®’. A study with Norwegian
cattle breeds also demonstrated a seasonal effect
related with twinning. They showed a peak in
March for cows in second parity, which was
more probably due to the turn out on pasture in
June in Norway®.

Twinning rate was also slightly influ-
enced by seasonal effect with a trend toward
more multiple births during the spring® or au-
tumn months'® in North American dairy popula-
tions. On the other hand, Kinsel et al. studied
North American Dairy farms and were not able
to find a significant relationship between season
and twinning rate’®. Eddy et al. also could not
report statistically important seasonal effects®.
However, Johanson et al., studying North
American Holsteins, reported a seasonal effect
that was higher on twinning rate (5.88%) in
April through June and October to December
(4.23%).

Even though an increased chance of twin
births in summer season could be related with
decreased photoperiod and temperature and
increased intensive feeding and management in
fall seasons, further research would be needed
to confirm the effects of the factors causing
seasonal changes in twinning frequencies.

Conclusion

It is obvious that a complete understand-
ing of the complex process of follicular growth
during estrus cycle and the development of oo-
cytes will certainly improve the knowledge to
maximize and control the efficiency of repro-
duction in livestock species, especially the exis-
tence of dizygotic twinning since the fertiliza-
tion of more than one oocyte after ovulation will
be the main reason of multiple births. On the
other hands, several studies indicated that many
genetic and environmental factors, specifically
age and parity of dams, season of calving period
and also breed differences mostly affects twin
calving rates importantly in dairy and beef cow
production systems.
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