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CHAPTER1

Introduetion

   imensification of beef production occurred in industrialized couirtries towards the end of

20th oentury, with the progress of aghcultural teclmology leading to an increase in the

production Indcor fattening systems that provided cattle with conserved grass or dried cereal

grain, or a mixture of the two, gradually replaced systems of fattening cattle on pasture with

small amoums of supplementation. The fattening system also made it possible to give animals

the opportunity to grow rapidly with feedmg of high-quality diets. Housing caule was largely

to increase otrtput through intensive fbeding regimes, but also to reduce some costs by

housing the cattle (Phillips, 2002a). EspeciallM European beefcattle husbandry has undergone

many changes in the last 30 years in order to cope with economic pressures ((hignard et al.,

200l).

   However, the intensification of husbandry systems leads the farmers to rear their animals

in free-stables or outdoors (Grignard et al., 2000). At this late date, the impact ef the system

on the animals' welfare is considerea so that it allows the products to have added value. in

other words, most ofconsumers have come to choose the products from animals reared out of

consideration of animals' welfare even ifthose are re1atively expensive (Uetake, 2004). After

these changes in the consuming public, the systems used for beef cattle hewe become more

diverse than those used for dairy caule. Some animals are given the opportunity to grow

rapidlM with indoor feeding of high-quality diets, and others are kept at low stocking rates on

rangeland where growth will be slow (Phi11ips, 2002a).

   Even in extensive production systems, recent herd size has grown consideral)ly.
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ConsequentlM intensive rearing with mechanical procedure on feeding, and extensive

husbar)dry in which energy and chemical input is reduced and large grazing areas such as

mountain pastures are used are conducted at the same time (Bowin et al., 1994). ln traditional

husbandry systems, the number of animals managed by caretakers had been srnall and the

farmers had sperrt a lot of time with their animals. Naturally animals had hahituated to the

presence of people by virtue of routine neutrai exposure to humans in the course of daily

management (Rushen et al., 1999b). At the present daM however, in both intensive and

extensive systems, the number of animals per car{:taker is large and consequently the

opportunity for contacting each other has reduced. ln perticular, the opportunities of positive

interactions, such as feeding, haye been rep!aced by teclmology such as mechanical or

electronic feeders, On the other hand many aversive tasks, such as catching and restraint for

vaccinatioq foet care and administration of medication, and transport, still require human

intervemion As a resulg there is tl)e risk that animals' direct ercperience with humans will be

biased increasingly tovvards the negative (Rushen et al., 1999b). Thus, changes in pioduction

systems used for beef cattle and in the cattle-human relationships should also diversify the

factors affecting the cattle's welfare and perfbrmance.

   ln general, individual conditions or environments for caule could be divided into the

fbllowing two factors (Hasegawa et al., 1997); 1) Endogenous factors include the genetic or

physiological conditions ofthe species or individual, which could be divided into individual

conditions (breed, age, sex, tempemmerrt, lactation period, gestation, etc.) and social position

(competition, aggression, dominance ordeg leader-fellower relationships, mi1king ordeq etc.),

2) Exogenous factors include the physical envirorment (season, climate, meatheg temperature,

humidityi vvind photoperiod, etc.) and social environment (stocking rate, area / head. age

structure, sex ratio, ete.). ln fattening beef caule, they are generally reared in the same age and
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sex group, and they are not milked, so that endogenous factors are limited to breed and

temperament as individual conditions and dominance order and leadeFfollower relationships

as social position. The rearing enviromnents of beef caule consist of various combinations of

these endogenous factors and exogenous factors based on diversified fattening systems.

   In many Japanese beef farms, the intensive systems of feeding and housing are used in

demand eMciency in order to produce tender bee£ There, beef oaule were provided

concenmated feed and hay in a small indoor pen. This kind of intensive keeping has aversive

effZ:cts on the welfhre of cattle, since stocking them at high densities 1ead to aggression

between animals and health problems, such as lameness and tail tip necrosis on slatted floors

(Phjllips, 2002a). in addition, oral stereotypies such as tongue rolling and barLbiting are

observed in the caule tethered and fed restrictedly (Sato et al., 1994), and reared in the bare

environment that social contacts are limited (Seo et al., 1998). ln modern production systems,

cattle are usually kept in a group on deep sawdust in individual pens at appropriate densities.

But, there is a fact that the time spent eating is much shomer for cattle being fed concentrates

in a pen than for cattle grazing in a pasture. ConsequendM the level of fhistration caused by

less oral behaviors using tongue and moath should be high in cattle kept in a pen. Although

there are studies on space allowance in permed beefcattle (Fisher et al., 1997a, b), there aie

few comparison studies between the behaviors of beef caule reared in intensive pen

environment and those in extensive pasture environment.

   So, firstlM a comparison study on behaviors between beefcattle reared in an intensive pen

environment and those reared in an extensive pasture environment was conducted. Keeping

caule in intensive housing simations relates to the expression of stereotypies such as

bar-biting and tongue rolling ehi11ips, 2oo2c), so that the overail oral behaviors such as

eating, drinking, grooming, licking objects and tongue rolling were fbcused on. This suliject
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fbr study is shown in Chapter 2.

   Environmental emichment is defined as the attempt to improve biological functions

(health, lifetime reproductive success and jnclusive fitness) (Newherry) 1995) and the quality

of life (Fraser et al., 1997) by providing stimuli to pembrm species-appropriate behavioral and

mental activities (Reinhardt and Reinhardr, 2003). Recently, a variety of studies on the effects

of environmental emiclment on meat quality (Beattie et ai., 2000a), physiological parameters

(Beauie et al., 2000b), ease of handling (Day et al., 2002), and the abilities of leaming

(Sneddon et al., 2000) and memory (de Jong et al., 2000) has been reported mainly in chicken

and swine. However, most of these previous studies appear to have just demonstrated the

short-term effectiveness ofproviding stimuli with liule biological fimction (e.g. Schacfer et al.,

1990).

   As for cattle, although the term of "enrichnent" has not been used, there are historically

many studies on their social er!vironment and altemative housing systems (e.g. Krohn, 1994).

Most recentlM some studies on social (Loerch and Fluharty, 2000) and social plus physical

enriclment (Bokkers and Koene, 2001) are tried in calves. Bnt there are sti11 few studies on a

global scale of environmema1 enriclment in beef cattle, regardless of outbreaks of the

bul1-steer syndrome (Blackshaw et al., 1997) and stereotype behaviors like tongue playing

(Sato et al., 1994). Only a narrow scope of studies like short-term provision of scratch devices

has been shown (Wilson et al., 2oo2; Pelley et al., 1995).

   So, secondlM the effects of introducing the drum can into a pen as a target of eating,

investigating and grooming behaviors on the ethogram, physiology and productivity in the

early fattening stage were investigated. And furthermore, the subsequent effects ofproviding

the deviee unti1 the finishing stage were investigated These studies are shown in Chapter 3.

  ln addition to the ahove physiological factors, social and psychological contexts should be

,rL/'il' l''f':'u･..-,:ti-'･,'lt' '-' J/.
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considered as environmental factors for cattle. For example, isolation from peers and restraint

jn a crush are eften used as a part of the normal management procedures for beefcattle when

weighing or administering medjcations. These operations also require human intervention or

handling. They are, therefore, potentially aversive and possibly have negative impacts on

animal welfare. For these reasons, studies of the reactions ofcattle while being handled may

result in the improvement ofhuman and caule safety as well as animal welfare and production.

ln the pasg many trials such as the open-field test, docility test, restraint test, soning tesg

novel object test and crush test have been perfbrmed (1) to assess individual diffi:rences in

behavioral reactions to human, (2) to assess cattle's temperament (Fordyce et al., 1985;

Grandin 1993; Boissy and Bouissou, 1995; Le Neindre et al., 1995; de Passille et al., 1995,

1996; Boivin et al., 1998), and (3) to determine the effects of human handling on the

human-cattle relationship (Boissy and Bouissou, 1988; Boivin et al., 1992a, b, 1994; Le

Neindre et al., 1995; Hemsworth et al., 1996; de Passill6 et al., l996; Boivin et al., 1998;

Grignard et al., 2000, 2001; Munksgaard et al., 2ool). These studies have been produced

useful infbrmation to improve the re1ationship between cattle and human.

   Ariother aspect worthy of cattle, handling study is that the behaviora1 respenses once

animals are released from the crush could suggest the attractiveness or aversiveness of that

restraint conditions. This would shed light on those aspects of animal behavior that are denied

during restraint ana as a result, on the cause of flightiness and diMculty in handling.

Furthermore, such a study would provide usefu1 infbrmation on how to overcome aversive

effects of handling as soon as possible afterwards. The idea of the care of animals after

                                                           'unavoidable management procedure has not previously been studied.

   So, thirdlM a YLmaze was used to determine the attraetiveness to beef oattle of different

conditions immediately after release from restrairrt. The Y:･maze approach has been used to
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evaluate the aversion to different methods of treatment such as being restrained in a crush

(Grandin et al., 1994) or being hit or shouted at (Pajor et al., 2003) and the preference ofcattle

for being offered feed (Pajor et al., 2003). In the first experiment, the relative attiactiveness of

hypothesized positive conditions such as peers, fbod and a bare pen was investigated in the

second experiment, the relative attractiveness of hypothesized negative conditions such as a

human in different postures and position and a novel object was investigated. And

fUrthermore, in the third and fourth experiment, the existence of sheep that are diflerent

species but familiat to cattle was determined their function as conpecific peers. These studies

are shown in Chapter 4.
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                              CHAPTER 2

Comparison of oral behaviors of young beef cattle in pen and pasture environments

                               Objectives

   ln this chapter, comparative observations in intensive pen and extensive pasture

environments were conducted to assess the beef cattle's surroundings in the context of the

relationship between beef cattle and barn and pasture conditions.

   Housing of cattle is a common practice in production systems in mar}y countries,

especially at higher latitudes duiing winter. in fattening enterprises in Japan, beefcattle are

usually reared in pens throughout all stages of production. However, such intensive housing

of cattle may have adverse effects on their welfate since stoeking at high densities has been

shown to result in aggression between animals, in health problems, especially lameness and

tail tip necrosis on slatted floors and in a high rate of iiijury (Phi11ips, 2002a). Fisher et al.

(1997a, b) reported that restricted space allowance in pens reduced growth rate and time spent

lying down in finishing beefheifers. Furthermore, in tethered cattle, stereotypic behavior such

as tongue rolling has been observed as an al)normal behavior (Redbo, 1990). In Japanese

Black cattle in tie stalls, Sato et al. (1994) reported that 76% ofa tota1 of510 cattle perfbrmed

one or more abnormal behaviors including tongue playing, bar biting, weaving and slowly

opening and closing the mouth while looking up.

   It is, therefore, likely that cattle fed a restricted qumtity of high-tconcentrate diet and kept

in a bare pen at high densities would perfbrm stereotypic behaviors such as tongue rolling and

bar-biting even though they were allowed to move freely. It is also possible that other oral
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behaviors such as selfigrooming, allogrooming and licking objects might take the role of

displacement activities in such a conflict situation. Sato et al. (1991) reported that social

grooming ofcalves tended to increase when food was restricted. It has been shown that time

spent eating is much shorter in fattening beef oattle that were fed a highly concentrated ration

in pens than in cattle grazing in a pasture. Consequently, the level of frustration that resuks

from reduced ability to perfbrm oral behaviors may be high in penned cattle.

   So in this chapter, behaviors of beef cattle reared in an intensive environment in Japan

were compared with those of cattle reared in an extensive environment in Australia. in the

comparisons, oral behaviors were panicularly focused on.
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Materials and methods

Anintais and obsematiOn procedure

Intensivepen environment

    A total of l22 steers at one farm in Sano (360N, 138.50E), Tbchigi pre£, Japan were

observed (Fig. 2-1 (a)). Ofthese, 103 were Japanese Black X Holstein (Fl) steers kept in 5 to

eight pens (width 6.0 m X length 9.5 m each) with between 12 and 16 steers (3.6 - 4.8 m2

thead) and 19 Japanese Black (JB) steers kept in one pen (width 12.0 m X length 9.5 m, 6.0 m'

lhead). Each pen housing the Fl steers permitted access to a feeding alley (length 6.0 m) for

grain feed, a wood trough (width O.7 m X length 1.8 m) for dry haM a selffi11ing water bowl

(diameter O.5 m) and a resting space. The pen for JB steers allowed access to a feeding alley

(length 12.0 m) for grain feed and dry haM a selfifi11ing water bowl (diameter O,5 m) and a

resting space. The pens used in this study were in a part oftwo open-sided bui1dings and each

pen was divided by a meta1 fence 1.4 m in height. The steers were 7-11 months of age at the

start of the first observation.

   The steers were observed by scan sampling every 10 min during 3 momings (from dawn

till 11:50) and 3 afternoons (from 12:OO ti11 dusk) during March 2004. The duration of al1

moming observations was 6 h 10 min, while the minimum and maximum length of the

aftemoon observations were 5 h 50 min and 6 h, respectively. The minimum and maximum

temperatures during the six observations ranged from -1.2 - +5.7 (3.4 ± 2.7)℃ to 10.3 -

24.4 (15.1 ± 5.9)℃, respectively Stormy weather characterized by high winds and (or)

precipitation was not encountered during any observations.

   The steers kcpt in the intensive environment were provided a commercial concentrate diet
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based on the average body weight in each pen, twice daily between 08:30 to 08:40 and

between 15:40 to 16:OO at the feeding alley The steers were also allowed free access to a

trough containing Italian ryegrass hay. The dry hay was added to the trough at the same time

as the concentrate diet was provided. The diet contained 57% of grain crops (corn, wheat flour

and soy flour), 18% of bran (corn gluten feed and wheat bran), 14% of plant-origin oil meal

(soybean oil meal and rapeseed oil mea1) and 11% of the other additives (alfalfa meal,

molasses, calcium carbonate and common salt). The steers were allowed free access to the

water bowl.

Extensi'veptzsture environment

   A total of1136 steers kept continually at pasture on 6 commercial beefcattle farms near

Dubbo (330S, 148.50E), New South VLlales, Australia were observed (Fig. 2-1 (b)). The details

of the fams are shown in fable 2-1. 0bservations were conducted on one farm in both 2003

and 2004 (C03 and C04 respectively) but on different animals each year. The steers were

approximately 5 - 15 months of age at the start ofthe first observation.

   The steers in a pasture were observed by scaii sampling every 15 min over 3 momings

(from dawn till 11:45) and 3 afternoons (from 12:OO ti11 dusk) at intervals ofthree or four days

during August and September in 2003 and 2004. The minimum and maximum length of the

moming observations were 5 h 45 min and 5 h 30 min, respectively, while the minimum and

maximum length of afternoon observations were 5 h 30 min and 6 h, respectively The

minimum and maximum temperatures during the six observations at each farm in 2003

ranged from O.3 - 11.5 (4.1 ± 3.2)℃ to 12.8 - 21.1 (16.0 ± 2.2)℃ and from O.2 - 14.1 (5.0 ±

3.3)℃ to 13.4 - 27.2 (19.5 ± 4.2)℃, respectively in 2004. During periods of inclement



                                                                      11

weather, observations were not conducted since such conditions caused the steers to curtail

their activity and simply stand in the pasture until the weather passed. This has also been

reported previously by Gonyou and Stricklin (1984).

Behavioral observatibn

   The details ofbehavioral categories observed in the each environment are shown in fable

2-2. Because of the distances involved and because the animals tended to form large groups

when resting in the shade, it was dithcult to determine whether they were ruminating or

simply resting. For this reason ruminating was recorded as resting. in this studM oral

behaviors consisted of eating (grazing), dnnking, selfgrooming, allogrooming, licking

objects and tongue rolling.

Statistitral andysis

   Although the observations in the intensive pen environment were conducted on one farm,

the data were fbr the two breeds were analyzed as Farm Fl and Fam JB.

   The proportion of steers perfbrming oral behaviors and the other behaviors over the tota1

period of the observations on each farm was analyzed using the chi-square test. A post-hoc

test was then perfbrrned using Tukey's HSD to analyze the effk:ct of farrn on the proportion of

steers performing oral behaviors.

