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The event of giving birth is an essential part of animal production. In dairy cattle production, there are substantial economical and welfare-related challenges arising around the
time of parturition, and hence increased focus on efficient management of the calving
cow. Drawing on the research literature on prepartum maternal behavior, this review
compares cattle to other members of the ungulate clade with the aim of understanding
the biological basis of bovine prepartum behavior with main emphasis on dairy cows.
Ultimately, this knowledge may be used in future development of housing systems and
recommendations for the management of calving cows. Maternal prepartum behavior
varies among species, but the final goal of ungulate mothers is the same: ensuring a calm
parturition and optimal environment for the onset of postpartum maternal behavior by
locating an appropriate birth site, with low risk of predators, disturbances and mistaken
identity of offspring. Features of chosen birth sites vary among species and depend
largely on the environment, as ungulate females display a considerable ability to adapt to
their surroundings. However, within commercial housing conditions in dairy production,
the animals’ ability to adapt behaviorally appears to be challenged. Confinement alongside high stocking densities leave little room to express birth-site selection behavior,
posing a high risk of agonistic social behavior, disturbances, and mismothering, as
well as exposure to olfactory cues influencing both prepartum and postpartum maternal behavior. Dairy cows are thus exposed to several factors in a commercial calving
environment, which may thwart their maternal motivations and influence their behavior.
In addition, prepartum cattle may be more affected by olfactory cues than other ungulate
species (e.g., sheep) because they are attracted to birth fluids already before calving.
Hence, providing dairy cows with an environment where they can perform the maternal
behavior they are motivated for, may aid a calm and secure calving and provide optimal surroundings for postpartum maternal behavior. Future research should focus on
designing motivation-based housing systems allowing freedom to express prepartum
maternal behavior and investigate in more detail the effects of the environment on the
welfare of calving cows and their offspring.
Keywords: behavioral plasticity, birth place, cattle, isolation seeking, maternal behavior, motivation, olfaction,
parturition
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INTRODUCTION

with few (or preferably no) complications. This will further
safeguard strong and healthy calves, as well as healthier and
more productive cows with low morbidity (Figure 1). Indeed,
post-calving success is likely to be dependent on the pre-calving
success, which emphasizes the need for appropriate prepartum
maternal behavior.
A small body of literature has shed light on the prepartum
maternal behavior of the cow, although mainly under production conditions [e.g., Ref. (8, 9)] and only to a lesser extent
under semi-natural conditions [e.g., Ref. (3, 10) further details
Table 1]. To date, there are only few studies on the prepartum
maternal behavior of feral cattle [Maremma cattle (11), Masai
cattle (12), Chillingham cattle (13), and Camargue cattle (14)]
and these were all carried out several decades ago. This may seem
surprising as no less than four articles over the last 40 years have
pointed out the need for more comparative studies of ancestral
and domestic behavior in cattle (15–18). Given that the ancestor
of cattle, the Auroch, has been extinct for centuries (19) and
the number of feral cattle herds are very limited (Table 1), one
potential approach to understanding the biology underlying
prepartum maternal behavior of domesticated cattle, is by comparison with other ungulate species. Studies of feral cattle may be
more likely in the future with the advent of conservation grazing
[e.g., Ref. (20)], giving more opportunity to observe prepartum
behavior under natural or low-managed conditions.
This review draws on literature from feral and commercial
cattle breeds and investigates similarities and dissimilarities to
other members of the ungulate clade. With the main emphasis
on dairy cows, our aim was to understand the biological basis of
prepartum behavior of feral cattle to improve the understanding
of motivations underlying and mechanisms causing the behavior
seen in domestic cattle today. In the future, this knowledge may
benefit the dairy industry and lead to better-adapted housing
system designs and recommendations for better prepartum
management practice, which improves both efficiency and animal welfare.

The event of giving birth is an essential part of animal production. There are substantial economical and welfare-related challenges arising around the time of parturition, and commercial
animal production have developed an extensive body of recommendations for housing and managing parturient females.
In beef and dairy production, successful management of the
calving cow aims to ensure a viable calf with no detrimental
effects for the cow. In addition, a smooth transition from dry
to lactating is important for dairy cows. To achieve these goals,
recommendations state that careful supervision during calving
and timely intervention is crucial. Hence, calving cows should
be kept in a way that enables the farmer to identify cows in
need of assistance. Recent guidelines suggest that cows should
calve in individual pens [e.g., by law in Denmark (1) and in
The Canadian Dairy Code of Practice (2)] partly based on the
finding that cows increase the distance to the herd before calving if they have the opportunity (3). These guidelines appear
to be well suited to the behavior of parturient cows, but the
motivation underlying this behavior is not known. Are the cows
motivated to move away from the herd to avoid other cows, to
hide from disturbances in general, or are they attempting to
hide from specific threats? If the causal factors underlying the
prepartum behavior of parturient cows are not understood, is it
then certain that aspects of animal welfare related to behavioral
needs and highly motivated behavior are accounted for when
cows are kept in individual pens at calving? Keeping cows in
individual pens benefit the farmers—and by extension health
aspects of dairy cow welfare—due to easier calving supervision
and assistance when needed, but does it also satisfy maternal
motivation of the cows?
The survival and development of mammalian young depends
largely on a strong mother–offspring relationship. The clade
Ungulata includes mainly precocial species giving birth to welldeveloped offspring, capable of moving on their own shortly after
birth (4). To protect their vigorous offspring, ungulate mothers
exhibit complex behavioral patterns starting in late pregnancy
and continuing through parturition and lactation (5). This differs substantially from the normal adult female behavior and
functions to provide the young with sufficient nutrition, warmth,
protection, comfort, and opportunities for social transmission
of information [as reviewed in Ref. (6)]. In the domesticated
species, reproductive success has a huge impact on productivity,
and thus scientific focus has been mainly on successful parturition and subsequent lactation, and far less on the period leading
up to parturition. Both beef and dairy cattle production rely on
the cows’ ability to reproduce, but it is only in beef cattle production that farmers depend on the ability of the cow to establish
a strong and long-lasting bond to her calf, providing it with
nutrition and protection until weaning (7). Dairy production
is based on the cow’s ability to produce milk after removal of
the newborn calf (7), and thus selection for maternal behavior
in dairy cows may have been relaxed compared with beef cattle
due to the reduced need for post-calving maternal investment.
However, this does not take into account the inevitable need for
prepartum maternal behavior aiming to ensure smooth calvings
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WHY ISOLATE?
Many ungulate studies have reported that a proportion of the
females are “hiding,” “isolating,” “being secluded,” or “seeking
away” from the herd or from other “threats” around the time of
parturition. The term “isolation seeking” is commonly used in
such studies, but what is termed isolation in one species may differ from what is termed isolation in other species. Irrespectively,
the term “isolation seeking” is used to indicate the purpose of the
behavior: to hide and seclude the female from disturbances (arising from various threats), thus allowing her to give birth in a calm
place, where she subsequently is able to nurse and bond with her
young. However, as isolation seeking in one ungulate species may
differ from that of other species, the comparison of different ways
to achieve the same goal is relevant, especially as the underlying
motivations of females of different species may or may not be
the same. In the following, isolation behavior is discussed in the
context of causality, whereas the hider/follower paradigm is dealt
with in Section “The Hider/Follower Paradigm,” although some
overlap is unavoidable.
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Figure 1 | The impact of the prepartum search for and selection of an appropriate birth site. Prepartum success depends on the female’s ability to locate an
appropriate birth site to ensure and safeguard a calm parturition and optimal surroundings for postpartum maternal behavior by lowering the risk of predators,
disturbances, and mistaken identity of offspring. This, in turn, increases the chance of postpartum success.