   The effbct offarm on the proponion per day ofsteers perfbrming all behavioral categories

vvas analyzed using mmOVA (Wilks' Lambda) fo11ovved by the post-hoc test was using

Tukey's HSD.
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   The proponion of steers engaged in each behavior was calculated for each 30 min

observation. The effect of farrri and the time after dawn or befbre dusk on the proportion of

steers engaged in each behavior were analyzed using the two-way repeated measures

ANOVA.
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(a)

(b)

Fig. 2-1. (a) Intensive pen environment in Japan.

(b) Extensive pasture environment in Australia.
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Table 2-2. Behav{oral cate ories observed in this stu

Cate o Definition

lntensive pen environment

 Eating

 Drinking

 licking objects

 Grooming with obiects

 lnvestigating objects

Eating concentrate diet at the feeding alley or eating hay at the trough

Drinking water at a water bowl

Ucking bars surrounding the pen or licking a trough of the pen

Scratching or rubbing with bars surrounding the pen or a trough of the pen

SniHing or ticking bars surrounding the pen or a trough of the pen

Extensive pasture environment
 Eating

 Drinking

 Ucking objects

 Grooming with objects

Investigating objects

Grazing grass in the pa$ture

Drinking water at a water dam or a water tank

Licking a trunk or a branch of a tree or licking the other objects in the pasture

Scratching or rubbing with a trunk or a branch of a tree in the pasture or

scratching or rubbing with fences surrounding the pasture or the other obiects in the pasture

SniMng or Iicking with a trunk or a branch of a tree in the pasture or

sniffing or licking with fences surrounding the pasture or the other objects in the pasture

Common category
 Selt"groeming
 Ailogrooming

 Tongue rolling

Standing resting

Lying resting

Moving
Agonistic behavior

Mounting
Excretin

LiGking by itself

licking other cattle

Swinging the tongue out side of the moutii frem one side to the other,

contorting a tongue or rooling hinside the mouth, stretching the tongue out

Resting in the standing posture, defecating, urinating

Sleeping, resting in stemal or lateral recumbenGy posture

Walking, running

Headwthrowing, fighting, escape, mock-fighting

Getting on the back of other cattte

Defecation and urination
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Results

   Oral behaviors differed significantly from one farm to another (x2=3056, P<O.OOI) (Fig.

2-2). The proportion of steers perfbrming oral behaviors was significantly greater on Farm A

(63%), Farm B (63%) and Farm C04 (55%) than on Farm JB (29%) (all P<O.05). Farrns A, B

and C04 were al1 extensively managed farms in Australia, whereas Farm JB was an intensive

Japanese farm. All other differences were interrnediate between these and were also

non-significant.

   When all behaviors were comparea the proportions of steers performing each behavior

also significantly differed among famis (A=O.OO, P<O.OOI) (Fig. 2-3). There were significant

differences between farms for the proportion of animals selfgrooming, allogrooming, licking

objects, tongue rolling, standing resting, investigating objects and excreting (all P<O.OO1), the

proponion of animals eating, lying resting and walking (all P<O.Ol) and the proponion of

animals drinking, grooming with objects, engaging in agonistic behavior and mounting (all

P<O.05). These data are preserrted in greater detail in Table 2-3, where it can be seen that the

proportion of steers eating was significafrtIy greater on Farms A and B than on Farms Fl and

JB (al1 P<O.05) and the proportion of steers eating on Fami JB was less than that on Farms A,

B, C04, C03 and D (al1 P<O.05).

   In the extensive pasture environment, the proponion of steers eating on Farm A, B, C04,

C03, D and E accounted fbr 96.1%, 98.2%, 95.4%, 96.5%, 96.9% and 95.1% of all oral

behaviors, respectively. On the other hand in the intensive pen environment, the proponion of

steers eating on Farms Fl and JB accounted for 77.4% and 78.0% of all oral behaviors,

respectively. ConverselM the proponion of steers perfbrming the other oral behaviors

exclusive ofeating on Farms Fl and JB accounted fbr 22.6% and 22.0% ofall oral behaviers,
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respectivelM whereas on the Australian farms this ranged from 1.8 to 4.9%.

   Ofthe other oral behaviors, the proponions ofsteers selfgrooming, allogrooming, licking

objects and tongue rolling were greater on Farm Fl than in the other farms (all P<O.05), while

the proponion of steers allogrooming on Farm JB was greater than that in the other farms in

pasture environment (all P<O.05) (Table 2-3). FinallM the propertion of steers drinking on

Farm JB was greater than that on Farms B, C04, C03, D and E (al1 P<O.05).

   Taking all behaviors other than oral behaviors, there was significant differences between

farms in the proportion of steers investigating objects, and this was greater in intensive

environments (Farms Fl and JB) compared to the extensive environments (al1 P<O.05) (Table

2-3). There was also a tendency for the proponion of steers walking to be greater in the

extensive environments than in the intensive environments, and this was significant for al1

extensive environments except for Farm B (all P<O.05). The proponion of steers standing

resting in Farm JB was greater than that in the other farms (all P<O.05). There were also

significant differences between farms in the proponion of steers 1ying resting, grooming

objects and excreting, but these differences appeared to be random rather than a result ofthe

two environments (all P<O.05). The propertion of steers performing agonistic behavior and

mounting was not significantly di{ferent among fams,

   There was diumal variation in the proponions of steers perfbrming oral behaviors, and

these variations diffk:red from farm to farm fbr eating (P<O.OOI) (Fig. 2-4 (a), (b)), drinking

(P<O.05) (Fig. 2-4 (c), (d)) and for selfigrooming, allogrooming, lickng objects and tongue

rolling (P<O.OOI) (Fig. 2-4 (e), (f)). In intensive pen environment, the peak in eating occurred

4 h after dawn and 2 h before dusk These peaks followed the feeding of concentrate, even

though dry hay was available ad libitum. No marked peak in grazing was observed in the

pasture environments, although some peaks in grazing were observed on Farrns A and C03, as



20

was a decrease in grazing on Farm B during the late moming and early afternoon (Fig. 2-4 (a),

(b)).

   ln both pen environments, the proponion of steers dnnking gradually increased after

dawn to around middaM but in the afternoon was highly variable (Fig. 2-4 (c), (d)). In the

pasture environments, the proportion of steers drinking was generally low in the moming but

was higher in the afternoon where some peaks vvere seen. lnexplicablM on Farm A, the

proportion of steers drinking reached 8% on 3.5 h before dusk.

   The greatest proportion of steers observed perfbrming oral behaviors other than eating

and drinking was observed on Farm Fl (Fig. 2-4 (e), (f)), with two major periods in the

morning and one major period in the afternoon being identified. The peaks occurred

approximately 1.5 - 2.5 h after dawn and after eating in the moming and afternoon. The

proportion of steers perfbrming these behaviors was also elevated on Farm JB where there

was a peak after eating in the moming, but this was not as marked as that on Farm Fl. In

pasture environments, the proportion of steers perfbrming oral behaviors other than grazing

and drinking was overall much lower than that in pen envirorments, with no obvious peaks.
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Diseussion

   This study showed that variation between the individual farms even within the pasture

environment in the proportion of steers perfbrming oral behaviors, although the significant

differences were not shown among the farms. The level of oral behaviors was affected by

nutritional quality and quantity of grasses in the pasture. It has been known that caule on

sparsely vegetated rangeland have longer grazing time (Phillips, 1993). Fams A and B had a

sparsely vegetated native pasture. Grasses on pasture in those farms was poor in nutritioma1

quality compared with the other farms in the pasture errvironment. Most of grasses in Farm A

was poaceous wild grass. The proponion of steers perfbrming oral behaviors reduced with

getting better feed condition. Especially in Japanese Black steers, the proponion of steers

perforrrring oral behaviors vvas smal1. It mighi be caused by their feeble appetite compared

with crossbred steers. On Farm JB, therefore, the signifi(mmtly lower proportion of steers

perfbrming oral behaviors was replaced by a significantly greater proponion observed

standing resting.

   Ms study also showed that canle reared in intensive environments and fed a concenmate

ration spent less time eating than caule reared at the sparsely vegetated pasture. The

proportion of steers perfbrming the oral behaviors other than eating and dnnking was greater

in pen environment than in pasture environment. However, total proportion of steers

perfbrming the oral behaviors in Farm Fl was not difllererrt from that in all farrns in the

pasture environment. Also on Fami JB, the total proportion of steers perfbrming the oral

behaviors was not different from that on Farms C03, D and E in the pasture enviroument. The

steers reared in intensive environment might perfbrm more selfigrooming, allogrooming,

licking objects and tongue rolling to compensate for the lower level of feeding behavior
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appropriate to ruminants, these oral behaviors were neither excessive nor stereotypic.

   This was surprising in the light of the published Iiterature on intensively-raised cattle. In

tethered dairy cows, restricted allowance of roughage and restricted feedmg of a diet with

high levels ofconcentrate increased ora1 stereotypies (Redbo et al., 1996; Redbo and Nordlad,

1997), and stereotypies were also observed in Japanese Black steers reared in tie stall (Sato et

al., 1994). It has also been reported that cattle raised in a tie stall almost completely stopped

perfbrming stereotypies after they released onto pasture or into loose barn, but to resume high

levels of stereotypies after the re-tethering (Redbo, 1990; Redbo, 1992; Redbo, 1993). ln

these studies, the animals were raised in tie sta11s, and it is possible that the conditions of our

study were not sufficiently restricted to provoke such behavior. This is supported by the

finding that in calves kept indoors in individual stalls, a high frequency of self grooming has

observed (Kerr and Wbod-Gusa 1987) and by Seo et al. (1998) who reported that

tongue-playing, grooming and other behavior with tongue-movement were greater for calves

reared in individual pen than for calves reared in group pen. It is possible that oral

stereotypies might occur in steers reared a bare environment with limited social contacts in

addition to dietary restrictioq conditions that were not present in our study

   Oral behaviors aside, Miller and Wood-Gush (1991) reported that dairy cows kept indoors

showed a much higher level of agonistic behavior and avoidance than at pasture. ln our studM

however, the level of agonistic behavior in the pen environment vvas not different from that in

the pasture environmeM. Our study did show a higher proportion of cattle perfbrming

investigative behaviors in the pen environment compared to pasture and similar results have

been reported for calves kept indoors in individual stalls (Kerr and Wbod-Gush, 1987) and

dairy cows kept in tie-stalls (Krohn, 1994) compared to animals at pasture or in loose

housing.
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   in the intensive pen environment, the proportion of steers eating was affected by feeding

time, with a peak of eating occurring 1.5 - 2 h after feeding. Other oral behaviors such as

selfgrooming, allogrooming, ljcking objects and tongue rolling were also observed with

greater frequency at around the time of eating. in aitificially-reared calves, the frequency of

calfidirected ora1 behavior such as cross-suckmg was shown to be greatest in the 10 min

following milk ingestion (de Passille et al., 1992; Lidfbrs, 1993; Bokkers and Koene, 2001;

Margerison et al., 2003), and de Passille et al. (1992) and Lidfors (1993) have suggested that

the ingestion of milk stimulated suckng in calves and increased the motivation to perfbrrn

sucking behavior. Tbngue-playing observed in tethered beef cattle fo11owed feeding and was

followed by the other tongue-movement behaviors (Sato et al., 1994).

   in steers in intensive environment of our studM the ingestion of concentrate diet was

expected to stimulate ora1 behaviors and to increase the motivation to perfbrm ora1 behaviors.

Although the steers were allowed free aocess to dry haM eating dry hay was only observed

after eating concentrate diet. Furthermore, there was a peak in the frequency of the oral

behaviors expect for eating corresponding to about 2 h afier dawn. It has been known that

grazing lactating dairy cows typically have about five meals per day, each lasting on about 2 h

(Phillips, 1993), and Gonyou and Stricklin (1984) showed that cattle in a feedlot began eating

associated with the time of sunrise. It is possible that, in our cattle kept in the pen

environment under restricted fbeding this bout of oral behavior might correspond to a time

when the anirnals would naturally be eating.

   Gonyou and Stricklin (1984) also reported that the periods of eating, dnnking and

standing were associated with sunrise and sunset and were relatively independent of the

feedlot schedule of feeding. As a result, these times shifted with seasonal changes. Our study

was too limited to enable us to determine the effects ofseasonal changes.
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Conclusions

   Although caule reared in an intensive pen environment perfbrmed more non-nutritive oral

behaviors than cattle in an extensive environment, the level of these oral behaviors was not

suthcient to suggest a detrimenta1 effect on animal welfare. It is possible that animals reared

in loose pens with restricted feeding times are under much higher conditions of welfare than

cattle in tie stalls with limited social interaction. Our data also suggest that cattle in a pen

environment under a restricted feeding period might compensate for a missing feeding bout

by perfbrming non-nutritive oral behaviors.
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                              CHAPTER3

Effects of an environmental enrichment using a drum can on behavioral, physioRogical

and productive characteristies in penned beef cattle

                               Objectives

   As results of Chapter 2, time spent eaimg is much shorter in fattening beef oattle fed

high-quality concentrates in an intensive pen erivironment than in cattle grazing in an

extensive pasture environment. Howeveg total proponion of oral behaviors in the pen

environment was not different from that in the pasture environment. The cattle in the pen

environment seemed to perfbrm more oial behaviors other than eating to compensate fbr the

lack of the occurrence of feeding behaviors. The oral behaviors such as selfgrooming,

allogrooming, licking objects and tongue rolljng were observed mainly after eating

concentrates. The cattle perfbrmed such oral behaviors in spite of being allowod to access to a

trough containing hay freely. Although these oral behaviors were neither excessive ones nor

stereotypies, there is a possibility that the cattle would not be satisfied about the amount of

roughage provided.

   So, in this chapter, a spent oil drurn can vvas installed as an additional trough for hay in the

pen to encourage eating more roughage and to compensate for the lack of the time spent

eating. Especially for young caule, eating roughage is important to develop the capacity and

function oftheir rumens. Some positive effects on sul)sequent productivity are also expected

And furthermore, an anifricial turf was attaclred around the drum can to encourage

selfigrooming ofcattle. It has been reported that hair ha11s in cattle's rumen were increased by
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excessive grooming (Bokkers and Koene, 2001). Hair balls in the rumen could lose the

appetite of cattle. Introducing the turf for grooming could decrease the frequency of

self:directed grooming and its negative effects on the subsequent productivity ofcattle.

   As studies of environmental enrichment, using the appropriate devices that meet

behavioral requirements of animals are needed to make them express normal ethogram of

behaviors. ln addition to this behaviora1 aspect, its effects on long-teim physiology and

productivity are important to be evaluated for farm animals. Therefore, the effects of

insta11ing a drutn can that encourages steers to do more eating, investigating and grooming as

target behaviors on the ethogram, physiological characteristics and productivity, and the

subsequent effects of the device until slaughter were investigated
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Material and methods

Am-ntals and mantrgement

  Seventy-one Japanese Black X Holstein steers were used in two repeated experiments. The

steers aged 7-11 momhs and weighed on average 299.5±22.6 kg were introduced from a

market two weeks before the two experiments. Each experiment commenced in the fall of

2001 and 2002 with 35 and 36 stoers, respectively

  The steers were allocated to three treatment pems (6.0 X 9.5 m each) (Fig. 3-1 (a)). Pen C

(n= 11 and l2 in each year) consisted of a feeding alley for grain feed, a wood trough for hay,

a water bowl and a resting space (corrtrol). in Pen D (n=12 and 12), a spent oil drum can (¢

58 X H 90 cm; Fig. 3-1 (b)) that can hold additiona1 hay was added to Pen C (Fig. 3-1 (c)). In

Pen GD (n=12 and 12), a drum can that was placed around an artificial turf (30 X 120 cm)

vvas added to encourage grooming in addition to provide additional hay (Fig. 3-1 (b)). The turf

was fixed with wires at the position of upper one third ofthe drum can. The bodi drum cans

were cut out the top ofthem and were put hay in upper one third to make steers eat hay easily.

A drum can was chosen because it was easy to obtain as industrial waste at a low price for

practical use. The drum cans were installed for 5 months during the early fattening stage to

feed enough hay fbr young cattle and stimulate the rapid development of their rumen. The

steers were provided commercial concerrtrated feed (for the first 2 montbs TDN 70.5%, ncP

10.0%; for next 3 months TDN 72.0%, DCPIO.O%), based on the average body weight in

each pen, twice daily around 8:OO-9:30 and 14:30-16:30 at a feeding alley. The steers were

allowed free access to a trough containing Italian ryegrass hay. After removal of the drum

cans, the steers were allowed free aocess to another concentrated feed (TDN 72.0%, DCP
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Fig. 3'1. (a) Schematic layout of an experimental pen. (Fl)a feeding alley,

(F2) a trough, (D) a drum can ((P 58 X H 90 cm), (W) a water bowl.

(b) Spent oil drum cans installed in Pen D and GD.

(c) Cattle eating hay at a drum can in Pen D.
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10.0%) and oat

expenment.

stravsn The steers were allowed free access to a water bowl over the

2Sdeasureinems

  Behavioral observations were made for 2 h at IO min intervals after morning and evening

feedings for 3 d in 5 successive months after installation ofthe drum cans and at O, 1, 3 and 5

morrths after their removal. Eating, grcoming, investigating, resting and tongue rolling were

recorded as behaviora1 categories ('Ibble 3-1). In addition to these categories, agonistic

interactions to assess dominance order (DO) were observed continuously fbr 1 h after both the

feedings.

  Sampling blood from thejugular veing measuring body weight, recording ultrasonic images

between the 6th and 7th rib, and measuring body sizes were perfbrmed bimonthlyjust before,

after 2 and 4 months of the drum can installation and after 1 3 and 5 months ofits removal.
                                              '

These treatments other than measuring body sizes vvere perfbrmed individually in a crush.

Blood samples vvere centrifuged at 4000 rev min'i for 15 min te dispense them to serum and

plasma. The centrifuged sainples were stered at -80℃, and were analyzed by an outside

laboratory (SR[L, inc., Tbkyo, Japan). Serum was analyzed for the concentrations of GH,

insulin, leptiza vitamin A, triglyceride, NEEA and total cholesterol. Plasma was made analyses

ofadrenalin, noradrenalin, dopamine, cenisol and glucose.

  Entrance order into a crush and teinperament scores to human handling at the above

mentioned were recorded as well. 1;emperament was assessed in a scale ofO to 3 (the lower

the score, the oalmer the steer). 'I;emperamerit score was rated by particular persons.

  The steers were slaughtered at 27-32 months of age. Area of the rib eye muscle, beefbelly
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Table 3-1. Behevioral cate eries observed in this stu

Cate o Definhion

Access to the dwtn can

Eating

Eating hey at the drum can

Eating hay at the trough

Eating concentrates

Drinking

Eating hay at the drum cart, grooming with the dwm can, invetigating the drum can

Eating hay at the drum can er the trough, eating concentrated feed

Eating dry hay at the drum can containing dry hay

Eating dry hey at the trough fbr dry hay

Eating concentrated feed at the feeding a{Sey

Drinking water at e water bowi

Grooming
Groorning with the drum can

Mutual greoming

SeHLgrooming
Groorrfing wth the equipments

Agonistic behavier

Grooming with the drum can or the equipments of the pen, grooming each other, seH"groorning

Scratching er fvbbing with the side of the drum can or the anificial turf attached to drum can

licking other cattle

lick;ng by itse}f

Scratching or rubbing vvlth bars of the pen or a trough of the pen

Head'throvving, fighting, escape, mock-igtTting

lnvestigating

lnvestigating the drum can

lnvestigating the equipments

ticking bars of the pen

SnUling or tlcking the drum can or the equipments of the pen

Sriiffing or tickiftg the drum can

Sniffing or licking the equipments of the pen

Moving Walking running

Salt-icking licking or sniffing a salt block

Active behaviore

Resting

Stand-resting

Latera1 resting

Eating drinking, agenigtic behavior, grooming, investigating, mev;ng and saltrficking

Sleeping, resting, defecating, urinating

Resting in the standing postvre, defecetins urinating

Sleeping, resting in the Iying posture

Chewing
Stand-chewing
Lateral chewing

Tongue rol}ing

Chewing in the standing or Iying posture

Chewing in the standing posture

Chewing in the Iying posture

Swinging the tongue out side of the mouth ffom one side to the other,

contorting a tongue er rooting it inside the mouth, stretching the tongtie out

!naative behaviors Regtin cheyvin

,:.r, ' ' ..,: ./･Z,,l:... ''
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thickness, subcutaneous fat thickness, carcass proportion (yielding ratio), beef marbling score

(1-12) and dressed carcass weight were measured after slaughter Carcass value was estimated

by the psevious year's average in Tbkyo Meat Market.

  Research protocols were approved by the Anima1 Experiment and Care Cornrnittee of

Azabu Universityl Sagamihara-shi, Japan

statisrkrnt analysts

  The effect of month after insta11ation of the druni can on the number accessing to it was

analyzed by using the repeated-measure ANOVA using the GLM procedure of SAS (SAS

institude lnc. 1990). if the effect was significant, post-hoc test was perfbrmed with Tukey's

HSD.

  Eating patterns, namely transition of eating places, in the drum-can-instaned pens (Pen D

and Pen GD) were analyzed using MANOVA (Wjlks' Lambda). Ihen, post-hoc test vvas

perfbrmed with Scheffe's E

  The effect ofpen on the mean number of sampling points for behaviors during 2-h moming

and evening observations, the concentration of blood constituents ar]d the average daily gain

(ADG) for 4 months after installation of the drum can was analyzed using the

repeated-measure ANOVA by using the GLM procedure of SAS (SAS Institude Inc. 1990).

The effect of pen on the post-slaughter measurements and the estimated carcass value was

analyzed using one-factor fhctorial ANOVA. If the effect vvas significant, post-hoc test was

perfbrmed with Tukey's HSD or ScheffE's F test. As for behaviors, these analyses were

perfbrmed separately for morning and evening observations because of unequal imervals of

feeding.
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   The proportion of all behaviors fbr 2 h after feeding for 5 months after installation in each

pen was analyzed using the chi-square test. Then, to analyze the effect of pen on the

proponion ofeach behavior, the post-hoc test was perfbrmed with Tukey's HSD.

  Association betvveen ADG DO, the post-slaughter and behavioral measurements was

determined using Spearman's correlation coethcient. Association between ADG and

tempemment scores was also (ictemined using Spearman's correlation coefficient.
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Results

Behavlornt metzsztrements

  The frequency ofthe steers' access to a drum can was higher for a few months (from 2 to 3

months in the moming observations, from 2 to 3 months in the evening observations)

compared tojust after (O month) and after 4 months of installation (all P<O.05). ln detail, the

mean frequency (±SD) of access during the moming observations was 2.03±1.68, 1.95±

1.71, 2.60±1.84, 2.85±1.90 and 2.02±1.58 timest 2h of observation period in O ljust after

insta11ation)- 4 months, respectively in the evening observations, it was 1.77±1.56, 2.31±

1.79, 2.47± 1.77, 2.46±1.64 and 1.76±1.51 times in 04 months, respectively (Fig 3･-2).

  The mean frequencies (±SD) of al1 behaviors observed jn this study for 5 months after

installation and removal of the drurn caii are shown in Table 3-2 and Table 3-3. The

installation of the drum can increased the total frequency of active behaviors (P<O.Ol), which

include eating, drinking, agonistic behavior, grooming, investigating, meving and salt-licking.

ln particular, the ftequency of eating was significantly higher in Pen D than in the other pens,

and it was higher in Pen GD than in Pen C both in the moming and evening observations (all

P<O.O1). In the morning observations, the frequency(±SD) of eating was 5.43 ± 1.80, 6.76 ±

2.19 and 6.32±1.89 times in Pen C, D and (il), respectively. In the evening observations, the

frequency (±SD) of eating was 5.39±1.69, 6.56±1.91 and 6.17±1.82 times in Pen C, D

and GD, respectively On the other hana the frequency of active behaviors was not different

between pens after removal. Ihe frequency of eating became the lowest in Pen GD in the

moming observations (P<O.05). ln detaiL the frequency (±SD) of eating was 3.76±2.10,

3.72±2.04 and 3.38±1.77 times in Pen C, D and GD, respectively.
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Tab給3－29　Mean　f「equency（±SD）of　each　behavbrs　durhg　2h　oギthe　mom㎞g　and　ov8ning　observatbns　for　5　m㎝ths

a俺er㎞sもal』tion　of　a　dn」m　can 37
Observ叡jon

　timoユ

Pony

Bohavior C D GD Pvalu■
Act評。　bo卜avi｛野s1）

Accoss　to　tho　drum　caa

Eat軌9（to也1）

Eathg　hay　at　the　drし『n　can

Ea慮ing　hay　at　the　trough

Eathg　ooncontrates

Groom㎞9（todヒaD

Groomihg　W硫斜tho　drum　can

Mutual　groo郎㎞9

Se卜gr◎oming

Groomhg　w網h　tho　equbme帆s

Drink漁9

栖ni鵡　 be㎞vior

㎞ve就i麟hg　血伽1）

hvo就圃ng愉。　drum　can

lnvos聰抽ng　tho　oqu触morL胎

Lk；k㎞g　bars　of　tho　pon

Moving

Sa一一羅cking

M
E
　
M
E
　
M
E
M
E
M
E
M
E
　
麟
E
M
E
M
E
M
E
M
E
　
蘭
E
　
M
E
　
M
E
M
E
M
E
M
E
　
麟
E
　
M
E

8」1±1．98G

8．99」＝1．680

5．43：ヒ1．800

5．39ヨヒ1．69◎

214士1．506
2．08＝ヒ1。37・

3．28±131・

3．30±1．30・

t36：ヒ124

1．83ま＝1．35

0．74±0．96

1．03±1．08

0．44ゴ＝0．69

0．60＝ヒ0．83

0．18ヨヒ0．45

0．21±0．50

021＝ヒ0．41

020±0．41

0．21士0．46・

0．40士0．65

α12士0．34b

O．17士α41b

O．12±0．34め

0．17：」ヒ0．41．

0．10±0．328

0．12士0．33．

0．73＝」＝0．86・

0．97±0．97●

0．05±0．31

0．03士0．16

9．40±L99・

9．96＝ヒt578

2．47：：ヒ1．930

2．15圭1．75

6．76＝ヒ2．1go

6。56＝t1．91　0

z36±1．92亀

ZO8±1．74
1．38＝ヒ155b

1．60士1．42b

3ρ2ゴ＝12gb

Z88ま：122　b

1．36ヨヒ1．36

1662」ヒ翫37

0．04士022b

O．02±0．15b

O．73＝ヒ1ρ3

0．94：ヒ1．14

042：ヒ0．65

0．48：士＝0．75

0．17士0．46

0．17士0．46

0．24士0．46

0．24土0．47

0．23±0．47●

0．46±：0。73

0．15：ヒ0．41b

O．16±0．42b

O．07土027b

α05士021b
O．08：ヒ0．31　b

O．11土q34　b

O．05±0．23b

O，05ヨヒ0．22b

O．64土0弓828b

O．90±：0．97・

0，02土0．17

0．02ま：0．15

8．94士2ρ4b　　　〈α01

9．53±t73　b　　　〈0．01

2」0士1．5g　b　〈OjO

2」5圭t62　　　n5

6．32＝ヒ1．8gb　　　〈α01

6」7＝ヒ1．82b　　　く0．｛⊃1

1』二士1．54b　　　〈0．01

1．97±1。55　　　　　　碗s

1，10±1220　　〈0ρ1

1．30±1．260　　〈0．01

3．31±t358　　　〈0．01

2』89±10gh　　　〈0．01

1．32ま1．28　　　　　　喚s

1．71：ヒ1。40　　　　　　ns

O．08±0．29の　　く0．05

0．06±0．30亀　　　く0．05

0．64：止：0．92　　　　　ns

1．00±1．02　　　　　　ns

O〆審8±0．80　　　　　　ns

O，51＝to．76　　　　　　ns

O．12士0．35　　　　　　ns

O．13±028　　　　　ns

O．28圭0．50　　　ns

O．25＝ヒ0．48　　　　　　n6

0．15」＝0．41b　　　〈OjO

O．41；ヒ0．67　　　　　　ns

O25＝ヒ0．54禽　　　く0．01

0．26＝ヒ0．58●　　　〈0ρ5

0．12±0」39●　　　〈0。05

0．12士0，39．　　〈0，01

0．14：ヒ0．38・　　　〈0．10

0」4＝ヒ0。388b　　　〈0．10

α10＝ヒα32覇b　　　〈0．05

α09ま030歯　　く0，01

α58土0。78b　くα琶0

α68士0．ηb　〈0．01

0．04＝」ヒ027　　　　　　ns

O．04ヨ＝025　　　　　　ns

1㎜ctive　behavbrSの

Rosthg（totaD

Stahd－r66ting

Lat餌鴇1　resth8

Chowhg（t。taD

St8nd－ohowhg

Latora60h6win9

T㎝guo　ro弼hg

M
E
　
M
E
M
E
M
E
　
襯
E
M
E
M
E
　
M
．
L

3．89±1．98・

3．00士翫698

3．63ヨ＝1」876

2．77圭1．55。

3．01土1．63．

2．62：±1。54亀

0．62＝量＝123

0．16±0．55

026±O．67
0．22±：0β書・

0」5士0。47・

O．13：士0．36喧

0．10士0．50

0．10士0．44・

0．11±0．33

0」1士α37

2．60±1．ggo

2．04±t57◎

237±1．810
1．96ゴ＝1．51　0

t75：ヒ1．380

書．81購書．46G

O．61：t130

0．15」ヒ0．61

023士0．70
0．09士0．38b

O．08ま：0．32h

α05±0．26b

O．15＝ヒ0．64

0．04±0．2gb

Oj4＝ヒ0．44

0」3±0．42

3』｝5ヨ＝2．04b　　　〈α01

2．46ヨヒ1．73b　　　〈0ρ1

2．81＝ヒ13gb　　　〈0．01

234±1．67b　　　く0ρ1

Z23±1．6gb　　く0．01

2」2±155h　　　〈0ρ1

0．59ゴ：1。18　　　　ns

O．23ゴヒ0コ6　　　　　　ns

O24土0．68　　　　ns
O．12±0．43画　く0．01

0．11±0。40ゆ　　く0．10

0。08±0．30南　　く0．01

0．13士0．48　　　　　　ns

O．04士0．27b　〈0．10

0．12±0，42　　　　　ns

O．06ゴヒ025　　　　　　n8
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Table3'3.Meanfrequency(±SD)ofeachbehavicwsduring2hof'themomingandeveningobservationsfbr5montiis
after removal of a drum csn

Observation

  timez

PenY

Behavior c D GD P value
Active behaviorsO

Eating Ctotal)

 Eating hay at the trough

 Eating Goncerrtrates

Grooming (total)

 Mutual grooming

 SeN-greoming

 Grooming witii the equipments

Drinking

Aa onistic behavior

Investigating (total)

 licking bars of the pen

 !nvestigating bars of the pen

 Moving

Satt-"cking

rnactive behaviorsn

Resting (total)

 Stand-resting

 LateraI resting

Chewing (total)

 StancFchewing

 Lateral chewing

Tongue roIling

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

M
E

-M

E

M
E

M
E

5.91±2.37

6.87±2.35

3.76±2.10

4.17±2.09

1.17±1.60

1.43±1.47

2.59±1.39

2.74±1M

1.28±MO
1.50±1.29

O.74±O.94

O.98±1.07

O.33±O.65

O.34±O.60

O.21±e.48

O.18±O.45

O.18±O.41

e.22±O.47

O.20±Ona
O.28±O.54

O.os±029

O.18±OA3

O.05±C24
O.16±O.35

O.os±O.18

a.o7±o2s

O.36±O.63

O.49±O.77

aos±o.n
O.03±020

5.81±2.25

5.13±2.35

5.39±2.12

4.69±225
3.75±2.06

3.7S±2.21

1.63±.1.96

O.9I±1.44

e.42±O.87

OM±O.95
e.22±e.56

e.24±e.oo

021±O.65

O.20±O.62

O.05±021

O.07±O.25

s

b

b

b

5.82±2.52

7.oo±2.32

3.72±2.04

4.06±2.03

1.02±1.35

1.48±1.48

2.69±1.52

Z57±1.28

1.13±1.14

1.57±129

O.69±091

1.06±1."