In sheep, Dwyer and Lawrence (50) suggested that birth-site
selection (termed “isolation seeking”) varies with increasing
degree of domestication. Wild and feral breeds of sheep such as
mouflons, Soay, Dall, and bighorn are observed to move away
from the herd to rocky and secluded areas (51–55), hence they
may not distance themselves from the herd, but seek cover, or
a combination of the two. Domesticated breeds such as Merino
sheep also distance themselves from the herd, but only when
the environment offers a degree of elevation or topographical
change, otherwise the ewes give birth within the herd (56). This
may be influenced by artificial selection for more sociability in
the domestic breeds (50), but is evidently also affected by the
environment (see The Hider/Follower Paradigm).
So far, some ungulate studies have sought to explain prepartum isolation seeking behavior of females, and noted that
the characteristics of the birth site itself may be less important
than the ability to move away from disturbances (57). An
example of this can be seen in wild Thomson’s gazelles (58):
Roberts and Rubenstein showed that if a herd caught up with
a parturient female, the newborn fawns were usually killed by
jackals, presumably due to the group being too conspicuous. In
such cases, being disturbed by the herd can have fatal consequences, and since disturbances during parturition were much
more common for non-isolating than for isolating females, the
hiding aspect of the isolation seeking behavior appears important for the survival of the offspring in this species. Yet, other
Frontiers in Veterinary Science | www.frontiersin.org

studies indicate that fallow deer dams adapt their maternal
behavior to the prevailing predator pressure, which even may
supersede forage availability (59). This is a sensible priority as a
predator is an acute survival threat as opposed to lack of food,
which may be tolerated in the short term. Another example
of prepartum isolation comes from breeds of domestic sheep,
which move to the edges of their enclosure to lamb, thought to
be caused by disturbances arising from human activity (50).
Likewise, indoor-housed domestic sheep will use a cubicle
at lambing when given the opportunity (60, 61). In addition,
when disturbed by human activity in the area, elk dams will
change their movement pattern, especially if disturbed during
calving season (62). Assuming that wild ungulate dams perceive humans as predators, such behavioral flexibility, may have
originated from sensitivity to predator pressure (58). Avoiding
predators by hiding is an adaptive behavior as it reduces the
risk of having the offspring killed and these behaviors may thus
be preserved in domestic species. Hence, isolation may be a
means to avoid disturbances in general, but more specifically
avoid predators or other immediate threats. Irrespectively,
in a commercial livestock production environment, where
females are surrounded by herd mates, hiding will often be difficult, especially if human activity and other disturbances are
frequent. More work is needed to examine whether domestic
females are aiming to avoid threats, and whether disturbance
may cause artificial isolation opportunities to be less attractive
3
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Table 1 | Overview of observations within studies of maternal behavior in cattle with main emphasis on prepartum behavior.
Feral cattle

Pasture-kept cattle

Cattle housed in intensive commercial
environment (mainly indoors)

Vegetative/visual cover

Differs with habitath,k

Differs with habitatE
Mainly visual coverA

No clear preference19

Provides cover from disturbances

Not studied

Yes, from herd membersA

Calving when quiet in the barn1,5,21
Higher stocking density results in lower
“isolation seeking”17

Distance to herd

Leave the herd but no
defined distancee,g,h,i
10–380 m away from the herdd

Leave the herd but no
defined distanceG

Not studied

Separation from herd

Yesa,c, e,g,h,i,j
Only some cows dob,d,f

YesA,C,E
Only some cows doF
NoB,D,H

Yes4,16
Only some cows do6
Yes, but depends on calving difficulty19

Restlessness

Yesd

YesA,C,F

Yes1,3,4,10,12,21
Varies with calving difficulty2,19

Increased walking/searching

Yesd

YesC,F

Lying time

Not studied

Unchanged

Increased transition from standing
to lying and vice versa

Yesd

YesA,C,G

Yes1,2,3,8,10,12,13,14,15,19,22

Increased sniffing/exploration

Not studied

Not studied

Yes1,14,19,22
No2

Increased tail raising

Not studied

YesC,F

Yes2,11,12,13,14

Licking own body and attention
toward abdomen

Yesd

YesC

Yes1,10,12,22
No11

Scraping or pawing the ground

Yesd

YesC

Yes1,22

Less feeding behavior

Yes

Not studied

Yes10,12,13,14

Reduced rumination

Not studied

Not studied

Yes1,3,7

Licking of own birth fluids

Yesd

YesA,C,F

Yes1,12,14,18,20,22

Calving at own birth fluid spot

Not studied

Yes

Yes18,20

Mismothering

Not observed

Interest and sniffing from
other cows during calving

Noj
Yesf
Only from cows close to calving
themselvesd

Features of the birth site

Prepartum behavioral changes

d

Yes1,7,12,13,14,19,22
G

Lower on the day of calving10,15
Higher 8 h before calving3

A role of olfaction

j

A,C

Yes
Not observedG

Yes6,9,19

YesA,B,F
NoG

Yes6,9,15,18,19

A,B,F

The table includes 41 studies separated into the categories: feral (n = 11), pasture-kept (n = 8), and intensive commercial cattle mainly housed indoors (n = 22). Aspects of and
behaviors related to three different subjects (features of the birth site, prepartum behavioral changes, and the role of olfaction) are listed. Numbers and characters in superscript
indicate the corresponding reference listed at the bottom of the table, with the number in brackets after each reference indicating the order in the reference list. ‘Not studied’
refers to the authors being unable to find any literature on this specific aspect.
References: aBaskin and Stepanov (21); bFinger et al. (22); cHall (13); dKiley-Worthington and de la Plain (23); eLent (4); fLidfors and Jensen (24); gReinhardt (25); hReinhardt et al. (12);
i
Schloeth (14); jVitale et al. (11); AAitken et al. (26); BEdwards (27); CGeorge and Barger (10); DLidfors (28); ELidfors et al. (3); FOwens et al. (29); GRice et al. (30); HWood-Gush et al.
(31); 1Arthur (32); 2Barrier et al. (33); 3Borchers et al. (34); 4Dufty (35); 5Edwards (36); 6Edwards and Broom (16); 7Houwing et al. (17); 8Huzzey et al. (37); 9Illmann and Špinka (38);
10
Jensen (8); 11Lange et al. (39); 12Metz and Metz (40); 13Miedema et al. (41); 14Miedema et al. (42); 15Proudfoot et al. (43); 16Proudfoot et al. (44); 17Proudfoot et al. (45); 18Rørvang
et al. (46); 19Rørvang et al. (47); 20Selman et al. (48); 21von Keyserlingk and Weary (49); 22Wehrend et al. (9).

[as suggested by Rørvang et al. (63)]. The level of disturbances
can be high in commercial environments (i.e., from humans
and conspecifics), and the use of an artificial hide by the cow
may reduce her perceived ability to escape a potential threat;
hence, some artificial hides may not provide an attractive
birth site.

Frontiers in Veterinary Science | www.frontiersin.org

Another adaptive aspect underlying isolation is a reduced
risk of mismothering, i.e., cows licking and nursing calves that
are not their own offspring. The immediate licking and sniffing
of the young by the dam are part of the typical behavioral repertoire of ungulates enabling the mother to learn the odor and
features of her young for later recognition, thereby ensuring that

4

March 2018 | Volume 5 | Article 45

Rørvang et al.

Bovine Prepartum Behavior

her parental investment is directed toward her own offspring
(54, 64). Several studies in domestic cattle have shown that
group housed peri-parturient cows may lick alien calves, i.e.,
calves born from other cows [e.g., Ref. (27)] and cross-fostering
(i.e., when a cow adopts an alien calf by allowing it to suckle) has
also been reported [e.g., Ref. (65)]. However, observations from
feral cattle herds indicate that cows rarely nurse or lick alien
calves [Maremma cattle (11), Masai Cattle (12)]. The feral cow
and calf may develop a stronger mother–offspring bond, which
is established through intensive contact during a sensitive period
just after parturition [potentially just a few hours after calving
(4, 49)]. This bond may be established quicker in an undisturbed
calving environment, which may not be available for domestic
cows in a group pen. Calving in a group pen leads to an increased
risk of mismothering and failure to obtain colostrum by the
calf, thereby challenging the transfer of immunity via colostrum intake (27, 38). One reason for the observed mismatches
between dairy cows and alien calves may be a weakening of the
maternal motivation in dairy breeds. Even though dairy cow
maternal behavior may have been modified by genetic change,
studies from other domesticated animals [e.g., nest building in
pigs (66, 67) and mice (68)] suggest that maternal behavior is
preserved despite domestication. Although we cannot exclude
that the occurrence of mismothering reported by studies on
dairy cattle to some extent is affected by genetic change, a more
likely influential factor is disturbances caused by the confined
environment. Taken together, the above comparison of prepartum maternal behavior of female ungulates suggest that the
behavior described as isolation seeking may be an expression of
birth-site selection; functioning to safeguard a calm and secure
birth process by avoiding threats and disturbances potentially
posing a risk to the survival of the female and the newborn in
terms of predation and mismothering whilst at the same time
ensuring suckling, bonding, and protection (Figure 1).

from the herd, whereas calving happened within the herd when
visual isolation was not possible. Roberts and Rubenstein (58)
found that Thomson’s gazelle females spent considerable time
searching for a suitable place to give birth (sometimes traveling
more than a kilometer) and mainly gave birth in tall grass
away from the herd. However, the authors observed that a herd
would occasionally catch up with the parturient female, negating the effects of cover availability by their presence. For other
ungulates, clear topographical birth-site preferences have been
found. Feral goats appear to prefer birth sites protected by an
overhead or vertical cover, e.g., trees or hedges (73). Domestic
sheep are known to predominantly give birth on slopes and in
depressions in the ground or areas close to hedges and walls
(74, 75), whereas mountain sheep are attracted to high, rocky
areas with cliffs (51, 76). Other species, such as red and fallow
deer (59, 77, 78), pronghorn (79), elk (80), wild mouflon sheep
(52), and moose (81), favor thick vegetative cover providing
visual isolation from conspecifics. For these species, further
studies are needed to ascertain if such preferences are expressions of motivation to isolate in terms of distance from the herd
or to hide from the herd as well as other disturbances including
predators. Cattle do not appear to show clear preferences for
specific birth-site types, even though a few studies on dairy
cows have tried, without success, to elucidate what features are
favored (27, 47). Across studies of bovine birth-site selection, the
presence of vegetative cover may play a role (3, 11, 24, 26) for
the occurrence of isolation behavior.

DOES SEPARATION DISTANCE
FROM THE HERD MATTER?
One important aspect of birth-site selection is the physical distance the parturient female moves away from the herd. In many
ungulate species, parturient females distance themselves from
the herd [zebra (82); sable antelope (83); bison (72); elk (80);
pronghorn (79); horse (84); red deer (77, 85); impala (86); goat
(87); various wild sheep breeds (51, 53, 76, 88, 89)], although the
exact distance moved by the females has received only modest
attention. The only mention of this was by Karsch et al. (76),
who found that parturient ewes of wild breeds moved more than
2 km away from the herd. Many studies included distance from
the herd as part of the definition of isolation when studying
prepartum behavior of females, but only rarely noted the actual
distance. For example, Kiley-Worthington and de la Plain (23)
observed free-ranging cattle and noted that isolation seeking
was rare even though they did not include a definition of the
term other than observing cows moving 10–380 m away from
the herd. The authors also noted that the herd sometimes moved
with the pre-parturient cows, thereby reducing the distance
between them, similar to the findings by Roberts and Rubenstein
in Thomson’s gazelles (58). Another study by Flörcke and
Grandin (90) found that red angus beef cows moved 25–1,250 m
away from the main herd when calving and the authors further
noted that 88% moved more than 100 m away. One complicating
aspect of distance between the parturient female and potential
threats or disturbances in her environment is the interaction

WHAT ARE THE PROPERTIES OF
AN APPROPRIATE BIRTH SITE?
Natural selection favors mothers that display behavior and habitat selection to enhance neonatal survival (59, 69, 70). Hence,
in a variable environment, natural selection will favor mothers
that are able to modulate and adapt their maternal behavior
including habitat selection to the prevailing circumstances. This
ability to adapt is evident in an array of maternal behaviors. For
example, if ungulates are kept in environments with few options
to search actively for an appropriate birth site, the searching
behavior displayed by the females may be less pronounced. Due
to the scarcity of dairy cow studies on these issues, this section
will draw predominately on findings from other ungulate species. Fouda et al. (71) reported that zoo-kept sika deer, a species
known to hide their offspring in nature, gave birth within the
herd. The authors concluded that this behavior resulted from
the lack of suitable sites where a fawn could be hidden. Lott
and Galland (72) saw some isolation seeking in American
pasture-kept bison. They stated that the bison gave birth away
from the herd when vegetative cover offered visual isolation
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between the distance and the possibility to hide. For example,
when ungulates live in flat and barren environments, hiding
the offspring becomes difficult irrespective of the maintained
distance to threats/disturbances. Blank et al. (91) found that for
goitered gazelles in a habitat without vegetative cover, where the
mothers were unable to visually hide their offspring, distance
between mothers and offspring became crucial for the mother
not to attract predators to the young. As the mother was unable
to visually hide the offspring, she increased the distance to the
offspring, seemingly to compensate for the lack of vegetative
cover. This was shown in pronghorn mothers living on mixedgrass prairies, where the mothers separated themselves on average 269 m from the young (92). In other words, these mothers
distanced themselves to where the young was hiding when cover
was deficient indicating that the increased distance was motivated by protection of offspring from predators. Unfortunately,
no data are available for domesticated ungulates kept under
natural conditions, but the above findings suggest that cover
is an important part of birth-site selection, and that parturient
females only relocate long distances in situations where physical
cover is limited.
Although isolation, hiding, seclusion, and seeking away
can all be part of prepartum behavior of ungulates, it may be
more appropriate to use “birth-site selection” to describe the
ultimate (functional) causation of the behavior observed. Female
ungulates appear to favor birth sites providing protection from
predators as well as conspecifics, and the preferences of the dams
seem largely to depend on the environment. During the selection
of a birth site, physical cover may be an important factor, but
in situations where such cover is limited, distance from the herd
may become increasingly important.

hider characteristics of goats were lost through domestication
or maternal behavior changed when the animals were kept in a
different environment. Later, studies of goat behavior showed that
domestic goats do separate themselves from herd mates before
kidding (95). Also, their rather complex hider behavior appears
to be largely genetic, making it a highly motivated behavior and
thus less prone to evolutionary dilution (96), even though it may
be influenced by environmental factors.
Feral populations of ancient cattle breeds living in large
and non-managed nature reserves may provide insight into
the maternal behavior of non-domesticated cattle. Cows from
African and Camargue cattle herds have been observed leaving
the herd days or hours before parturition (4, 12, 14, 25). Calves
of Chillingham cattle hide after birth (97), whereas calves of
Maremma cattle exhibit both hiding and following behavior in
the early weeks of life depending on the availability of cover (11).
Similarly, studies in domestic cattle seem to support the above
suggestion of a lack of a strict hider/follower dichotomy. There
are reports of cattle seeking away from the herd before birth when
kept in large, open, and non-managed natural environments
(4, 11–14, 21, 25), when pasture-kept (3, 10, 26) and when housed
under commercial production conditions (44), but many studies
report only some cows or no cows separating themselves from
their herd mates (Table 1). As with sheep, the studies listed in
Table 1 indicate that prepartum separation is more common in
feral types of cattle, whereas studies of pasture-kept or indoorhoused cattle rarely report such behavior. This may be due to
domestication favoring less fearful, more social animals, which
are more stressed by social isolation as suggested for sheep (50)
or, perhaps more likely, due to the confined environment in
which the animals are usually kept. There is not enough evidence
to suggest that domestic cattle display different intermediates of
hider and follower strategies although cattle may adapt to the
environment they inhabit.