028±O.53

O.36±O.59

O.17±O,`K)

O.15±O.40

onO±O.42
O.26±O.51

O.17±O.43

e.co±o.6g

O.15±O.38

e.13±O.37

eos±o.27
e.(}9±O.32

O.07±O.25

O.oc±O.19

OAI±O.72
O.52±O.72

e.o3±o2o

O.05±O.72

5.89±2.42

5.oo±2.32

5.43±2.33

4.53±226

3.86±2.42

3.53±2.15

1.57±1.95

1.oo±1.57

OA7±e.87

O.47±O.98

o23±esg
021±O.51

O.24±O.67

e.26±O.77

O.17±O.53

O.13±O.49

.

ab

ab

b

5.66±2.34

6.7e±2A3

3.38±1.77 b

3.97±2.03

O.86±124

1.19±1.34

2.51±1.33

2.75±1.31

1.25±1.27

1.B±1.22

O.69±O.92

O.89±1M
O.38±O.72

O.34±O.58

e.18±O.45

021±O.42

O.22±O.43

O.21±O.43

024±O.52
O.38±O.67

O.18±OA6 n

021±O.44

O.09±O.35

O.13±O.36

o.os±o.2g a

O.os±024

037±O.68
O.48±O.79

O.03±O.18

O.02±O.14

6.05±2.27

5.so±2.43

5.61±Z27
4.87±2.42

4.28±22S'

3.62±2.17

1.33±1.88

1.25±1.79

e.43±1.01

O."±O.88

O.23±O.66

O.23±O.59

O.no±O.69

O.20±O.66

O.oo±O.37

o.o6±a27

 ms

 ns

<O.05

 ns

 ns

 ns

 ns

 ns

 ns

 ns

 ns

 ns
 ns

 ns
 ns

 ns

 ns
 ns

 ns

 ns

<O.G5

 ns

 ns
 ns
<O05

 ns

 ns
 ns

 ns
 ns

 ns
 ns

 ns
 ns
<O.05

 ns
 ns
 ns

 ns
 ns
 ns
 ns
 ns
 ns

 as
 ns

1) Aative behaviors include eating drinking agonistic behavior, grooming investigeating meving and saR-licking

2) inactive behaviors inelude resting and chewiag

Zue morning observation:E: eyening observation

'C: control pen; D: enriched pen using a druin can; GD: enriched pen using a ckurn oan with an artifiGial turf

Differont lebers indieate significant differenoes ata certain P value described in the far right celum

                          -Li '-t.l '),' tt::]..ll: i'fl.i;J. i,,,'eit/':.1i,'t-,{' :.L:'i;. .:v:-' .e ' z.

38



39

  Usage ofthe drum can was different bemeen Pen D and Pen GD. The frequency(±SD) of

eating hay at the drum can was higher in Pen D (2.36±1.92 times) than in Pen GD (1.90±

1.54 times) in the moming observations (P<O.Ol). The frequency of grooming with the drum

can was higher in Pen GD (O.08±O.29 and O.06±O.30 times in the moming and evening

observations, respectively) than in Pen D (O.04±O.22 and O.02±O.15 times in the moming

and evening observations, respectively) both in the moming and evening observations (both

P<O.05). The frequency(±SD) of investigating the drum can was higher in Pen GD (O.12±

O.39 and O.12±O.39 times in the moming and evening observations, respectively) than in Pen

D (O.07±O.27 and O.05±O.21 times in the moming and evening observations, respectively)

jn the moming (P<O.05) and evening (P<O.O1) observations.

  Transition of eating feed and place vvas not different between the moming (A=e.99,

P=O.93) and evening (A=O.96, P=O.49) (ibservations. ln both observations, steers ate hay at

the (imrri can (7.4±1.6 and 7.0±2.0 times in the moming and evening observations,

respectively) more frequently than at the trough (3.6±1.5 and 4.2±1.9 times in the moming

and evening observations, respectively) (both P<O.Ol) after they finished eating concentrat'
es

at the feeding alley (Fig.3-3).

  Pen differences in other beimiors were also found (Table 3-2 and Table 3-3), The

frequency ofinvestigating in Pen GD vvas higher than those in other pens both in the moming

(both P<O.O1) and evening (both P<O.05) observations during the instal!ation period As for 5

months after removal, the frequency of irrvestigating in Pen GD became higher than those in

Pen C in the moming observations (P<O.05). The fiequency oflicking bars was higher in Pen

C than in Pen D in the rnoming (P<e.05) and evening (P<O.O1) during installation, vvhereas it

became higher in Pen GD than in Pen C in the moming observations (P<O.05 after removal).

The frequency of moving was higher in Pen C and Pen D than in Pen GD in the evening
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Fig. 3-3. Eating pattems of steers in enriched pens (Pen D plus Pen GD) in

which a drum can was installed in the morning (above) and evening (below)

observations. EC->ET: Transition from eating concentrates at the feeding alley

to eating hay at the trough. EC-.ED: Transition from eating concentrates at the

feeding afley to eating hay at the drum can. ED'ibothers: Transition from eating

hay at the drum can to other ptaces. Different Ietters indicate signficant

differences (P<O.Ol).
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(P<O.Ol) for 5 months of insta11ation The frequency of inactive behaviors which consisted of

resting and chewing was higher in Pen C than in the other pens, and it was higher in Pen GD

than in Pen D in the moming and everring (al1 P<O.Ol) during installation. The frequency of

resting and stand-resting were higher in Pen C than in the other pens, and it was higher in GD

than in Pen D in the moming and evening (all P<O.Ol) during installation. The frequency of

chewing and stand-chewing were higher in Pen C than in Pen D in the evening (both P<O.O1)

during installation. The frequency of tongue rolling was not significantly different between

pens both during installation and after removal. The frequency of stand-resting became higher

in Pen GD than in Pen C and D in the moming observations (P<O.05) after removal.

  The proponion ofall behEwiors for 2 h after fl:edmg fbr 5 months after installation is shown

in Fig. 3-4. There was a relevance between the proponion of behaviors and pen conditions

(x 2==397.7, P<O.OO1). 'Ihe proponion ofeating hay was greater in Pen D and GD than in Pen

C, and that was greater in Pen D than in Pen GD (both P<O.05). On the other hand, the

prop()rtion of licking objects was less in Pen D than in Pen C (P<O.05). The proportion of

perfbrming stand resting was less in Pen D and GD than in Pen C (P<O.05). in addition to

these results, the proportion of walking was greater in Pen C than in Pen GD (P<O.05). The

proportion ofinvestigating objects was greater in Pen GD than in Pen C and D, and that was

greater in Pen D than in Pen C (both P<O.05). Howeveq the proportions of selfigrooming and

allogrooming were not significandy different between pens.

  Correlation coefficierrts of DO with behayiors for 5 months after installation of the drum

can are shown in Tal)le 3-4. In Pen GD, the frequencies of access to (rs== -O.59, P<O.Ol), eating

hay at (r,= -O.49, P<O.05), and grooming with a drum can (k= -O.54, P<O.Ol) correlated

negatively with I)O. In Pen D, the ftequency of eating concentrates at the feeding alley (r,=

-O.41, P<O.05) and selfigrooming (r,= O.49, P<O.05) correlated with DO. ADG tended to
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Fig. 3-"4. The proportion of att behaviors for 2 h after feeding for 5
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Table 3--4. Correlation coeeacents (r,) of DO with the fi'equencies of

behaviors for 5 months after installation of a dwm can

PenZ

Behavior c D GD
Access to a drum can

Eating

Eating hay at the drum can

Eating hay at the trough

Eating concentrates

･--O.13

e,1 2

-O.04

-O.28

-O.38 t

--O.26

 O.06

     *-O.41

     #-O.59

-O.26

      *-O.49

 O.42 "

-O.30

Grooming

Grooming with the drum can

Mutual grooming

SetFgrooming

Grooming with the equipments

D.08

-O.20

 O.24

 O.07

 O.24

-O.12

O.20

 OA9 '

-O.33

-O.1 6

     "
--O.54

--O.24

 O.12

 O.02

lnvestigating

!nvestigating the drum can

lnvestigating the equipments

licking bars of the pen

O.1 5

-O.15

-O.13

 O.05

-o.2e

 O.16

 O.06

-O.17

･-O.11

 O.04

 O.05

Restin O.1 O e23 O.24

Significant correlations at tP<O.1O, *P<O.05 and **P<O.Ol

Z C: control pen; D: enriched pen using a drum can;

 GD: enriched pen using a drum can with an artificial turf
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correlate negatively with DO (r,= -O.22, P==O.07).

Ilh)zsiologe'catparanaers

  Mean plasma dopamine concentrations (± SD) for 5 months after installation were higher

in Pen D (11.71±7.79 pglml) than in Pen C (6.73±3.57 pglml) (P<O.05) (Fig. 3-5 (a)), and

mean serum triglyceride concentrations (±SD) tended to be higher in Pen C (26.50±3.71

mgtdl) than in Pen (]M) (23.27±5.53 mg/dl) (P==.O.06) (Fig. 3-5 (b)). Other blood constituents

in plasma and serum samples were not significantly different between pens.

  Mean serum total cholesterol concentrations (±SD) in Pen D (111.38±20.15 mgldl)

became higher than in Pen C (93.67±15.73 mg/dl) and GD (105.12±20.71 mgldl) (both

P<O.05) after removal, and those in Pen GD became higher than in Pen C (P<O.05) (Fig. 3-6

(a)). ln addition, mean serum triglyceride concentrations(±SD) were higher in Pen C (26.09

±3.62 mgldl) and D (25.53 ±5.49 mg/dl) than in Pen GD (22.68±4.88 mgldl) (P<O.05) (Fig.

3-6 (b)).

Producttve trzzits

  Although change in body vveight after installation of the drum can was not significantly

diffk:rerrt between pens, the average body vveight(±SD) in Pen D (423.6±30.2 kg) and Pen

GD (420.6±26.6 kg) at 4 months after the installation was heavier than that in Pen C (414.5

±28.2 kg).

  Correlation coethcients of ADG with the frequencies of behaviors for 5 morrtbs after

insta11ation are shown in Table 3-5. ADG was not significantly differerrt between pens, but it
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correlated positively with the frequency of eating hay at the drum can in Pen D (rs= O.52,

P<O.O1). ln Pen C, ADG tended to correlate with the frequency ofeating hay at the trough (rs=

O.35; P<O.10). ln Pen GD, ADG correlated pesitively with the frequcncy of eating

concentrates at the feeding alley (r, = O.51, P<O.05). ln Pen D and GD, the ftequency of resting

correlated iregatively with ADG (Pen D: r,= -O.41, P<O.05; Pen GD: r,= -O.42, P<O.05).

  Correlation coeMcients of ADG with the frequency of each behavior for 5 months after

drum can removal are shown in 'fable 3-6. ln Pen GD, ADG correlated positively with the

frequency of investigating the equipments (r,=: O.49, P<O.05). In addition. ADG correlated

negatively with the frequency ef grooming (r,== -O.41, P<O.05) and mutual grooming (rs==

-O.39, P<O.05). ln Pen C, ADG correlated with the frequency of eating concentrates (rs= O.62,

P<O.O1) and the frequency ofselfgrooming (r,= -O.45, P<O.05).

  Although temperament scores at 4 different handling treatments were not different between

pens, ADG fbr 5 months after installation correlated negatively with the tempemment score

on the scales in Pen D (r,= -O.60, P<O.Ol) (lhble 3-7). in Pen GD, ADG for 5 months after

installation tended to correlate negatively with the temperament score on the seales (r,=- O.37,

P<O.10) and at the blood sampling (r,= -O.35, P<O.10). As for 5 months after removal, there

were no sigrtificant correlations between ADG and tempemment scores.

  As fbr carcass characteristics, beef be11y (±SD) vvas thicker in Pen D (7.73±O.84 cm)

than in Pen C (6.97±1.12 cm) (P<O.05). Beefbe11y (±SD) in GD was 7.41±O.95 cm thick

Although the beef marbling number was not significarrtly different between pens, it correlated

with the frequencies of eating hay at the drum can (r,==O.45, P<O.05), investigating the drum

can (r,=-O.44, P<O.05) and grooming with the drum can (ng=O.40, P=O.07) in Pen GD (Table

3-8). in Pen D, the beef marbling number tended to correlate with the fteqErencies of eating

hay at the dmm can (r,==O.41, P=O.06). eating hay at the trough (r,= - O.39, P=O.07) and eating
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Table 3--5. Correlation coeficents (r,) of ADG with the fiequencies ef

behaviors for 5 months after installatien of a drum can

PenZ

Behavior c D GD
Access to the drum can     .O.50 O.18

Eating

Eating hay at the drum can

Eating hay at the trough

Eatlng concerttrates

 O.16

-
 O.35 t

D.11

 O.37 t

 O.52 "

K).15

 O.18

    *O.50

O.18

O.21

    *O,51

Grooming

Grooming with the drum can

Mutual grooming

Self-goem;ng

Grooming vvith the equipments

O.26

h
 O.24

t.14
 o.es

 O.03

 o.e7

 O.09

D.25
 O.24

-o.e4

-e.o3

O.02

--O.12

 O.16

lnvestigating

lnvestigating the drum can

Investigating the equipments

licking bars of the pen

".30

 ta
".30
-O.31

D.33
-O.19

-O.28

£.24

 O.02

-O.1 4

 O.13

O.19

Restin -O.21      *-O.41 -O.42 '

Significant correlations at tP<O.10, *P<O.05 and **P<O.Ot

ZC: control pen; D: enriched pen using a drum can;

 GD: enriched pen using a drum can with an artifieial turf
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Table 3-6. Correlation coeMcents (r,) of ADG with the frequencies of

behaviors for 5 months after removal of a drum can

Behavior c

PenZ

D GD
Eating

Eating hay at the trough

Eating concentrates

 O.41 O.12
-O.16 O.17
 O.62 " ---O.i2

O.47 '

O.29

021

Grooming

Mutual grooming

Self-grooming

Grooming with the equipments

-O.23

 O.07

     *--O.45

-O.23

-O.23

-O.1 7

-O.30

 O.09

     *-O.41

     *
--O.39

-O.28

 O.09

Investigating the equipments

Licking bars

-O.09

 O.Ol

O.06

O.Ol

O.49 '

O.23

Restjn -O.25 O.1 O -O.1 3

Significant correlations at tP<O.1O, *P<O.05 and **P<O.Ol

ZC: control pen; D: enriched pen using a drum can;

 GD: enriched pen using a drum can withan artificial turf
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concentrates (rs = O.37, P"=O.08). ln Pen D, furthermore, dressed carcass weight correlated with

the frequency of eating hay at the drum can (r,= O.43, P<O.05). Subcutaneous fat thickness

correlated with the frequency of grooming with the drum can (r,== O.5l, P<O.05) in Pen D. In

Pen GD, subeutaneous fat thickness correlated with the frequcncy of eating hay at the drum

can (r,=O.46, P<O.05), and it tended to correlate with the frequencies of grooming with the

drum can (rs=O.38, P =O.08) and investigating the drum can (r,==O.41, P=O.06). Nthough it was

not statistically significant, the estimated ayerage carcass value (± SD) in Pen D (¥601,123 ±

129,616) and Pen GD (¥580,988±93,421) was higher than in Pen C (¥532,408±145,160).
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Discussion

Beham'orzti metzsuremems

   The steers continued to access the dmm cans fbr 3 months after installation They did not

access the drurri cans frequently right after insta11ation, suggesting that the dium can was

perceived as a novel object. In our previous study with pigs (Ishiwata et al., 2002), it vvas

found that the pigs displayed investigation of the box that we gave them to provide an escape

area from fighting,just after insta11ation. Herskin et al. (2003) have fbund that a novel feeding

methoa even with the usual fOod, temporarily decreased duration ofeating in dairy cows.