THE HIDER/FOLLOWER PARADIGM
Within ungulate species, two different peri-parturient types are
described in the literature; these are the “hider” and “follower”
strategies of ungulate offspring and mothers (4, 51, 87, 93).
However, comparative research within ungulate species has
shown that the hider–follower dichotomy may be overly simplis
tic, and that a number of species may be either, depending on
the circumstances. Thus, instead of being either/or, in reality,
hiding and following strategies may form part of a continuum,
and both of these are considered antipredator strategies. Hiders
provide protection in terms of hiding the young in covered or
secluded habitats after giving birth (4), while followers actively
look out for and avoid predation in open habitats by keeping their
offspring close (4, 93). Incorporated into the continuum of these
two behavioral types is the dependence on the environment, and
at present little is known about the extent to which the behavior
of an individual ungulate mother and young varies depending on
variations in the environment.
It is suggested (87) that goats, which are considered typical
hider species, were only able to express “true hider characteristics” when kept in their natural environment. In accordance,
Tennessen and Hudson (94) found that in domestic goats, early
mother–kid contact shared more characteristics with the behavior of follower species. These authors suggested that either the

Frontiers in Veterinary Science | www.frontiersin.org

PREPARTUM BEHAVIOR
In wild ungulate species, only few observations on female prepartum behavior have been recorded (as opposed to postpartum
behavior studies), which may be caused by the animals not
being present near the herd around parturition. Within studies
of ungulates kept under commercial housing conditions, most
authors describe some of the following behavioral changes
occurring as parturition approaches: pacing, pawing, circle
walking without an obvious goal, frequent postural changes,
and reduced lying duration [domestic goat (96), domestic sheep
(98–100), and red deer (85)]. In cattle, similar prepartum behavioral changes have been described (Table 1). Restlessness is the
behavior most often reported in cows when calving is imminent
(Table 1). There is, however, a discrepancy in the interpretation
of the described restlessness: is it caused by motivation to search
for an appropriate birth site, the experience of pain, or is it a sign
of frustration? The causation for the restless behavior prepartum
and during labor is currently not fully understood. The process of
giving birth is most likely painful (101), and pain may therefore
be involved in the behavioral changes prepartum. The behaviors
observed at this time (reduced lying, increased walking, walking
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with no obvious goal, reduced eating, pawing, pacing along
fences, and more frequent posture changes; Table 1) are all often
interpreted as signs of restlessness and thus the definition of
restlessness varies considerably between studies. So, even though
these behaviors may all reflect the same motivation of locating
an appropriate birth site, the constraints of the confined environment may cause the restless behavior. Similar arguments have
been put forward by Wass et al. (85), who suggested that fence
line pacing in pre-parturient red deer may be a result of the hind
being thwarted in searching for and locating an appropriate birth
site. Other authors have suggested that high stocking density or
low inter-individual distance may cause pacing or restlessness
due to the inability of the female to distance herself from the
herd (85, 98). Studies quantifying prepartum behavioral changes
in cattle with the aim of predicting calving time have failed to
identify a specific type of behavior, which reliably predicts the
timing of calving [e.g., Ref. (34, 102)]. However, it is agreed that
a combination of several behavioral indicators improves estimation of calving time, as any one behavioral indicator cannot
reliably predict time of calving [e.g., lack of rumination 70% in
sensitivity and specificity (103)]. One possible explanation for
these findings may be that all behavioral changes at this time
are affected by the same underlying motivation, or thwarted
motivation, to search for and find an appropriate birth site. If so,
the apparent absence of reliable behavioral indicators may reflect
different attempts to adapt to the situation, which depends on
environmental factors (8, 30, 37, 42, 104, 105).
Focusing on lying behavior, Huzzey et al. (37) measured
frequency and duration of standing in cows kept in individual
pens on the day of calving, and compared this with the behavior
of the same cows before and after calving, when they were group
housed in free-stalls. Stocking density remained the same (one
cow per stall), but the environment changed markedly on the day
of calving, i.e., from group to individual housing. The authors
found reduced lying time corresponding to an approximately
2 h reduction, and 80% more standing bouts on the day of calving. Jensen (8) and Miedema et al. (42) also found reductions
in lying time on the day of calving (1.3 and 1 h, respectively), as
well as increased frequency of lying bouts in the last 6 h before
calving. In these studies, the cows had more time (i.e., several
days) to adjust to the environment before calving than the cows
studied by Huzzey et al. (37) (which had 24 h or less). In contrast
to these findings from indoor calving studies, a recent study
by Rice et al. (30) found no reduction in lying time and only
an increase in lying bouts 3–4 h before calving in cows calving
on large pasture. Therefore, it is possible that the behavioral
responses observed as calving approaches are signs of failed
behavioral attempts to adapt to the confined environment.
If so, restlessness may be a sign of frustration resulting from the
cow not being able to search for and find an appropriate birth
site, rather than a sign of stress or pain induced by parturition
per se. One might argue that as birth-site selection behavior
is observed in large and open environments, restlessness may
be seen in the confined environment because the calving cow
moves as if she was in the large environment. The behavior is
similar, but the environment affects its expression and hence its
interpretation.
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Frustration from being prevented from performing prepartum maternal behavior has been documented in at least
one ungulate, the domestic pig. Crating of parturient sows, as
is typically done in commercial housing systems, prevents the
choice of nesting site [feral sows will walk kilometers to choose
an appropriate nesting site (66)] and prevents the performance
of natural prepartum nest building mainly due to lack of space
and lack of nesting materials (106, 107). The higher activity level
measured pre-farrowing, such as frequent changes between
standing and lying (108, 109), is most likely a reflection of the
inability to search for a nesting site. Abnormal behaviors such
as bar biting (110–112), rooting the floor, and sham chewing
(111, 113) are also seen in the period leading up to farrowing.
Moreover, loose housed sows provided with pre-formed nests
still perform nest building behavior (114) and thus achieving
the goal of having a nest does not satisfy this behavioral need.
The high activity level and the abnormal behaviors may reflect
the same underlying cause as the restlessness seen in cattle
and many sow studies suggest that these are signs or out-lets
of frustration arising from not being able to express the highly
motivated prepartum maternal behavior. This view is further
supported by the findings that preventing sows from nest building activities results in decreased oxytocin levels (113, 115),
increased cortisol concentrations (111, 116), and increased
heart rate (117), leading several authors to propose that impairment of natural behavior during the prepartum period results
in compromised welfare of sows (111, 117–119). Also, confined
sows have longer farrowing durations and longer inter-piglet
birth intervals, thereby challenging the vitality of the offspring
(107). Such measurements are not available within studies of
prepartum behavior of cattle but we do know from work on
social isolation and lying deprivation [measured as ACTH
increase in Ref. (120)] that non-parturient cows show signs of
frustration. In cows, more studies of the consequences of allowing the possibility to perform prepartum maternal behavior
are needed to understand the motivational background of the
prepartum behavior observed in cows in commercial production systems. Such studies would enable evaluation of whether
and when motivation-based systems mitigates the expression of
prepartum behavior, thereby improving the welfare of calving
cows and their calves.