  Drum cans vvere continuously used in manners of eating investigating, and grooming as

we had expected. ln most ofthe previous studies on environmental endcimerit (Schaefer et al.,

1990; Jones et al., 2000; Wilson et al., 2oo2; Pellcy et al., 1995), the long-term persistence of

animal's interest in provided devises is not clear. The insta11ation of drum cans in this study

increased the frequencies of active behaviors especially eating. Since steers vvere fed

restricted amount of concentrates during the early fattening stage, the increment behavior is

eating hay. ln both pens with a drum can installea more steers ate hay at the drum can after

they finished eating concentrates at the feeding alleM rather than at the trough. This suggests

that the drum can vvas more attractive for steers to eat hay than the usua1 trough. This is also

supported by the fact that thc drum can vvas used more frequently by dominant steers. Pelley

et al (1995) ime demonstrated that steers like to access bale straw because they can destroy it

and display their natural foraging behaviot ln the present studM bale hay provided in the

drum can miglrt make it easier for steers to destroy the bale, because the height ofthe drum

can fitted the height ofthe steers'javv;
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   Redbo and Nordblad (1997) have reported that restrietive allowance of roughage increase

and develop oral stereotypy. Although the number ofsteers that displayed tongue rolling was

not different between the pens in this studM steers in the control pen licked bars of the pen

more frequently than in the other pens with a drum can installed This suggests that

insta11ation ofthe dnrm can improved the enviromment of the pens.

   On the comparison of behaviors of steers in a pen and pasture in Chapter 2, it was

suggested that the steers in a pen environment might perfbrrn more the oral behaviors such as

selfgrooming, allogrooming, licking objects and tongue rolling other than eating to

compensate for the 1ack of occurrence of feeding behaviors. ln this studM eating behavior

encoumged by installing the drum cans reduced licking objects in the oral behaviers other

thm eating. Hovveveg grooming behaviors as the oral behaviors other than eating were net

affected by increased eating. in relatively small envirorment, the steers would also perform

self:grooming and allogrooming to keep social communication and their body clean.

Although it vvas expected that using the turf for grooming could decrease selfgrooming the

effect ofthe turf was not shown in the frequency of selfgrooming.

  After removal ofdrum cams, some behavioral changes were found in eating, investigating

bars and resting, especially in the pen with the drum can installed around the artificial turfthat

was put. These results suggest that the drum can with an anificial turf vvas more attractive

than the simp!e drum can. The drum can with the artificial turf promoted grooming behavior

and investigating behavior at the drum can more than at the simple drum can. Bayne et al.

(1991) have found that singly-housed rhesus monkeys displayed higher level of stereotyped

behavior after removal of enrichment devices tiian they did in the period prior to adding these

devices. In the present study) behavior of investigating bars increased after removal of the

dmm caq especially in the pen with the drum can insta11ed around the artificial turf that was
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put.

  All temperament scores vvere not different between pens. Ihis agrees with the reports on

pigs that enrichment did not affect the ease ofhandling (Hill et al., 1998; Day et al., 2002).

PJtysiolOgricalparaineters

   Some physiological parameters reflected changes in behaviors induced by insta11ation of

the drum can. As dopaminergic activities cause opiate induction and selfnarcotisation,

increase of plasma doparninc concentrations in the pen with a drum can is especially

noteworthy. This might be (bue to so-called social faciljtation in which steers were given some

positive stimulus vvhich activated by eating with familiar peers at an attraedve feeder

Decrease of serum triglyceride concerrtration in the pen with a drum can might reflect

promoted fat metabolism by this increased activity

   ln the present studM stress-related hormones (cortisol, adrenalin and noradrenalin) vvere

not affected in their concentradons by enriciment. Vk:issier et al (1997) have demonstrated

that enriciment did not affect meuroendocrine responses to stress, despite the fact that calves

spent more time licking their lips and tongue rolling under socially and Physically deprived

conditions. Qn the other hand, Redbo (1998) has shown in dairy heifers that the higher their

stereotypy level, the lomer the cortiso1 response ofthem. in addition, there were some reports

that pigs in an enriched pen have higher baseline cortisol concentrations (Jong et al., 1998;

20oo), and pigs in a barren pen have a blunted circadian thythm in conisol (Jong et al., 2000).

These studies indicate that a hypothalam"pituitary-adrenal axis in barely housed pigs is less

sensitive to environmema1 stress. Beattie et al. (20eOb) and Jong et al. (1998) have also found

the difference of cortiso1 responses to acute stress between pigs from barren and enriched

"' x 'i.'lr.:'/' ;'11"'L'='
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environments. Thus pen environment in the present study was not likely to be so bare even in

the control pen. This interpretation is emphasized by no differences in the incidence of a

stereotyped behavior like tongue rolling between pens.

   After removal of the drum cans, increase of serum total cholesterol concentrations in the

pens installed with a cimrn can was shown during the middle fattening stage. Increase ofblood

cholesterol is known to lead to improved beefmarbling score (JLIA, 2000).

Rroductive tratzs

  Although the average b(xly weight was not different between pens, eating hay at a drum

can correlated with daily gain. Eating hay from and grooming with a drum can vvas afliected

by social rank especially in the pen with a drum can installed around an artificial turf. Higher

ranking steers more frequently ate hay and rubbed their heads and necks at the druni can than

did the lower ranicing steers. Hasegawa et al. (1997) have rcported that the eating behavior of

the subordinate heifers were irrterrupted by an attack of dominants. It is conceived that this

kind of social disturbance of eating should occur around a drum can, resulting in variations in

the weight gain of steers. As for the interrelation of ease of handling with weight gain, more

restless steers on the scale had better grewth in both pens with a drum can installed Icannot,

howeveg find the reason ofthis.

   The positive effects of enrichment by installing dmm cans improved carcass

characteristics of steers such as beef belly thickness, beefmarbling score and subcutaneous fat

thickness. Behavioral facilitation of eating from and grooming with a dmm can in the early

fattening stage activated animal mentioned before, and improved their final productivity

Beattie et al. (20ooa) and Klont et al. (2001) have reported the positive effect of

ri/ ,L.,'1-:･,-.- '/,),,. J,:,,/,. .:,.-:': =' 1-I!' i'"
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environmental enriciment on the meat quality of pigs, but only the short-term effect of social

enriclment on growth has been reported in beefcaule (Loerch and FIuharty, 2000). Thus this

would be the first report demonstrating that facility enrichnent in the early fattening stage can

have long-term subsequent effects and improve carcass characteristics of beef cattle.

                               Conclusions

  Insta11ing a drum can as an environmeiital enriciment in the early fattening stage of steers

improved their final productivity. Although social factors affected steers' success to access the

dnim can, the drum can kept the steers attracted and promoted their growth by encouraging

their eating and grooming with it for several months after installation. Some physiological

parameters reflected these positive changes in behaviors during insta11ation. ln addition,

behavioral and physiological positive effects lasted even after removal of the drum caii and

improved the final carcass characteristics ofbeefcattle.

=::, L. ;.:･ ,1:il .[,zl.･
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                               CHAPTER4

Choice ofattractive eonditions by beef cattle in a Ybmazejust after release frem restraint

                                Objectives

   As results ofChapter 3, it was shown that the environmental enriciment did not afilect the

steers' responses to a human handling such as vveighing on the scale. In the enriched pens,

however, more restless steers during human handling had better growth rate.

   For beef cattle that have usually minimal contact with human, being handled by human

under isolated from peers and restricted condition should be more stressfuI. So, the causations

of difficulty in handling and the way to moderate cattle's stress were investigated by

determining the attractiveness of beefcattle to different conditions immediately after release

from restraint. in this chapteg the Y: maze test was used to determine the reactions of the

subject animals that were allowed to chcose the conditions veluntarily

   in experiment 1, the reactions of cattle that were given a choice in the relative pesitive

conditions such as peers, food and bare condition were determined. In experiment 2, the

reactions of the caule that were given a choice in the relative aversive conditions such as

human having different posturc and position, and novel object vvere detemined. in

experiment 3 and 4, whether sheep that were familiar to the cattle were as attractive as

conpecific peers was determined even though they vvere different species.

-1/1 L-- './ tt-1: 1/Jlr.., 't/.' J'" ttLi''
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                            Materials and methods

Ani'mb and test proeedure

   One hundred and eighty nine Angus heifers, averaging 12 months of age and 391.5±33.0

kg, were used in experiment 1 and 2. Tbta1 157 Aiigus heifers, average 9 months of age were

used in experiment 3 and 4. The heifers were born in 2002 (experiment l and 2) and 2003

(experiment 3 and 4) and reared at pasture at the Agricultural Research Centre Trangie, New

South Wales, Australia. The Y:maze was constructed barred meta1 fence panels 1.6 m in

height and covered with hessian sheets to minimize the effect of outside distraction. It

consisted of a forcing pen, single file race (O.9×11.8 m), a crush (O.9×2.75 m), a choice area

and two choice pens (6.5×8.5 m each). The floor of the choice area and the choice pens was

bare earth. Each choice pen vvas divided into three equal-sized sectors marked out on the

ground with rope (Fig. 4･-l).

   Animals vvere used once only during the testing procedure. Before testing, the animals

were kept in the holding pens a{ijoining the fbrcing pen. Each animal was then moved down

the race and into the crush individually by one handler. The test animal was contained in the

crush for two minutes without restraint in the head baiI, which was simply used as the front

gate of the crush to contain the animal. For the first approxirnately 30 seconds out of the two

minutes, the handler stood in the front ofthe animal. During comainment, the behavior oftest

animal was rated on five point scale of Grandin (1993). The ratings were: (1) clam, no

movement; (2) slightly restless; (3) squirming, occasionally shaking the crush; (4) continuous,

very vigorous movement and shaking of the crush; (5) rearing, tvvisting of the body and

struggling violently.
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   After the two minutes of containment, the head bail was opened and the animal was

released from restraint. AII animals were alIowed to voluntariIy leave the crush, and they were

never touched by the handler. After the animal left the crush, the animal could enter the choice

area from where it could choose one ofthe two pens. Ifthe animal entered neither ofthe two

pens within five minutes, the handler entered the choice area near the exit of the crush and

walked slowly behnd the animal until it entered one of the choice pens. This handler walked

along the center line of the choice area in order to avoid influencing the choice made by the

test anima1. The choice pattern (voluntarily/forced) vvas recorded. Choice vvas defined as all

feet ofthe animal entering one or other of the choice pens. Following its origima1 choice, the

animal rernained undisturbed fbr five minutes, during which time it could freely enter either

ofthe choice pens, the choice area or cmsh.

   From the time of its release from the crush urrtil the completion ofthe tesg the behavior of

the animal was recorded on video tape. From this tape, the time spent walking, standing,

investigating the ground investigating the side ofthe pen, selfigrooming, mbbing against the

sides ofthe pen and staying near the crush errtTance were determined. Also recorded were the

pen first chosen (side and treatrnent) and the latency to choose. These measurements were

common to both experiments.

Experiment I

   Each heifer was given one ofthe fo11owing choice combinations:

   (i) n=34, a pen contajning three familiar heifers eeers) aig. 4-2 (a)) vs. a pen with a pile

      of hay (Food) on a metal rack measuring 1.2 mxO.65mxO.65m (Fig. 4-2 (b)).

   (ii) n = 34 a pen contaming three familiar heifers (Peers) vs. a bare pen (Bare) (Fig. 4-2

      (c)).
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   (iii) n == 35, a pen with hay (Food) vs. the bare pen (Bare).

   The familiar heifers were selected from the animals a!ready tested. [hey stayed in a pen

measuring 6.5 mx4.3 m adjacent to the test pen separated by a barrier through which they

could have visual and physical contact with the test animal (Fig. 4-1). As well as the

behaviors described above, time spent engaged in social contact (sniffing and lickng peers),

eating hay, investigating hay and grooming with hay were also measured, depending on the

choice combimation offered. The time spent in each sector (S1, S2 and S3) was also recorded.

   The test took place over the course of the daM so some of the animals were tested using

each choice combimation in the morning and some in the afternoon. The tirne of each

combination was allocated randomly during the moming tests and during the aftemoon tests.

in any one choice pairing, the on which the choices appeared vvere equally allocated to the

right and left pens. During tests inyolving fboct the heifers to be tested were kept in the

pasture adjacent to the test facility to prevent their motivation for hay from changing as a

result of time off feed.

Expen'ment 2

   Another 86 heifers vvere given each one ofthe following choice combinations:

   (j) n-29, a pen with a familiar handler standmg inside (STI) (Fig. 4-2 (d)) vs. the pen with

      a novel object (NO) (Fig. 4-2 (e)). Standing inside means that the human was inside

      the choice pen, standing at the mid-point ofthe side opposite the entry gate.

   (ii) n-29, a pen with the same human standing outside the pen (STO) (Fig. 4-2 (fi) vs. the

      pen with the novel object (NO). Standing outside means that the human vvas standing

      ontside the cboice pen in the position where the animals has been in the Peer choice.

   (iii) rr=28, a pen with the same humm sitting inside (SI) (Fig. 4-2 (g)) vs. the pen with a
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      novel object (NO).

   The novel object was an orange-painted tire 40.6 cm in diameter suspended by rope 50 cm

above the ground at the mid-point of the side opposite the entry gate. The familiar handler

was the same parson leadmg the test animal to the crush before the test and standing in the

front of the test animals during the restraint. As well as the behaviors common to both

expenments we also measured time spent snithng and ljcking novel object and time spent

interacting with the human. The time spent in each sector (S1, S2 and S3) vvas also recorded.

Expen'ment3

   Another 90 heifers were given each one ofthe following choioe combinations:

   (i) n=30, a pen containing tirree familiar heifers (Peers) vs. a pen containing six sheep

      (Sheep).

   (ii) n=30, a pen containing three familiar heifers (Peers) vs. a bare pen (Bare).

   (iii) n=30, a pen containing six sheep (Sheep) vs. a bare pen (Bare).

   Twelve Merino young ewe averaging 10 months of age were used in experiment 3 and 4.

The sheep used as a choice were born in 2003 and reared at pasture at the NSW Aghcultural

Research Centre Trangie, Australia. [he six sheep vvere selected from twelve animals

alternately. They stayed a pen measuring 6.5 mx4.3 m adjacent to the test pen separated by a

barrier through which they could have visual and physical comact with the test animal (Fig.

4-I). As well as the beharriors described in experiment 1, time sperrt engaged in social comaet

with sheep was also measured, dependmg on the choice combination oilbred.
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Ercperiment 4

   Another 67 heifers were given each one ofthe following choice combinations:

   (i) n = 19, a pen comaming three familiar heifers (Peers) vs. a pen with the same novel

      object as experiment 2(NO).

   (ii) n = 22, a pen containing six sheep (Sheep) vs. a pen with the novel object (NO).

   (iii) n = 26, a bare pen (Bare) vs. a pen with the novel object (NO).

Statistitral analysis

   The numbers of heifers choosing each pen ar}d the number ofheifers choosing voluntarily

or after force were analyzed using the chi-square test. The 1atency to first choice was analyzed

using the Mann-Whitney U test. The 1atency to choose each pen on each combination of

choices was analyzed using the Kruskal`bWlaillis test or a one-way factorial ANOVA. If effects

were significant, post-hoc testing was perfbrmed with Scheffki's F-test. The behavior score in

the crush was analyzed using the Student's t-test or Mann-Whitney U test.

   Three periods of behavior of the animals were distinguished. These were behavior in the

choice area before the animal was making its first cheice, behavior in the choice pens and

behavior in the choice area after the animal made its first choice. 'Ihe effect ofcombination of

choices on the duration of behaviors in each pen and choice area vvas analyzed using the

one-way ANOVA. If the effect was significant, post-hoc test was perfbrmed with Tukey's

HSD.

   Comparisons between the numbers of times each pen vvas entered were made using the

Wilcoxson Matched Pairs test. The time spent in each pen and choice area vvas amalyzed using

one-way ANOVA or the Kruskal-Wiillis test. If effects were significant, post-hoc testing was
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perfbrmed with ScheffkS's F-test.

  The effect of pen and 1oeation within the pen (Sl, S2 and S3) on the time spent in each

sector per the total duration of staying in each pen vvas analyzed using tworway ANOVA･ If

effects were significant, post-hoc testing vvas perfbrmed with Tukey's HSD.
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                                 Results

]Expen'ment 1

   The percentage of heifers choosing the pen comaming other animals was significantly

greater than that of heifers choosing the bare pen Oc3-=5.76; P<O.05) (Fig. 4-3 (a)), the

percentage of heifers choosing other animals tended to be greater than that of heifers choosing

food (leZ=2.94; P<O.10) (Fig. 4-3 (a)) and there was no significant diffi:rence betvveen the

percemage of heifers choosing fbod and the bare pen Oc3=O.26; P>O.10) (Fig. 4-3 (a)). The

latency to choose a panicular choice condition (Peers, Food or Bare) vvas not significantly

affected by the choice condition on the ether side of YLmaze. However, 1atency (±SD) to

choose was significandy longer when the choice combination was `FcK)d vs. Bare'

(153.8L128.2 s) than vvhen it was `Peers vs. Food' (57.8±72.7 s) or `Peers vs. Bare'

(71.1±88.5 s) (both P<O.Ol). Furthennore, very few heifers had to be fbrced to choose when

the choice combination was `Peers vs. Food' Oc?=30.12; P<O.Ol) or `Peers vs. Bare'

(7cZ=19.88; P<O.O1), but when the corribination was `Food vs. Bare' (xl=1.40; P>O.10), 40% of

heifers had to be forced to choose (Fig. 4-3 (b)). The behavior score in the crush was not

significantly related to any ofthe choice parameters.

   in the choice area before choosing for the first time, heifers given the choice of `Food vs.