A POSSIBLE ROLE FOR OLFACTION?
Olfaction is an aspect of maternal behavior in cattle which has
received little scientific attention until now. In many ungulate
species, birth fluids are attractive and consumed by parturient
females, e.g., domestic and wild sheep (4, 56, 98, 121), horses,
pigs and goats (122), sable antelopes (123), and red deer (85),
but this behavior has only been studied sparsely in relation
to ungulate mothers’ selection of birth site. However, the
attractiveness of birth fluids is closely related to parturition.
In sheep, the attraction has been shown to last for a few hours
after lambing (121), whereas cows show signs of attraction as
early as 12 h before calving lasting for at least 24-h postpartum
[the duration of the study (124)]. George and Barger (10) found
that parturient cows remained within the same area where
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their amniotic fluids were discharged until calving had been
completed, and recently Rørvang et al. (46) suggested that
cows predominantly would calve at the spot where another
cow had previously calved. Attraction to olfactory cues therefore appears to have implications for the prepartum maternal
behavior of cattle. Maternally motivated cows kept in groups
are inevitably affected by the odor cues in the birth fluids of
other cows even before giving birth themselves, and this may
be exacerbated when housing conditions prevent cows from
avoiding these odors. In addition, the attractiveness of these
odors may reduce the likelihood of a cow moving away to find a
birth site elsewhere, which may make artificial hides less attractive (63). Based on the above, we suggest that olfactory cues
need to be considered in future prepartum maternal behavior
studies and are likely to influence the use of any calving facility
provided.
Olfactory cues, however, are not only important for the
prepartum behavior of female ungulates. In sheep, the role of
olfaction is essential for the onset of lamb-directed maternal
behavior, at least for inexperienced mothers (125, 126). For
instance, Basiouni and Gonyou (125) showed that fostering of
alien lambs to parturient females was possible only if the lambs
were covered by jackets soaked in amniotic fluid. Adult domestic
goats show interest in alien newborn kids (95), and in farmed
red deer such attention can be rather intense and even increase if
stocking density is high [in addition, more mismothering occur
in this situation (85)]. As mentioned earlier, also cattle studies
have reported attention from cows toward and licking of alien
calves, especially in commercial housing conditions (Table 1).
Studies from free-ranging cattle, however, often do not report
cows showing interest in alien calves’, which may be explained by
the cows seeking away from the herd (11). Hiding or separating
from conspecifics probably lowers the risk of mothers interacting
with alien offspring in general, but physical cover may not suffice
to keep maternally motivated cows away if they can smell a calf.
Recently, we offered pregnant group housed cows an opportunity to select an individual pen as birth site. The presence of a
newborn alien calf in the group pen reduced the likelihood of
the cows using this opportunity (63), most likely because the
newborn calf ’s coat contained birth fluids. Hence, olfaction and
odors are likely to be important for the onset and direction of
maternal behavior also in cattle.
Commercial dairy cow housing conditions often mean high
stocking densities in a relatively barren environment offering
few options of selecting a birth site away from other cows as well
as more disturbances from human activities and conspecifics.
Taken together, this means that pre-parturient cows housed in
groups are in close proximity to olfactory stimuli important for
maternal behavior, i.e., birth fluids from other cows and their
calves. Unlike sheep, cattle show a preference for birth fluids
also before parturition, and prepartum cows have been reported
to nurse alien calves (59, 62), observations which may explain
the higher occurrence of mismothering in commercial housing
(Table 1). This may also introduce a higher risk of mismothering
when cows calve in group pens when compared with parturient sheep, as ewes are not attracted to birth fluids until after
parturition (121). In addition, group housing may increase the
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risk of agonistic social interactions limiting the access of bovine
mothers to their own calves. Mismothering and lack of contact
between cow–calf increases the risk of colostrum and maternal
care being allocated to alien calves, leading to failure of passive
transfer of immunity from the mother to her biological offspring.
The importance of olfaction and odors thus need to be taken into
consideration in the design of housing facilities for parturient
cattle (127), especially in relation to group housing. Implications
of group housing of calving cows need to be critically addressed
as this type of management is quite common [for example, 70%
of US dairy operations (128)], and particularly if cows and calves
are to remain together post-calving. Keeping parturient cows
in groups is normally associated with early cow–calf separation
(2) and thus if early calf nursing and cow–calf bonding are to be
ensured, housing of parturient cows in individual calving pens
appears to be necessary.

CONCLUSION AND PERSPECTIVES
Drawing on research literature on prepartum maternal behavior,
this review compared cattle to other members of the ungulate
clade with the aim of understanding the biological basis of
bovine prepartum behavior with main emphasis on dairy cows.
Prepartum success depends on the female’s ability to locate an
appropriate birth site to ensure and safeguard a calm parturition
and optimal surroundings for postpartum maternal behavior
by lowering the risk of predators, disturbances, and mistaken
identity of offspring. At present, the motivations of cows underlying the apparent prepartum isolation seeking behavior have not
been fully explored. In addition, traditional concepts of ungulate
maternal behavior such as the hider/follower-dichotomy appear
overly simplistic. Based on the reviewed literature, we suggest that
more scientific focus should be given to the prepartum maternal
behavior (i.e., the phase of birth-site selection) in dairy cows,
as they are exposed to several factors in a commercial calving
environment, which may thwart their maternal motivations
and influence their behavior and welfare. One such factor is
olfactory cues, which may exert stronger effects on prepartum
cows than other ungulate species as cows are attracted to birth
fluids already before parturition. Providing dairy cows with an
environment where they can perform the prepartum maternal
behavior for which they are motivated, may facilitate postpartum
maternal behavior and success. Further research focusing on
motivation-based housing of peri-parturient cows is needed to
ascertain the importance of degree of movement and distance
from the group within the constraints of dairy housing systems.
These studies should include effects on the welfare of calving cows
and their offspring. Ultimately, this knowledge may be used in
future development of more suitable housing and management
systems for calving cows.

AUTHOR CONTRIBUTIONS
All authors contributed to the initial idea and early discussions
underlying this review. MR did the main literature search and
selection and wrote the first draft of the manuscript, including
figure and table.

8

March 2018 | Volume 5 | Article 45

Rørvang et al.

Bovine Prepartum Behavior

ACKNOWLEDGMENTS

FUNDING

Cathy Dwyer and colleagues, SRUC, Edinburgh, Scotland, for
fruitful discussions on thoughts and theories. Cecilie Kobeck
Thorsen, Aarhus University, for adding to the evolutionary
aspects of this review.

This work was funded by the Green Development and
Demonstration Program of the Danish Ministry of Food,
Agriculture and Fisheries, Copenhagen, Denmark and the PhD
school GSST, Aarhus University, Denmark.

REFERENCES
1. Anonymous. Law nr 520, 26/05/2010; Ministerial Order Number 470 of
15/5/2014. (2014)
2. NFACC. Code of Practice for the Care and Handling of Dairy Cattle. Ottawa:
Dairy farmers of Canada (2009).
3. Lidfors LM, Moran D, Jung J, Jensen P, Castren H. Behaviour at calving and
choice of calving place in cattle kept in different environments. Appl Anim
Behav Sci (1994) 42:11–28. doi:10.1016/0168-1591(94)90003-5
4. Lent PC. Mother-infant relationships in ungulates. In: Geist V, Walther F,
editors. The Behaviour of Ungulates and its Relation to Management. Morges:
IUCN (1974). p. 14–55. New Series No 24.
5. Svare BB. Maternal aggression in mammals. In: Gubernick DJ, Klopfer PH,
editors. Parental Care in Mammals. New York: Plenum (1981). p. 179–209.
6. Dwyer CM. Maternal behaviour and lamb survival: from neuroendocrinology to practical application. Animal (2014) 8:102–12.
7. Ball PJH, Peters AR. Reproduction in Cattle. 3rd ed. Oxford: Blackwell
Publishing (2007).
8. Jensen MB. Behaviour around the time of calving in dairy cows. Appl
Anim Behav Sci (2012) 139:195–202. doi:10.1016/j.applanim.2012.04.002
9. Wehrend A, Hofmann E, Failing K, Bostedt H. Behaviour during the first
stage of labour in cattle: influence of parity and dystocia. Appl Anim Behav
Sci (2006) 100:164–70. doi:10.1016/j.applanim.2005.11.008
10. George JM, Barger IA. Observations of Bovine parturition. Proc Aust Soc
Anim Prod (1974) 10:314–7.
11. Vitale AF, Tenucci M, Papini M, Lovari S. Social behaviour of the calves
of semi-wild Maremma cattle, Bos primigenius taurus. Appl Anim Behav
Sci (1986) 16:217–31. doi:10.1016/0168-1591(86)90115-2
12. Reinhardt V, Reinhardt A, Mutiso FM. Cow-calf relationship in Masai cattle.
Proceedings of the 28th Annual Meeting. Brussels: European Association for
Animal Protection (1977). Paper M/1.04/1-7.
13. Hall S. Studying the Chillingham wild cattle. Ark (1979) 6:72–9.
14. Schloeth R. Über die mutter-kind-beziehungen beim halbwilden CamargueRind (in German). Saeugetierkd Mitt (1958) 6:145–50.
15. Arave CW, Albright JL. Cattle behavior. J Dairy Sci (1981) 64:1318–29.
doi:10.3168/jds.S0022-0302(81)82705-1
16. Edwards SA, Broom DM. Behavioural interactions of dairy cows with their
newborn calves and the effects of parity. Anim Behav (1982) 30:525–35.
doi:10.1016/S0003-3472(82)80065-1
17. Houwing H, Hurnik JF, Lewis NJ. Behavior of periparturient dairy cows and
their calves. Can J Anim Sci (1990) 70:355–62. doi:10.4141/cjas90-047
18. Padilla De La Torre M, Briefer EF, Ochocki BM, McElligott AG, Reader T.
Mother-offspring recognition via contact calls in cattle, Bos taurus. Anim
Behav (2016) 114:147–54. doi:10.1016/j.anbehav.2016.02.004
19. Zeuner FE. A History of Domesticated Animals. New York: Harper and Row
(1963).
20. The Wildlife Trusts. Conservation Grazing. (2018). Available at: www.wildlifetrusts.org/conservationgrazing
21. Baskin L, Stepanov N. Behaviour of free-keeping cattle in conditions of
boreal forest. In: Wierenga HK, Braun S, Nichelmann M, editors. Proc of the
Int Congress on Applied Ethology. Berlin, Germany: KTBL (1993). p. 405–7.
22. Finger A, Patison KP, Heath BM, Swain DL. Changes in the group associations of free-ranging beef cows at calving. Anim Prod Sci (2014) 54:270–6.
doi:10.1071/AN12423
23. Kiley-Worthington M, de la Plain S. The Behaviour of Beef Suckler Cattle (Bos
Taurus). Basel: Birkhäuser Basel (1983).
24. Lidfors L, Jensen P. Behaviour of free-ranging beef cows and calves. Appl
Anim Behav Sci (1988) 20:237–47. doi:10.1016/0168-1591(88)90049-4
25. Reinhardt V. The family bonds in cattle. In: Wodzicka-Tomaszewska M,
Edey TN, Lynch JJ, editors. Proceedings of Behaviour in Relation to

Frontiers in Veterinary Science | www.frontiersin.org

26.
27.
28.
29.
30.
31.
32.
33.
34.

35.
36.
37.
38.
39.
40.
41.

42.

43.
44.
45.

9

Reproduction, Management and Welfare of Farm Animals. New South Wales:
New England University (1980). p. 133–4.
Aitken VR, Holmes RJ, Barton RA. Calving behaviour of single-suckled
Angus cows and their calves born in the spring. Proc N Z Soc Anim Prod
(1982) 42:69–71.
Edwards SA. The behaviour of dairy cows and their newborn calves
in individual or group housing. Appl Anim Ethol (1983) 10:191–8.
doi:10.1016/0304-3762(83)90140-2
Lidfors L. Beteende hos frigående kor och kalvar under kalvning och fram till
första digivningen. Skara: Sveriges Lantsbrukuniversitet, Inst. för husdjurshygien (1985). 24 p. (in Swedish with English summary).
Owens JL, Edey TN, Bindon BM, Piper LR. Parturient behaviour and
calf survival in a herd selected for twinning. Appl Anim Behav Sci (1985)
13:321–33. doi:10.1016/0168-1591(85)90012-7
Rice CA, Eberhart NL, Krawczel PD. Prepartum lying behavior of Holstein
dairy cows housed on pasture through parturition. Animals (Basel) (2017)
7:32. doi:10.3390/ani7040032
Wood-Gush S, Hunt DGM, Carson KA, Dennison K. The early behaviour
of Suckler calves in the field. Biol Behav (1984) 9:295–306.
Arthur GH. Some observations on the behavior of parturient farm animals
with particular reference to cattle. Vet Rev (1961) 12:75–84.
Barrier AC, Haskell MJ, Macrae AI, Dwyer CM. Parturition progress and
behaviours in dairy cows with calving difficulty. Appl Anim Behav Sci (2012)
139:209–17. doi:10.1016/j.applanim.2012.03.003
Borchers MR, Chang YM, Proudfoot KL, Wadsworth BA, Stone AE,
Bewley JM. Machine-learning-based calving prediction from activity, lying,
and ruminating behaviors in dairy cattle. J Dairy Sci (2017) 100:5664–74.
doi:10.3168/jds.2016-11526
Dufty J. Determination of the onset of parturition in Hereford cattle. Austral
Vet J (1971) 47:77–82. doi:10.1111/j.1751-0813.1971.tb14742.x
Edwards SA. The timing of parturition in dairy cattle. J Agric Sci (1979)
93:359–63. doi:10.1017/S002185960003803X
Huzzey JM, von Keyserlingk MAG, Weary DM. Changes in feeding, drinking, and standing behavior of dairy cows during the transition period. J Dairy
Sci (2005) 88:2454–61. doi:10.3168/jds.S0022-0302(05)72923-4
Illmann G, Špinka M. Maternal behaviour of dairy heifers and sucking of
their newborn calves in group housing. Appl Anim Behav Sci (1993) 36:91–8.
doi:10.1016/0168-1591(93)90001-6
Lange K, Fischer-Tenhagen C, Heuwieser W. Predicting stage 2 of calving
in Holstein-Friesian heifers. J Dairy Sci (2017) 100:4847–56. doi:10.3168/
jds.2016-12024
Metz M, Metz JHM. Behavioural phenomena related to normal and difficult
deliveries in dairy cows. Neth J Agric Sci (1987) 35:87–101.
Miedema HM, Cockram MS, Dwyer CM, Macrae AI. Behavioural predicters of the start of normal and dystocic calving in dairy cows and heifers.
Appl Anim Behav Sci (2011) 132:14–9. doi:10.1016/j.applanim.2011.
03.003
Miedema HM, Cockram MS, Dwyer CM, Macrae AI. Changes in the
behaviour of dairy cows during the 24h before normal calving compared
with behaviour during late pregnancy. Appl Anim Behav Sci (2011) 131:8–14.
doi:10.1016/j.applanim.2011.01.012
Proudfoot KL, Jensen MB, Heegaard PMH, von Keyserlingk MAG. Effect of
moving dairy cows at different stages of labor on behavior during parturition.
J Dairy Sci (2013) 96:1638–46. doi:10.3168/jds.2012-6000
Proudfoot KL, Jensen MB, Weary DM, von Keyserlingk MAG. Dairy
cows seek isolation at calving and when ill. J Dairy Sci (2014) 97:2731–9.
doi:10.3168/jds.2013-7274
Proudfoot KL, Weary DM, von Keyserlingk MAG. Maternal isolation
behavior of Holstein dairy cows kept indoors. J Anim Sci (2014) 92:277–81.
doi:10.2527/jas.2013-6648

March 2018 | Volume 5 | Article 45

Rørvang et al.