Bare' spent significantly less time walking (both P<O.05) and sperrt significantly more time

near the entrance to the crush (both P<O.05) than the heifers given the choices of `Peers vs.

Food' and `Peers vs. Bare'(Fig. 4-4 (a)). None of the other behaviors differed between the

combinations ofchoices.

   When Peers was one ofthe choices, heifers entered the Peers pen significantly more times
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(shaded bars) when presented with three combinations of choice (Peers
vs. Food, Peers vs. Bare and Food vs. Bare) in a Y'maze. Probability levels

are indicated by t'P<O.10, * P<O.05 and ** P<O.Ol.
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than they entered the Food (P<O.05) or Bare pen (p<o.ol) (Fig. 4-4 (b)). Howeveg when the

choice was `Food vs. Bare', there was no difference in the number of times heifers entered

either pen (Fig. 4-4 (b)). In fact, vvhen the choice was `Food vs. Bare', heifers spent

significantly more time in the choice area than in either ofthe choice pens (both P<O.O1) and,

when the choices were `Peers vs. Fcod' and `Peers vs. Bare', the heifers spent more time in

the choice area than in the Food (P<O.05) or Bare pens (P<O.O1) (Fig. 4-4 (c)).

   While in the pen with peers, if the alternative choice vvas the bare pen, heifers spent

signficantly more time investigating the ground than when the alternative choice was food

(P<O.05) (Fig. 4-5 (a)). The other behaviors were not significantly different between the

combinations of choices. wnen heifers were in the pen with fooa heifers spent significantly

more time investigating fOod when the alternative choice was the bare pen than when the

alternative choice was peers (P<O.05) (Fig. 4-5 (b)). There were no other significant

differences. In the bare pen, there were no significant differences between peers and fOod as

the alternaive choices. ln the chojce area during the time after the heifers had made their first

choice, the heifers given the choice of `Food vs. Bare' sperrt significantly more time at the

entrance of the crush than the heifers given the other combinations of choice (both P<O.05)

(Fig. 4-5 (c)). No other behaviors were significantly different between the combinations of

choices.

   The effect of interaction of pen and the time spent in each sector vvas significant

(P<O.OOI). ln the pen containing peers, heifers spent significantly longer in the sector closest

to the other animals than in the other sectors (both P<O.05) (Fig. 46). In the bare pen, the

reverse was true wherein animals spent significantly more time in the sector closest to the

entry gate (both P<O.05). ln the pens contaming fOod, the animals spent equal amounts of

time in the sector closest to the fbod and the sector closest to the entry gate, and the heifers
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spent the least amount oftime in the sector in the middle ofthe pen (both P<O.05) (Fig. 4-6).

The heifers spent significantly longer in the sector furtliest from the entry gate when their

peers were in the pen than vvhen fOod was in the pen (P<O.05) and significantly longer there

when food was in the pen than when the pen was empty (P<O.05) (Fig. 4-6). The converse

was true for the sector closest to the entry gate in that the heifers spent significantly less time

in this sector when food and peers were in the pen than when the pen was bare(both P<O.05)

(Fig. 4-6).

Experiment 2

   The percentage of heifers choosing the pen with the novel object was significantly greater

than the number of heifers choosing the human being, regardless of the position or posture of

the human (x3=9.97, 12.45, 7.00, STI, STO and SI, respectively; all P<O.Ol) (Fig. 4-7 (a)).

There were no significant differences in latency to choose between any of the choice

combinations. VZ:ry few ofthe heifers had to be forced to choose when the human was inside

the pen, either standing Oc?=18.24; P<O.O1) or seated Oc3=11.57; P<O.O1) but, when the human

was standing outside the pen Oc3=1.69; P>O.1O), 38% ofthe heifers had to be fbrced to choose

(Fig. 4-7 (b)). The mean behavior score (±SD) in the crush ofthe heifers choosing the human

sitting inside the pen (2.93±O.61) tended to be higher than that of the heifers choosing the

novel object (2.36±O.64) (P=O.05).

   The only significant difference in behavior in the choice area befbre choosing was the

greater time spent investigating the sides of the choice area in the heifers given the choice of

the human standing inside the pen and the novel object than in the heifers given the choice

between the seated human and the novel object (P<O.05) (Fig. 4-8 (a)).
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entry gate (Sl), the sector furthest from the entry gate (S3) and

the intermediate sector (S2) while in the pen with peers, the pen

with food and the bare pen by heifers presented with three choice
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a Y"maze. Dfferent Ietters indicate significant dH+erences, P<O.05.
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   ln the choice combinations where the human being was standing, heifers entered this pen

significantly fewer times than the pen containing the novel object (both P<O.Ol) but, when the

human was seated, there was no difference between the number of times the animals entered

the pen with the human or that with the novel object (Fig 4-8 (b)). However, regardless ofthe

choice combination, the time spent in the choice area was longer than that spent in either

choice pen (all P<O.Ol) (Fig. 4-8 (c)). There were no differences in the behavior of the

animals vvhile inside the choice pens or in the choice area after making their initial choice.

The interaction between choice stimulus and the time spent in each sector was not significant.

However, the effi:ct of sector was significant (P<O.OOI) in that heifers spent longer in the

sector closest to the entry gate (O.55±O.46 s) than in the intermediate sector (O.05 LO.l7 s) or

the sector closest to the human or the novel object (O.06±O.17 s) (both P<O.05).

Excpen'ment 3

   The percentage of heifers choosing the pen containing other animals was significantly

greater than that of heifers choosing the bare pen (xl =4.80; P<O.05) (Fig. 4-9 (a)). However,

there was not signficant difference between the percentage of heifers choosing other animals

and sheep ix2=2.13; P>O.10), and those of heifers choosing sheep and the bare pen (f=O.OO;

P>O.10) (Fig. 4-9 (a)). The 1atency to choose a particular choice condition (Peers, Sheep or

Bare) was not significarrtly affected by the choice comhinations ofthe Y:･maze. No heifers had

to be forced to choose. The behavior score in the crush was not signi'ficantly related to any of

the choice pararneters.

   ln the choice area before choosing for the first time, heifers given the choices of`Sheep vs.

Bare' spent significantly more time standing than the heifers given the choices of `Peers vs.



76
(a) (%)

1OO

80

60

co

20

o

$,giffft3'#li'ffi

i･,ii-

g
,
i
･
l
l
l
i
,
l
l
j
'
:

STI vs. NO STO vs. NO

O SN

N GH

1 SG
va IH

1 !G

pt s

-M

SI vs. NO

(b)

v.O 2.0
s
$
. 1.6

g
`o 1.2

8
co

2 o.s

;v

e o.4

8
g o.o

z

(c)

 (s)
     350

     3oo

     250

     200

     150

     1oo

      50

      o

B

sn vs. No

B

A

tfi'mstsi:'

sn vs. No

B

STO vs. NO

B

A

SI vs. NO

BB

STO vs. NO

A

SI vs. NO

E$ge$ sn

IEIIg sTo

" s!

- NO
va Choice area

Fig 4-S (a) Behavior in the choice area before choosing, (b) mean (±SD) number of

times each choice pen was entered and (c) mean (±SD) length of time heifers spent in
the pen a human standing inside the pen, the pen a human standing outside the pen, the

pen a human sitting inside the pen, the pen with the novel object er the choice area
after choosing of heifers presented with three combinations of choice (Human standing

inside pen vs. Novel object, Human standing outside pen vs. Novel object and Human

sitting inside pen vs. Novel object) in a Y-maze. SN = standing near crush; GH =
grooming the sides of the Ghoice area; SG = seH-grooming IH = investigating the sides

of the choice area; IG = investigating ground; S = s#andingt M = moving. Different Ietters

indicates significant differencg,;,q., b =. P. S9;05, A;, B =.P<Q:Ol.
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Bare' (P<O.05) (Fig. 4-9 (b)). None ofthe other behaviors differed between the combinations

ofchoices.

   When Peers vvas one of the choices, heifers entered the Peers pen significantly more times

than they entered the bare pen (P<O.05) and heifers tended to enter the Peers pen more times

than they entered the Sheep pen (P<O.10) (Fig. 4-10 (a)). However, when the choice was

`Sheep vs. Bare', there was no significant difference in the nurnber of times heifers entered

either pen (Fig. 4-10 (a)). In fact, vvhen the choice was `Sheep vs. Bare', heifers spent

significantly more time in the choice area than in either ofthe choice pens (both P<O.O1) (Fig.

4-10 (b)), however heifers spent significantly more time in Sheep pen than in the bare pen

(P<O.05) (Fig. 4-10 fo)). When the choice was `Peers vs. Sheep', heifers spent significantly

more time in Peers pen than in Sheep pen or the choice area (both P<O.O1) (Fig. 4-1O (b)), and

when the choice was `Peers vs. Bare', heifers spent significantly less time in the bare pen than

in Peers pen or the choice area (both P<O.Ol) (Fig. 4-1O (b)).

   When heifers were in the pen with sheep, if the alternative choice vvas the bare pen,

heifers spent significantly more time walking than when the alternative choice was peers

(P<O.05) (Fig. 4-11 (a)). ln the choice area during the time after the heifers had made their

first choice, the heifers given the choice of'Sheep vs. Bare' spent significantly more time at

the entrance of the crush than heifers given the choice of `Peers vs. Sheep' and `Peers vs.

Bare'(both P<O.05) (Fig 4-11 (c)). No other behaviors were significantly different between

the combinations of choices. When heifers were in the pen with peers and the bare pen, any

behavior was significantly different between the combinations of choices.

   The effect of interaction of pen and the tirne spent in each sector vvas significant

(P<O.OO1). in the pen containing peers, heifers spent significarrtly longer in the sector closest

to the other animals than in the other sector (both P<O.05) (Fig. 4-12). ln the pen containing

r,= ':- 't. '///,'r-'15[,. 't',' '='JI"''
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three combinations of choice (Peers vs. Sheep, Peers vs. Bare and Sheep vs.

Bare) in a Y-maze. Probability levels are indicated by * P<O.05. SN = standing

near crush; GH = grooming the sides of the choice area; SG = selt-grooming;

IH = investigating the sides of the choice area; IG = investigating ground; S =

standing; M = moving. Different letters indicate$ significant difFerence, P<O.05.
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with three choice combinations (Peers vs. Sheep, Peers vs. Bare and Sheep vs.
Bare) in a Y-maze. Different tetters indicates significant difference; x, y = P<O.10, a,

b, c = P<O.05 and A, B = P<O.el.



80

(a)

(%) leo

80

60

co

20

o

Peers vs Sheep Sheep vs Bare

NIF

E GF

D SC

N GH

- SG

MIH
N IG

sc s

-M

(b)

(%) 1oo

80

60

co

20

o

b

fww

b

va
seu ww, /eq

a

zj

tt t

l
.
.
.
.
-
:
l
.
X
,
i
ltttttt ttt .

" SN

N GH

- SG
za IH

M IG

pt s

-M

PeersvsSheep PeersvsBare SheepvsBere

Fig. 4-11 (a) Behavior of heifers in the pen with sheep when the cheice
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a Y-maze. SN = standing near crush; GH = grooming the sides of the choice

pen or the choice area; SG = self`grooming IH = investigating the sides of the

choice pen or the choice area; IG = investigating ground; S = standing; M =

moving; IF = investigating fences; GF = greoming with fences; SC = social
contact D"ferent letters indicate significant ditferences, P<O.05.



81

sheep, the animals spent equal amounts of time in the sector closest to the sheep and the

sector closest to the entry gate, and the heifers spent the least amount of time in the sector in

the middle of the pen (both P<O.05) (Fig. 4-12). in the bare pen, heifers spent the most

amount of time in the sector closest to the entry gate (P<O.05) (Fig. 4-12).

lixperiment 4

   The percentage of heifers choosing either pen was not significantly differerrt in any choice

combination; xl=2.58, )c?=O.18 and )c3 =2.46; all P>O.10, Peers vs. NO, Sheep vs. NO and Bare

vs. NO, respectively (Fig. 4-13 (a)). Ihe latency to choose a panicular choice condition (Peers,

Sheep, Bare or NO) was not significantly affected by the choice combinations ofthe YLmaze.

No heifers had to be forced to choose. The behavior score in the crush was not significantly

related to any of the choice parameters. In the choice area before choosing fbr the first time,

No behavior differed between the combinations ofchoices.

   When the choice was `Peers vs. NO', heifers entered the Peers pen significantly more

times than they entered the NO pen (P<O.Ol) (Fig. 4-13 (b)). Howeveg when the choice was

`Sheep vs. NO' or `Bare vs. NO', there was no difference in the number of times heifers

entered either pen (Fig. 4-13 (b)). wnen the choice was `Peers vs. NO', heifers spent

significantly less time in the NO pen than in the Peers pen or the choice area (both P<O.Ol),

however heifers spent significantly more time in the Peers pen than in the choice area

(P<O.05) (Fig. 4-l3 (c)). When the choice vvas `Sheep vs. NO' or `Bare vs, NO', heifers spent

significantiy more time in the choice area than in either ofthe choice pens (alI P<O.Ol) (Fig.

4-13 (c)).

   When heifers were in the pen with peers and sheep, heifers spent significantly more time
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performing social contact with peers than with sheep (P<O.05) (Fig. 4-14 (a)). In the choice 

訂 eaduring the time a自erthe heifers had made their first choice， the heifers given the choice 

ofιPeers vs. NO' spent significantly less time at the entrance of the crush than the heifers 

given the other combinations of choice (P<O.05) (Fig. 4-14 (b)). 

The e妊ectof interaction of pen and the time spent in each sector was significant 

(P<O.OOl). In the pen containing peers， heifers spent significantly longer in the sector closest 

to the other animals than in the other sectors (both P<O.05) (Fig. 4-15). In the pen containing 

sheep， the animals spent equal amounts of time in the sector closest to the sheep and the 

sector closest to the entry gate (P<O.05) (Fig. 4・15).Heifers spent significantly longer in the 

sector closest to the 阻むygate出anin the sector in the middle ofthe pen (P<O.05)σig.4-15). 

In the bare pen or白epen with a novel object， heifers spent significantly more time in the 

sector closest ωthe entry g剖ethan in the other sectors (all P<O.05)σig.4-15). 

~ f 
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the bare pen and (b) behavior of heifers in the choice area after choosing by
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and Bare vs. NO) in a Y-maze. SN = standing near crush; GH = grooming the
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ground; S = standing; M = moving; IF = investigating fences; GF = grooming with

fences; SC = social contact Different letters indicate significant differences,

P<O.05.
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Discussion

Ebcpen'ment 1 and 2

   Experiment 1 clearly demonstrated the preference of the heifers for their peers compared

to food or a bare pen. Experiment 2, however, did not show a preference for any of the

choices bnt rather a lower aversion fbr the novel object and the seated human compared to the

standing human. None of the behaviors measured during the choice test in eitheT experiment

were related to the behavior ofthe animals while contained in the crush.

   The preference of the heifers for peers in Experiment 1 was demonstrated by their initial

choice, their readiness to choose and their behavior during the test after they had made their

first choice. As regards their first choice, heifers chose peers over the bare pen, with food

intermediate between these two. Readiness to choose vvas shown by their lower latency to

choose when peers were one of the choices and by the fact that very few animals had to be

forced by the human handler to choose. FinallM once the heifers had made their choice, they

spent less time in the choice areeq they entered the pen with the peers in it more times and,

when in the pen with peers, spent more time in the sector of the pen closest to the other

animals.