Bovine Prepartum Behavior

46. Rørvang MV, Nielsen BL, Herskin MS, Jensen MB. Short communication:
calving site selection of multiparous, group-housed dairy cows is influenced
by site of a previous calving. J Dairy Sci (2017) 100:1467–71. doi:10.3168/
jds.2016-11681
47. Rørvang MV, Herskin MS, Jensen MB. Dairy cows with prolonged calving
seek additional isolation. J Dairy Sci (2017) 100:2967–75. doi:10.3168/
jds.2016-11989
48. Selman IE, McEwan AD, Fisher EW. Studies on natural suckling in cattle
during the first eight hours post partum I. Behavioural studies (dams). Anim
Behav (1970) 18(Pt 2). p. 276–8. doi:10.1016/S0003-3472(70)80039-2
49. von Keyserlingk MAG, Weary DM. Maternal behavior in cattle. Horm Behav
(2007) 52:106–13. doi:10.1016/j.yhbeh.2007.03.015
50. Dwyer CM, Lawrence AB. A review of the behavioural and physiological
adaptations of hill and lowland breeds of sheep that favour lamb survival.
Appl Anim Behav Sci (2005) 92:235–60. doi:10.1016/j.applanim.2005.05.010
51. Geist V. Mountain Sheep: A Study in Behaviour and Evolution. Chicago:
University of Chicago Press (1971).
52. Langbein J, Scheibe KM, Eichhorn K. Investigations on periparturient
behaviour in free-ranging mouflon sheep (Ovis orientalis musimon). J Zool
(1998) 244:553–61. doi:10.1111/j.1469-7998.1998.tb00060.x
53. Bon R, Joachim J, Maublanc ML. Do lambs affect feeding habitat use by
lactating female mouflons in spring in areas free of predators? J Zool (1995)
235:43–51. doi:10.1111/j.1469-7998.1995.tb05126.x
54. Alexander G, Shillito EE. The importance of odour, appearance and voice in
maternal recognition of the young in merino sheep (Ovis aries). Appl Anim
Ethol (1977) 3:127–35. doi:10.1016/0304-3762(77)90021-9
55. Rachlow JL, Bowyer RT. Habitat selection by Dall’s sheep (Ovis dalli):
maternal trade-offs. J Zool (1998) 245:457–65. doi:10.1111/j.1469-7998.1998.
tb00120.x
56. Alexander G, Stevens D, Bradley LR. Distribution of field birth-sites of
lambing ewes. Aust J Exp Agric (1990) 30:759–67. doi:10.1071/EA9900759
57. Murphy PM, Lindsay DR, Purvis IW. The importance of the birthsite on the
survival of Merino lambs. Proc Aust Soc Anim Prod (1994) 20:251–4.
58. Roberts BA, Rubenstein DI. Maternal tactics for mitigating neonate predation risk during the postpartum period in Thomson’s gazelle. Behaviour
(2014) 151:1229–48. doi:10.1163/1568539X-00003181
59. Ciuti S, Bongi P, Vassale S, Apollonio M. Influence of fawning on the
spatial behaviour and habitat selection of female fallow deer (Dama dama)
during late pregnancy and early lactation. J Zool (2005) 268:97–107.
doi:10.1111/j.1469-7998.2005.00003.x
60. Gonyou HW, Stookey JM. Behavior of parturient ewes in group-lambing
pens with and without cubicles. Appl Anim Behav Sci (1985) 14:163–71.
doi:10.1016/0168-1591(85)90027-9
61. Gonyou HW, Stookey JM. Use of lambing cubicles and the behavior of ewes
at parturition. J Anim Sci (1983) 56:787–91. doi:10.2527/jas1983.564787x
62. Webb SL, Dzialak MR, Wondzell JJ, Harju SM, Hayden-Wing LD, Winstead JB.
Survival and cause-specific mortality of female rocky mountain elk exposed to
human activity. Popul Ecol (2011) 53:483–93. doi:10.1007/s10144-010-0258-x
63. Rørvang MV, Herskin MS, Jensen MB. The motivation-based calving
facility: social and cognitive factors influence isolation seeking behaviour of
Holstein dairy cows at calving. PLoS One (2018) 13:e0191128. doi:10.1371/
journal.pone.0191128
64. Espmark Y. Mother-young relationship and ontogeny of behaviour in
reindeer (Rangifer tarandus L.). Z Tierpsychol (1971) 29:42–81. doi:10.111
1/j.1439-0310.1971.tb01723.x
65. Hudson SJ. Multiple fostering of calves onto nurse cows at birth. Appl Anim
Ethol (1977) 3:57–63. doi:10.1016/0304-3762(77)90071-2
66. Jensen P. Observations on the maternal behaviour of free-ranging domes
tic pigs. Appl Anim Behav Sci (1986) 16:131–42. doi:10.1016/0168-1591
(86)90105-X
67. Stolba A, Wood-Gush DGM. The behaviour of pigs in a semi-natural environment. Anim Prod (1989) 48:419–25. doi:10.1017/S0003356100040411
68. Weber EM, Olsson IAS. Maternal behaviour in Mus musculus sp.: an
ethological review. Appl Anim Behav Sci (2008) 114:1–22. doi:10.1016/j.
applanim.2008.06.006
69. Berger J. Pregnancy incentives, predation constraints and habitat shifts:
experimental and field evidence for wild bighorn sheep. Anim Behav (1991)
41:61–77. doi:10.1016/S0003-3472(05)80503-2

Frontiers in Veterinary Science | www.frontiersin.org

70. Festa-Bianchet M. Condition-dependent reproductive success in bighorn
ewes. Ecol Lett (1998) 1:91–4. doi:10.1046/j.1461-0248.1998.00023.x
71. Fouda MM, Nicol CJ, Webster AJF, Metwally MA. Maternal-infant relationships in captive Sika deer (Cervus nippon). Small Rumin Res (1990)
3:199–209. doi:10.1016/0921-4488(90)90038-8
72. Lott DF, Galland JC. Parturition in American bison: precocity and systematic variation in cow isolation. Z Tierpsychol (1985) 69:66–71. doi:10.111
1/j.1439-0310.1985.tb00757.x
73. O’Brien PH. Feral goat parturition and lying-out sites: spatial, physical
and meteorological characteristics. Appl Anim Ethol (1983) 10:325–39.
doi:10.1016/0304-3762(83)90183-9
74. Alexander G. Components and what makes a good mother? Comparative
aspects of maternal behavior in ungulates. Proc Aust Soc Anim Prod (1988)
17:25–41.
75. Smith FV. Instinct and learning in the attachment of lamb and ewe. Anim
Behav (1965) 13:84–6. doi:10.1016/0003-3472(65)90076-X
76. Karsch RC, Cain JW, Rominger EM, Goldstein EJ. Desert bighorn sheep
lambing habitat: parturition, nursery, and predation sites. J Wildl Manage
(2016) 80:1069–80. doi:10.1002/jwmg.21092
77. Clutton-Brock TH, Guinness FE. Behaviour of red deer (Cervus
elaphus L.) at calving time. Behaviour (1975) 55:287–300. doi:10.1163/156
853975X00506
78. Darling FF. A Herd of Red Deer. London: Oxford University Press (1937).
79. Kitchen DW. Social behavior and ecology of the pronghorn. Wildl Monogr
(1974) 38:3–96.
80. Barbknecht AE, Fairbanks WS, Rogerson JD, Maichak EJ, Scurlock BM,
Meadows LL. Elk parturition site selection at local and landscape scales.
J Wildl Manage (2011) 75:646–54. doi:10.1002/jwmg.100
81. Stringham SF, Frederick S. Mother-Infant Relations in Semi-Captive Alaskan
moose (Alces alces gigas). (1974). Available from: https://scholarworks.alaska.
edu/handle/11122/7433
82. Klingel H. The social organisation and population ecology of the plains
zebra (Equus quagga). Zool Afr (1969) 4:249–63. doi:10.1080/00445096.
1969.11447374
83. Sekulic R. Seasonality of reproduction in the sable antelope. Afr J Ecol (1978)
16:177–82. doi:10.1111/j.1365-2028.1978.tb00438.x
84. Tyler SJ. The behaviour and social organization of the new forest ponies.
Anim Behav Monogr (1972) 5:87–196. doi:10.1016/0003-3472(72)90003-6
85. Wass JA, Pollard JC, Littlejohn RP. A comparison of the calving behaviour of
farmed adult and yearling red deer (Cervus elaphus) hinds. Appl Anim Behav
Sci (2003) 80:337–45. doi:10.1016/S0168-1591(02)00236-8
86. Jarman MV. Impala social behaviour: birth behaviour. Afr J Ecol (1976)
14:153–67. doi:10.1111/j.1365-2028.1976.tb00159.x
87. Rudge MR. Mother and kid behaviour in feral goats (Capra hircus L.).
Z Tierpsychol (1970) 27:687–92. doi:10.1111/j.1439-0310.1970.tb01895.x
88. Shillito EE, Hoyland VJ. Observations on parturition and maternal care
in soay sheep. J Zool (1971) 165:509–12. doi:10.1111/j.1469-7998.1971.
tb02202.x
89. Valdez R, Alamira L. Fecund mouflon. Nat Hist (1977) 86:9.
90. Flörcke C, Grandin T. Separation behavior for parturition of red angus beef
cows. Open J Anim Sci (2014) 4:43–50. doi:10.4236/ojas.2014.42007
91. Blank DA, Ruckstuhl K, Yang W. Antipredator strategy of female goitered
gazelles (Gazella subgutturosa Guld., 1780) with hiding fawn. Behav Processes
(2015) 119:44–9. doi:10.1016/j.beproc.2015.07.013
92. Barrett MW. Movements, habitat use, and predation on pronghorn fawns in
Alberta. J Wildl Manage (1984) 48:542–50. doi:10.2307/3801187
93. Ralls K, Kranz K, Lundrigan B. Mother-young relationships in captive ungulates: variability and clustering. Anim Behav (1986) 34:134–45. doi:10.1016/
0003-3472(86)90015-1
94. Tennessen T, Hudson RJ. Traits relevant to the domestication of herbivores.
Appl Anim Ethol (1981) 7:87–102. doi:10.1016/0304-3762(81)90054-7
95. Lickliter RE. Behavior associated with parturition in the domestic goat.
Appl Anim Behav Sci (1985) 13:335–45. doi:10.1016/0168-1591(85)90013-9
96. Ramirez A, Quiles A, Hevia M, Sotillo F. Observations on the birth of goats.
Can J Anim Sci (1995) 75:165–7. doi:10.4141/cjas95-022
97. Hall SJG. Chillingham cattle: social and maintenance behaviour in an ungulate that breeds all year round. Anim Behav (1989) 38:215–25. doi:10.1016/
S0003-3472(89)80084-3

10

March 2018 | Volume 5 | Article 45

Rørvang et al.