   While our study suggests the desire of heifers to return to the company of other fainiliar

animals fbllowing handling, other studies have shown the influence of the presence of peers

whiIe handling procedures are being conducted. Gringnard et al. (2000) showed that the visual

presence of peers calmed the behavior of calves during handling in a novel environment.

Furthermore, the presence of peers decreased distress behavior of heifers in a novel object test

(Boissy and Le Neindre, 1990) and novel environment test (Veissier and Le Neindre, 1992),
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while Boissy and Le Neindre (1997) reported that separation from peers induced behavioral

and physiological responses to stress. ln addition, in farmed red deer, there was a report that

they preferred staying next to unfamiliar deer to staying next to an empty pen (Abeyesinghe

and (foddard, 1998). These studies suggest the importance of peers when their presence is

forced by the conditioms of the experiment. Our study indicates the importance of peers as

shown voluntarily by the experimental heifers.

   While not shown as clearly as the preference for peers, fbod appeared to be more

attractive for heifers than the bare pen. One possibility is that the animals may not have been

hungry enough to be highly attracted to the hay, as we took care to ensure that there was not a

great difference in ime off feed for animals tested later in the day compared to animals tested

earlier It is also possible that feeding using a novel feeder in novel test pen provoked a

reaction to novelty Tather than a desire to eat as suggested by the results of Herskin et al.

(2003). The inhibition of feeding in a novel environment has also been used to evaluate the

response to novelty by Boissy and Buissou (1988), Veisser and Le Neindre (1992) and Boissy

and Buissou (1995). Hovvever, Pajor et al. (2003) have reported that heifers chose bucket

feeding more than corrtrol in their Y:･maze test. ln their experimeng the bucket comained

molasses-flavored calf starter and vvas held by a human handler while the control was a

human standing side on to the animal. ln our studM the heifers were alone in the choice area

and test pen. FinalIM Dumoirt and Boissy (2ooO) reported that a sheep in small group would

not leove its group to reach a preferred feeding site lecated further away.

   When the pen with peers was not one of the two choices, the heifers spent more tme at

the entmce ofthe crush. It was possible that this could have been due to attraction caused by

visual comact with the other heifers that the test animal could see in the holding pen,

approximately 15m from the entrame ofthc crush. This reinforces the idea that peers were the
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most attractive for heifers.

   Experiment 2 showed that the presence of the human was jnitially more aversive than the

novel object since animals were more 1ikely to make the novel object their first choice in

preference to the human. However, once they had made this choice and the animals vvere able

to move fteely between the two pens and the choice area, they were as likely to enter the pen

with the seated human as they were to enter the pen containing the novel object. Hovveveg

when the human was standing, even standmg outside the pen, the animals were likely to enter

this pen than the pen with the novel object. in other studies the responses ofcattle to humans

have been determined, the human was either sitting stationary on a stool (Hemsworth et al.,

1996), standing in the test pen (Veissier and Le Neindre, 1992; de Passille et al., 1995, 1996)

or interacting with the test animal in such situations in the docility test (Le Neindre et al.,

1995; (irignard et al., 2000, 2001), restraim test (Boivin et al., 1992a, b, 1994) and the soning

test (Boivin et al., 1992a, b, 1994). Behavioral responses to a human in diffk:rent postures

have never been determined in cattle, although those to a motionless human and stroking or

handling human have been determined in the situation that animals were restrained (Grignard

et al., 2000, 2001).

   ln some of the previeus studies on cattle, the test animals have been observed to interact

with the human. in those where the human vvas standing, heifers were observed to sniff a

human (Veissier and Le Neindre, 1992) and de Passille et al. (1995, 1996) reported that calves

made contact with the human without vocalizing. in the case of a sitting human, few cattle

were observed to approach within 1 and 2 m, although most cattle approached witiim 4 m

(Hemsworth et al., 1996). ln our study, no heifers made contact with the human. There vvas

 also no difference between the human standing inside or outside the pen, and oniy one heifer

 entered the sector closest to the human, which comespended to an approach distance of2.8 m.
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It is possible that this lack ofdiffkirence is related to the early experiences ofthe heifers, since

Morita et al. (2001) and Uetake et al. (2003) have shown that animals lose their aversion to

humans who work inside their enclosure than compared to those who vvork outside.

   The fact that our heifers entered the pen with the human sitting inside as many as the pen

with a novel object indicates that the animals perceived the seated human as less of a threat.

Hemsworth et al, (1986) and Miura et al. (1996) have reported that pigs are far more likely to

approach a squatting or lying human than a standing one. They interpreted this as indicating

that relatively large objects are threatening to pigs. Also, Kendrick and Baldwin (1989) have

shown that a human on all fours is less aversive to sheep than a standing hurm

   However, relative to cattle, humans may not pose such a size threat to theni as they do for

pig and sheep. A suggestion has been made by Rushen et al. (1999b) that vvariness of humans

may result from their propensity for quick or unpredictable movements in addition to the

relative size. li is possible thag in our study the siuing human might be perceived to be less

able to evoke fear, resulting in the heifers perceiving the sitting human and the novel object as

equally and lowly aversive. However, the heifers chose the pen with human sitting inside

firstly had higher behavior score in the crush so it is that they had a strong sense ofcuriosity

Experiment 3 and 4

   Experiment 3 and 4 shovved that the preference ofthe heifers fbr their peers compared to a

bare pen or a novel object. The more heifers chose the pen with peers over the bare pen as is

the case with the result in experiment 1. Ifthe pen with peers was not one ofthe choices, the

heifers spent more ime near the entrance of the crush in the choice area. The heifers were

away from sheep, a bare pen and a novel object. It was also shown that peers were the most
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attractive condition for heifers in these experiments. Hagen and Broom (2003) have reported

that cattle could discriminate between individual familiar conspecifics･

   The heifers spent more ime perfbrming social contacts with their peers than with sheep･

The heifers spent more time in the pen with peers than the pen with sheep. It should be shown

that sheep had less attractiveness fbr heifers. Sheep were not as attractive as familiar

conspecific peers, even though the heifers could see sheep in the pasture.

   Hovvever, there was not significant difference between the proponions of heifers choosing

the pen with peers and the pen with sheep. Furthermore, the time spent in the pen with sheep

was longer than the time spent in the bare pen. Abeyesinghe and Goddard (1998) have

reported that the presence of sheep was not shown a high degree of alert behavior nor a strong

avoidance by farmed red deer. They have suggested that the sheep were not as threatening as

other farm animals such as pigs and cattle. The presence of sheep might be not theatening fbr

cattle as well as deer. The proponion of heifers choosing the pen with sheep vvas also not

signjficantly different from that ofchoosing the bare pen or the pen with a novel object. Sheep

might have almost the same attractive level as a barn pen and a novel object for heifers.

Conclusiolls

   After a period of restraint in the crush accompanied by close human proximitM peers were

the most attractive condition for heifers, whereas human presence, particularly a standing

human, was the least attractive. It therefore appears that the causes of flightiness and

difficulty in handling are separation from peers and human proximity Furthermore, sheep

were neither attractive condition nor aversive condition for heifers. It was found that sheep

can not replace conpecific peers. We recommend that cattle should be returned to their peers
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as soon as possible after restraint and that hurnans should not approach them needlessly even 

j ust standing outside their enc1osure. 

'" 
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CHAPTER5

                            General discussion

                                                      '

   The themes of this thesis were to devise the methods to assess the holistic environments

for beef cattle in the fo11owing three contexts or relationships: (1) the relationship between

caule and barn and pasture conditions in the concept of environmental enrichment; (2) the

relationship between cattle and hurnan; (3) the relationship between cattle and their peers (Fig.

5-1).

   FirstlM beefcattle's surroundings in the context ofthe relationship between cattle and bam

and pasture conditions in the concept ofenvironmenta1 enriclment were assessed in Chapter 2

and 3. In Chapter 2, cattle showed the notable ethogram that adapted to each living conditions.

Although animals reared in an intensive pen environment spent less time of eating than the

animals reared in extensive pasture environments. Tbtal proponion of oral behaviors in the

intensive environment was not differerrt from that in the extensive environment. The cattle in

a pen mighi change objects of oral behavior to adapt the environment and behave

appropriately as ruminants. Cattle spend more time of grazing on the grassy pasture

environment, while the cattle in a pen should spend more time of grooming, licking and

tongue rolling to compensate the short time of eating high-quality feed. ln the pasture

environment, the time spent grazing was diversified according to the quality and quantity of

grasses there. Cattle that could ingest high-quality grasses spent less tirne of grazing. Thus

cattle could easily adapt themselves to the diffk:rent environments by changing the proponion

of some behaviors in their ethogram.

   in inadaptahle environments, it is known that the proportion of a part of the normal
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behaviors increase and the sequence of activity is repeated. In cattle， stereo句rpiesare shown 

p訂tic叫arlyin intensive housing situations and often relate to oral behaviors， such as 

bar-biting and tongue rolling (phillips， 2002c). It should be caused by the fact白atora] 

behaれoris one of the most important behaviors for cattle as domestic herbivores. In cattle 

grazmg m a pas加re，it has been reported that maximum grazing times and biting rates 

normally occur at about 10・ 12hours per day and 65・ 70bite per minute， respectively. 

Longer grazing times (13 hours per day) have also been recorded on sparsely vegetated 

rangelandσhillips， 1993). Sward grasping behavior has been observed normally 30000 to 

40000 times per day (Phillips， 2002c). In Chapter 2， the proportion of cattle grazing in a 

pas印reenvironment was 42.6・61.5%台omdawn till dusk， whereas出atof ca投leeating in a 

pen environment was 22.3 -32.9%. In addition， the proportion of cattle performing grazing 

related behavior like walking while grazing was 54.4 -73.4%， but penned cattle did not 

spend the comparative time to manipulate and戸ocessfeed. It has been known出剖 restricted

al10wance of roughage and feeding of a diet with high levels of concen回 tecan increases 

oral stereotypies (Redbo et al.， 1996; Redbo and Nordlad， 1997). And furthennore， oral 

stereo句'pysuch as tongue rolling has been observed in tethered cattle having few social 

contacts (Redbo， 1990; Sato et al.， 1994). Therefore， tongue rol1ing is now believed to be the 

result of Iong-term frustration caused by suppressed feeding and boring environment (Seo et 

al.， 1998). 

In an intensive pen in Chapter 2 and the control pen in Chapter 3 of this thesis， no 

stereo守pywas observed as a result of restricted feeding. However， instaIling a drum can as an 

environmental enrichment encouraged eating behavior and reduced licking objects (Chapter 

3). This result might support the finding in Chapter 2 that the other oral behaviors except 

tongue rolling are performed to compensate for the lack of feeding behaviors. However， the 
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environmental enrichment conducted in this thesis had no effect on grooming behaviors. It 

has been known出atgrooming is primarily a body care activity but it has nutritional， 

communicative and psychological function (phillips， 2002b). Cattle in relatively small 

environment might perform more self-grooming and allogrooming to keep social 

communication than cattle in an extensive outdoor environment. 

The positive effects of enrichment by instal1ing drum cans in Chapter 3 were shown not 

only behavioral characteristics but also physiological and productive characteristics. The 

performance of the normal appetitive behavior brings a change in physiological parameters. It 

has also been shown that nonnutritive sucking by providing a dummy teat can affect digestive 

hormone secretion (de PassiIIe et al.， 1993). In the other farm animals， especial1y in pig， the 

environmental enrichment has inf1uenced physiological p訂 ameter(Beattie et al.， 2000b) and 

meat quality (Beattie et al.， 2000a). It was found that tethered cattle almost stopped 

performing stereotypies after animals were released onto pas加reor loose bam (Redbo， 1990， 

1992). On the contrary， it is reported出atanimals resumed脳出levelsof stereotypies after出e

re-tethering post-grazing (Redbo， 1990， 1992， 1993) 

As results of Chapter 2 and 3， the following findings were observed: (1) the beef cattle's 

surroundings in the context of the relationship between animals and bam facilities conditions 

couId be assessed by researching whether animals can perform important oral behaviors with 

an appropriate proportion or not; (2) the environmental enrichment should improve cattle's 

environrnent to make cattle perform oral behaviors appropriately. The positive effects of such 

environmentaI enrichment couId be shown on not only behaviors but also physiological and 

productive characteristics， and couId improve animals' welfare. 

Secondly， beef cattle's surroundings in the con胞xtof the relationship between cattle and 

human were assessed in Chapter 3 and 4. In Chapter 3， it was found that a treatment of 
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environmental enrichment had no effect on the steers' responses to the following human 

hand1ing at weighing on the scale， at sampling blood， at recording ultrasonic images and at 

measuring body size. Hill et al. (1998) and Day et a1. (2002) have also問 portedthat the 

enrichment does not improve the ease of hand1ing in pigs. From here onwards， the 

relationship between cattle and human could be different from the relationship between cattle 

and other surroundings like the facilities. However， as for the interrelation between the ease of 

hand1ing and the productivity， more restless steers on the scale had better growth in the 

enriched pens. The environmental enrichment to improve cattle's stocking environment in this 

study had a positive effect on their productivity， but more nervous cattle had better growth 

rate in enriched pens. 

The effects of human presen民 andhandling on the productivity have been reported on 

dairy cows (e.g. Purcell et a1.， 1988; Hemsworth et al.， 1995; Breuer et al.， 1997)， pigs (e.g 

Paterson and Pearce， 1992; Seabrook and Bartle， 1992; Hemsworth， 1993)， chickens (e.g. 

Jones and Hughes， 1981; Bamett et a1.， 1994; Hemsworth et a1.， 1994) and dairy goat (e.g. 

Lyons， 1989). In dairy cattle that have intimate relationships with humans though daily 

milking， it is known that more friendly cows have less fear of humans and yield a higher 

amount ofmilk (Albright， 1993)， and also have the lower cortisol concentrations in their milk 

and the lower Flinch-Step-Kick responses (Hemsworth et a1.， 1989). On the other hand， the 

presence of an aversive handler during milking can reduce milk yield by increasing residual 

milk (Rushen et al.， 1999a). Stock persons' attitudes ωtheir animals and personality could 

affect the productivity of dairy cows (Seabrook， 1984). 

As for beef breeds，也eyusually have fewer contacts with humans and are less 

approachable than dairy breeds (Murphey et al.， 1980). In beef cattle， many opportunities for 

positive interactions with human have been replaced by the mechanical devices like when 
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stock persons feed their animals. On the other hand， many aversive tasks associated with 

managing anima1s， such as catching and restraint for adminis仕組onof medication， foot care 

and transport， still require human invitation. 

So， in Chapter 4，出eresponses to human in beef cattle reared in pasture environment were 

investigated just after released合omrestraint in a crush with the isolation from peers. The 

cattle were given one of the choices including the following three pens: a pen with a familiar 

handler standing inside the pen， a pen with the same human standing outside the pen and a 

pen with the same human sitting inside the pen. In these choices， the aversiveness to human 

was shown by the test procedure that the cattle could choose either pen voluntarily. 

Regardless of position or posture of白eh凹nan，出epresence of the human was aversive for 

the cattle just after released from restraint in a crush. Particu1arly a standing human was more 

aversive than a sitting human. It appears that the flightiness and difficulty in handling can be 

dependent on human proximi匂rin the beef cattle由atare reared in a pωture and have minimal 

contact with human. 

The e在ectsof human handling on approach-avoidance responses to human have been 

studied on cattle (Boissy and Bouissou， 1988; Hemsworth et al.， 1996a)， pigs (Tanida et al.， 

1994; Hemsworth et a1.， 1996a， b) and sheep (Hargreaves and Hutson， 1990; Mateo et a1.， 

1991). In these studies， gentle handling consists of some physical contact， such as stroking or 

brushing， or giving food rewards. These kinds of handling have shown to reduce the level of 

fear白lnessof animals to human. And furthermore， the presence of a human after gentle 

handling has also shown to temper the influence of social isolation in a novel environment 

σrice and Thos， 1980; Boivin et al.， 1997). Cattle wi白 fewopportunities of human handling 

are indicated血atthey seldom approached the human standing over a fence. 

As results ofChapter 3 and 4， possible causations ofbeef cattle's flightiness and difficulty 
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in human handling were clearly determined. And furthermore， these results made it possible to 

provide usefuI information on how to overcome aversive effects of restraint and handJing as 

soon as possible afterwards. 