Bovine Prepartum Behavior

98. Arnold G, Morgan P. Behaviour of the ewe and lamb at lambing and its
relationship to lamb mortality. Appl Anim Behav Sci (1975) 2:25–46.
99. Echeverri AC, Gonyou HW, Ghent AW. Preparturient behavior of confined ewes: time budgets, frequencies, spatial distribution and sequential
analysis. Appl Anim Behav Sci (1992) 34:329–44. doi:10.1016/S01681591(05)80093-0
100. Owens JL, Bindon BM, Edey TN, Piper LR. Behaviour at parturition and
lamb survival of Booroola Merino sheep. Livest Prod Sci (1985) 13:359–72.
doi:10.1016/0301-6226(85)90027-2
101. Mainau E, Manteca X. Pain and discomfort caused by parturition in
cows and sows. Appl Anim Behav Sci (2011) 135:241–51. doi:10.1016/j.
applanim.2011.10.020
102. Ouellet V, Vasseur E, Heuwieser W, Burfeind O, Maldague X, Charbonneau É.
Evaluation of calving indicators measured by automated monitoring devices
to predict the onset of calving in Holstein dairy cows. J Dairy Sci (2016)
99:1539–48. doi:10.3168/jds.2015-10057
103. Clark C, Lyons N, Millapan L, Talukder S, Cronin G, Kerrisk K, et al.
Rumination and activity levels as predictors of calving for dairy cows. Animal
(2015) 3:1–5. doi:10.1017/S1751731114003127
104. Schirmann K, Chapinal N, Weary DM, Vickers L, von Keyserlingk MAG.
Short communication: rumination and feeding behavior before and
after calving in dairy cows. J Dairy Sci (2013) 96:7088–92. doi:10.3168/
jds.2013-7023
105. Pahl C, Hartung E, Grothmann A, Mahlkow-Nerge K, Haeussermann A.
Rumination activity of dairy cows in the 24 hours before and after calving.
J Dairy Sci (2014) 97:6935–41. doi:10.3168/jds.2014-8194
106. Thodberg K, Jensen KH, Herskin MS. Nest building and farrowing in
sows: relation to the reaction pattern during stress, farrowing environment and experience. Appl Anim Behav Sci (2002) 77:21–42. doi:10.1016/
S0168-1591(02)00026-6
107. Oliviero C, Heinonen M, Valros A, Hälli O, Peltoniemi OAT. Effect of the
environment on the physiology of the sow during late pregnancy, farrowing
and early lactation. Anim Reprod Sci (2008) 105:365–77. doi:10.1016/j.
anireprosci.2007.03.015
108. Hansen KE, Curtis SE. Prepartal activity of sows in stall or pen. J Anim Sci
(1980) 51:456–60. doi:10.2527/jas1980.512456x
109. Heckt WL, Widowski TM, Curtis SE, Gonyou HW. Prepartum behavior
of gilts in three farrowing environments. J Anim Sci (1988) 66:1378–85.
doi:10.2527/jas1988.6661378x
110. Jensen P. Diurnal rhythm of bar-biting in relation to other
behaviour in pregnant sows. Appl Anim Behav Sci (1988) 21:337–46.
doi:10.1016/0168-1591(88)90068-8
111. Lawrence AB, McLean KA, Jarvis S, Gilbert CL, Petherick JC. Stress and
parturition in the pig. Reprod Domest Anim (1997) 32:231–6. doi:10.111
1/j.1439-0531.1997.tb01287.x
112. Yun J, Swan KM, Oliviero C, Peltoniemi O, Valros A. Effects of prepartum
housing environment on abnormal behaviour, the farrowing process, and
interactions with circulating oxytocin in sows. Appl Anim Behav Sci (2015)
162:20–5. doi:10.1016/j.applanim.2014.11.006
113. Damm BI, Lisborg L, Vestergaard KS, Vanicek J. Nest-building, behavioural
disturbances and heart rate in farrowing sows kept in crates and schmid
pens. Livest Prod Sci (2003) 80:175–87. doi:10.1016/S0301-6226(02)
00186-0
114. Arey DS, Petchey AM, Fowler VR. The preparturient behaviour of sows in
enriched pens and the effect of pre-formed nests. Appl Anim Behav Sci (1991)
31:61–8. doi:10.1016/0168-1591(91)90153-O

Frontiers in Veterinary Science | www.frontiersin.org

115. Yun J, Swan KM, Vienola K, Kim YY, Oliviero C, Peltoniemi OAT, et al.
Farrowing environment has an impact on sow metabolic status and piglet
colostrum intake in early lactation. Livest Sci (2014) 163:120–5. doi:10.1016/j.
livsci.2014.02.014
116. Jarvis S, Calvert SK, Stevenson J, van Leeuwen N, Lawrence AB. Pituitaryadrenal activation in pre-parturient pigs (Sus scrofa) is associated with
behavioural restriction due to lack of space rather than nesting substrate.
Anim Welf (2002) 11:371–84.
117. Yun J, Valros A. Benefits of prepartum nest-building behaviour on parturition and lactation in sows-a review. Asian-Australas J Anim Sci (2015)
28:1519–24. doi:10.5713/ajas.15.0174
118. Yun J, Swan KM, Vienola K, Farmer C, Oliviero C, Peltoniemi O, et al.
Nest-building in sows: effects of farrowing housing on hormonal modulation of maternal characteristics. Appl Anim Behav Sci (2013) 148:77–84.
doi:10.1016/j.applanim.2013.07.010
119. Jarvis S, Van der Vegt BJ, Lawrence AB, McLean KA, Deans LA, Chirnside J,
et al. The effect of parity and environmental restriction on behavioural and
physiological responses of pre-parturient pigs. Appl Anim Behav Sci (2001)
71:203–16. doi:10.1016/S0168-1591(00)00183-0
120. Munksgaard L, Simonsen HB. Behavioral and pituitary adrenal-axis
responses of dairy cows to social isolation and deprivation of lying down.
J Anim Sci (1996) 74:769–78. doi:10.2527/1996.744769x
121. Levy F, Poindron P, Le Neindre P. Attraction and repulsion by amniotic fluids
and their olfactory control in the ewe around parturition. Physiol Behav
(1983) 31:687–92. doi:10.1016/S0031-9384(83)80004-3
122. Fabre-Nys C, Poindron P, Signoret JP. Reproductive behaviour. In: King GJ,
editor. Animal Reproduction. Amsterdam: Elsevier (1993). p. 147–94.
123. Thompson KV. Maternal strategies in Sable antelope, Hippotragus niger:
factors affecting variability in maternal retrieval of hiding calves. Zoo
Biol (1996) 15:555–64. doi:10.1002/(SICI)1098-2361(1996)15:6<555::AIDZOO2>3.0.CO;2-A
124. Pinheiro Machado LC, Hurnik JF, King GJ. Timing of the attraction towards
the placenta and amniotic fluid by the parturient cow. Appl Anim Behav Sci
(1997) 53:183–92. doi:10.1016/S0168-1591(96)01158-6
125. Basiouni GF, Gonyou HW. Use of birth fluids and cervical stimulation in
lamb fostering. J Anim Sci (1988) 66:872–9. doi:10.2527/jas1988.664872x
126. Levy F, Poindron P. The importance of amniotic fluids for the establishment
of maternal behaviour in experienced and inexperienced ewes. Anim Behav
(1987) 35:1188–92. doi:10.1016/S0003-3472(87)80175-6
127. Nielsen BL, Jezierski T, Bolhuis JE, Amo L, Rosell F, Oostindjer M, et al.
Olfaction: an overlooked sensory modality in applied ethology and animal
welfare. Front Vet Sci (2015) 2:69. doi:10.3389/fvets.2015.00069
128. USDA. Chapter C: On-farm biosecurity and biocontainment practices. Dairy
2007: Biosecurity Practices on U. S. Dairy Operations 1991-2007. Fort Collins,
CO: USDA, APHIS, VS, CEAH (2010).
Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
Copyright © 2018 Rørvang, Nielsen, Herskin and Jensen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

11

March 2018 | Volume 5 | Article 45