Thirdly， beef cattle's surroundings in the context of the relationship between cattle and 

their peers were assessed in Chapter 4. Cattle are social species so that the existence of their 

peers is important for their psychological stabili守.It has been shown出ateven aggressive 

males preferred to sleep in close proximity to their familiar cage mates in mice (Van Loo et aI.， 

2004). As a result of the choice test in Chapter 4， itwas shown that peers were the most 

attractive condition even in cattle. The attractiveness of peers was stronger than that of food. 

In cattle under range conditions， social cohesiveness with fluctuations in food and water 

availability affects their dis甘ibutionpattems (Howery et al.， 1998). The presence of familiar 

animals (Boissy and Dumont， 2002) and the size of social group (Dumont and Boissy， 2000) 

also influence the choice of grazing location in sheep. Grazing away from peers would bring 

social animals the fear of isolation (Sibbald and Hooper， 2004). In Chapter 4， when a pen with 

peers was not one of theれNUchoices， more cattle did not choose with willingness. 

The deprivation of social contact has negative effects in cattle. It has been shown that 

separation from peers induces behavioral and physiological stress responses (Boissy and Le 

Neindre， 1997). Calves kept in isolation have shown excessive behavioral reactions (Veissier 

et al.， 1997)， and have been observed more tongue-playing， grooming and other behaviors 

with tongue-movement (Keπand Wood-Gush， 1987; Seo et al.，1998). In addition， more hair 

balls in the rumen caused by excessive self-grooming were found in calves kept in individual 

housing (Bokkers and Koene， 2001). 

Conversely， providing peers makes cattle less afraid of the situation when animals are in a 

novel area (Veissier and Le Neindre， 1992). The presence of peers decreases distress behavior 

主 t 7':目ヘー ~ -+ 
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of cattle in a novel object test and escaping from an unusual noise (Boissy and Le Neindre， 

1990). It is shown伽 tc凶 lecan discriminate between individual conspecifics with their 

familiarity (Hagen and Broom， 2003). Animals are not only aware of the presence of peers， 

but also aware of their emotional state (Bouissou et al.， 2001). Cattle seem perceive that peers 

are under st回ssfrom olfactory signals contained in urine (Boissy et al.， 1998). 

Furthermore， in Chapter 4， it was shown出atpeers were more attractive白ansheepぉ

different spices. The cattle prefeηed to stay in close proximi句，to their peers compared to 

sheep. It has been reported that deer chose to maintain closer to their conspecifics， even 

though they were unfamiliar (Abeyesinghe and Goddard， 1998). A1though sheep are not 

fearful animals for ca凶e，it was suggested in也lS白eS1s白at出epresence of sheep was not 

enough comfort for cattle even if they are familiar. 

As results of Chapter 4， strong attractiveness of peers just after social isolation was shown. 

The applicability of the choice test in which cattle can move freely was also shown to 

determine the intensity of cattle's interest or motivation to their kept environment. 

In conclusion，出lS也esismade it possible to devise some methods to assess the facilities 

and social environment for beef cattle. In the present diversified白rrningsystems used for 

beef cattle，出sessingtheir surroundings企omanimals' side shou1d be useful to adapt farm 

facilities to the systems and to modifシthestock person's practices accordingly. This shou1d 

also make it possible to improve their welfare and performance. In future， it wou1d need to 

assess the adaptability of animals to their surroundings individually as well as at the level of 

breed. 
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Summary 

In Chapter 1， general objectives of this thesis were discussed in consideration of the 

previous studies conducted. 

In Chapter 2， behaviors of young beef cattle reared in intensive pen environment were 

compared with those of cattle reared in extensive pasture environment. Total of 122 steers in 

pens and 1136 steers in pasture were observed from dawn till dusk over 6 days in each farm. 

The proportion of steers perforrning oral behaviors was greater in Farm A， B and C04 of the 

p出 tureenvironment than that in Farm JB of the pen environment (P<0.05). However， the 

proportion of steers performing oral behaviors in Farm F1 of the pen environment was not 

Sl伊ificantlydifferent企omthat in all farms of the past町 eenvironment. The proportion of 

steers eating was less in the farms of the pen environment than in Farm A and B that had 

sparsely vegetated pastures (P<0.05). The proportions of steers performing the oral behaviors 

o白er白aneating and drinking were greater in Farm Fl than in出eo出erfarms σ<0.05). The 

proportion of steers performing allogrooming in Farm JB was greater than出atin the other 

farms of the pas印reenvironrnent (P<0.05). 1n the pen environrnent， the proportion of steers 

performing the ora1 behaviors other than eating and drinking increased approximately 2 h 

after dawn and after eating in the moming and a抗emoon.On the other hand， in the pas加re

environment， the proportion of steers perforrning the other oral behaviors was totally lower 

than that in the pen environment. Although the level of oral behaviors of beef cattle was 

affected by nutritiona1 q凶 lityand quantity of food， total proportion of the oral behaviors was 

not different between the intensive and extensive environrnents. Catt1e reared in an intensive 

pen environment performed more oral behaviors other than eating compared with cattle in an 

extensive environrnent. However， the level of the oral behaviors other than eating was enough 

~ 
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to compens剖efor the lack of feeding behaviors. 

In Chapter 3， the effects of environmental enrichment on behavioral， physiological and 

productive characteristics were evaluated. Seventy-one Japanese Black X Holstein steers were 

allocated to three pens in two repetitive experiments. Pen C (n=11 and 12) consisted of a 

feeding alley for grain feed， a trough for dry hay， a water bowl and a resting spaceぉ acontrol 

pen. Pen D (n=12 and 12) wぉ enrichedwith a d.rum can出atcan hold hay. Pen GD (n=12 and 

12) was白rtherenriched with a drum can th剖 wasplaced around an artificial plastic turf for 

grooming. The d.rum cans were removed after 5 mo of onset of installation. Behavioral 

observations were made for 2 h瓜 10min intervals after feeding on three successive days in 

each month of 10 mo. Agonistic interactions were also continuously observed for 1 h after 

feeding toぉsessthe dominance order (DO). Sampling blood and measuring body weight 

were performed bimonthly. The steers accessed the drum can合equentlyfor 3 mo after 

installation (1st， 2nd， 3rd month vs. 4 mon也， all P<0.05). The frequency of total eating of 

grain feed and hay was higher in Pen D and GD白anin Pen C (both P<0.01)， while it became 

the lowest in Pen GD after removal ofthe d.rum can (both P<0.05). Grooming at the drum can 

was observed more frequently in Pen GD than in Pen D (P<0.05). After they finished eating 

the grain feed， they ate hay剖 出e合出nωnra出er白anat白etrough (for both pens P<O.Ol). 

Plasma dopamine concentrations were higher in Pen D也知 inPen C (P<0.05)， and serum 

triglyceride concentrations were higher in Pen C than in Pen GD (P<0.05) during the 

installation period of the drum can. A負erremoval of the drum can， serum total cholesterol 

concentrations became higher in Pen D and GD than in Pen C (both P<0.05). The ADG 

correlated positively with出efrequency of eating hay at the d.rum can in Pen D (む=0.52，

P<0.01). In Pen GD， the合equencyof access to the drum can correlated negatively with DO 

(r
5
= -0.59， Pく0.01).Carcass belly fat was thicker in Pen D and GD than in Pen C (both 
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Pく0.01).In Pen GD， the frequency of eating hay (rs= 0.79， P<O.Ol) and grooming at the drum 

can (r5=O.63， P<0.05) correlated positively with出emarbling score. Although social factor 

affected出esteers' access to也e命umcan， installing it in the early fattening stage encouraged 

the steers to eat and groom there and resulted in better carcass characteristics through the 

prolonged physiological positive e妊ects.

In Chapter 4， the attractiveness of different conditions to beef cattle was determined. Total 

346 Angus heifers were individually allowed to enter a choice area after 2 minutes of res甘aint

in a crush and to choose between two pens. After the test animal chose one or either pen， the 

animal could freely access both test pens and the choice area for a further 5 minutes. 

In experiment 1， each heifer was given one of the fol1owing choices: pen with 3 familiar 

animals (Peers) vs. pen wi也 apile of hay on a metal rack (Food) (n=34); Peers vs. the bare 

pen(B訂e)(n=34) and Food vs. Bare (n=35). More heifers chose Peers over Bare (χ2=5.76; 

P<0.05). And more heifers tended to choose Peers over Food (χ2=2.94; P<O.lO)， whereas 

Food and Bare did not differ. The latency to choose either pen was shortest (P<0.01) and出ey

spent less time staying near the crush σ<0.05) ifPeers was one ofthe choices. After choosing， 

more heifers entered the Peers pen than the Food (Pく0.05)and Bare (P<O.Ol) pen. Peers were 

the most attractive condition， and food had almost the same attractive level as a bare pen for 

heifers. 

In experiment 2， another 86 heifers were given each one choice: pen with a familiar 

handler standing inside (STI) vs. the pen with a novel object (NO) (n=29); pen where the 

handler stands outside由epen (STO) vs. NO (n=29); pen where the handler sits inside (SI) vs. 

NO (n=28)・Fewerheifers chose the pen with the human (χ2=9.97， 12.45， 7.00， STI， STO 

and SI， respectively; all P<O.OI). Except for the choice of‘STO vs. NO'， the number of 

heifers choosing either pen voluntarily was larger than that of heifers not choosing 5 minutes 
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after release (both P<O.Ol). The number oftimes the NO pen was entered was larger than for 

STr and STO (both P<O.Ol)， a1though the numbers oftimes白eSI and NO pens were entered 

was not different. More heifers avoided the human， especially the standing human outside the 

fence. In conclusions， just after handling with restraint， returning cattle in the group of peers 

and not approaching cattle needlessly should moderate their stress. 

In experiment 3， another 90 heifers were given each one choice: pen with three .fi副niliar

animals (Peers) vs. pen with six sheep (Sheep) (n = 30); Peers vs. Bare (n = 30); Sheep vs 

Bare (n = 30). More heifers chose Peers over Bare (χ2=4.80; P<0.05)， whereas Peers and 

Sheep， and Sheep and Bare did not di宜er.The latency to choose either pen was not different 

on each combination of choices. The heifers given the choices of ‘Sheep vs. Bare' spent more 

time standing than the heifers given the choices of ‘Peers vs. Bare' (P<0.05). A:fter choosing， 

more heifers entered the Peers pen than the Bare (P<0.05) and Sheep pens (P<O.lO). The time 

spent was longer in the Peers pen than in the Sheep pen and the choice area on the choice of 

‘Peers vs. Sheep'σ<0.01). 

In experiment 4， another 67 heifers were given each one choice: Peers vs. pen with the 

same novel object as experiment 2 (NO) (n = 19); Sheep vs. NO (n = 22); Bare vs. NO (n = 

26).百leproportion of heifers choosing either pen was not si伊ificantlydifferent in any 

choice combination. More heifers entered the Peers pen出anthe NO pen (Pく0.01).On the 

choice of‘Sheep vs. NO'， the time spent in the choice area was longest (P<O.Ol). The heifers 

given the choice of‘Peers vs. NO' spent less time standing near the crush than the heifers 

given the other choices σ<0.05). The response of heifers to sheep was changed by the 

exIstence of peers. Sheep were neither attractive condition nor aversive condition for heifers. 

It was found也atsheep could not serve for conpecific peers. In conc1usions， just after 

handling with restraint， returning cattle in the group of peers and not approaching cattle 
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needlessly should be useful to moderate their stress. 

In Chapter 5ラ itwas suggested白創出1S曲目ismade it possible to devise some methods to 

ぉsessthe facilities and social environment for beef cattle. In the present diversified farming 

systems used for beef cattle， assessing their surroundings丘omanimal's side should be useful 

to adapt farm facilities to the systems and modi今thestock persons' practices accordingly. 

This should also make it possible to improve their welfare and perfonnance. 
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肉用牛における飼育環境の総合評価と環境エンリッチメントの方策に関する研究

　農業における技術進歩により農作物の生産量が増加したことに伴い、肉牛における生産シス

テムも放牧から集約的な舎飼に変わり、牛の成長を早め生産高を増やすようになった。しかし近

年では、放牧が見直：され、また家畜福祉を考慮することによって、生産物に付加価値が付けられ

るようになった。このような流れを受けて、肉牛の飼育システムは一層多様化し、人と牛との関

わり方など牛の福祉や生産性に影響を及ぼす要因も多様化している。

　そこで、本研究では、現在の肉牛を取り巻く飼育環境を、環境エンリッチメントという動物

福祉を向上させる新しい概念を取り入れた畜舎や放牧地のような施設環境と、仲間同士の関わり

に人との関わりを含めた社会環境の観点から、総合的に評価することを目的とした。実験1では、

牛の常同行動と関係のあるOra1　Behaviorに注目し、集約的にペン飼育された肉牛の行動を、粗

放な環境で放牧された牛の行動と比較した。実験2では、肉牛の飼育ペンに改良したドラム缶飼

槽を設置し、肉牛の行動・生理・生産性における環境エンリッチメントの効果を検討した。実験

3では、上記の物理的な要因に加え、肉牛の飼育環境における社会的な要因を検討するため、管

理作業での拘束直後に肉牛が好む条件を選択試験により調べた。

　実験1では、122頭の舎飼牛（農家F1とJB）と1136頭の放牧牛（農家A、　B、　CO3、　CO4、　D、

E）を対象に、それぞれ10分間隔と15分間隔の走査サンプリングで、日出から日没までの行動を

各農家3回ずつ観察した。Oral　Behaviorを発現した牛の頭数割合は、放牧である農家AとB、　CO4

で、舎飼である農家JBよりも大きかった（P〈0．05）。しかし、舎飼である農家FlのOral　Behavior

をした牛の頭数割合と、放牧でのすべての農家のOral　Behaviorをした牛の頭数割合には差がな

かった。舎飼において摂食行動をした牛の頭数割合は、放牧地の植生がまばらであった農家Aや

Bよりも小さかった（P〈0．05）。摂食と飲水を除くOral　Behaviorを行なった牛の頭数割合は、

農家F1において他の農家よりも大きかった（P〈o．05）。農家JBでも相互グルーミングをした牛

の頭数割合が、すべての放牧農家よりも大きかった（P〈0．05）。舎飼において、摂食と飲水を除



く0「・1B・havi・rを行なった牛の頭数割合は、朝夕の搬後と咄の約2時間後に増加した．＿

方・放牧においては・摂食と飲水を除くOral　Behaviorを行なった牛の頭数割合は、全体的にノ」、

さかった諏・1B・havi・rの割合1ま、餌の質糧によって影響を受けたカ・、・ra1　B。㎞。i。rの纏

現頭数割合は、舎飼と放牧で差がなかった。舎飼の牛は、放牧牛に比べ、摂食を除くOral　Beha．　ior

をより多く行なった。これらのことから、舎飼の牛は、口を使う身繕いや探査、舌遊びをするこ

とで・少ない摂食行動によるOral　Behaviorの不足分を補っていると考えられた。

　　実験2では・黒毛和種×ホルスタイン種のFl去勢雄牛71頭を、2回反復して、3種類の閉

鎖追い込み式ペン：通常の飼槽のみの対照群（C群：n＝11，12）、乾草が入るドラム缶を設

置したドラム缶群（D群：nニ12，12）、同ドラム缶の側面に人工芝を巻き付けた身繕いドラ

ム缶群（GD群：nニ12，12）において5ヵ．月間飼育した。ドラム缶設置5ヵ月後にドラム缶

を除去した。ドラム缶設置10ヵ月後まで、毎月3日間ずつ、朝夕の給飼後2時間に10分間

隔で行動を観察した。また社会的順位を推定するため、給飼後1時間に敵対行動を連続観察

した。採血と体重測定は隔月で行なった。ドラム缶利用回数は、設置2、3ヵ月後が、直後、

1、4ヵ月後よりも多かった（P〈0．05）。GD群では、社会的順位の高い個体ほどドラム缶利

用回数が多かった（r，ニー0．59，P〈0．01）。設置期間中の採食回数は、両処理群がC群より

も多かったが（P〈0．01）、除去後にはGD群で最も少なくなった（P〈0．05）。設置期間中は、

ドラム缶での身繕い行動が、GD群でD群よりも多くみられた（P〈0．05）。設置期間中には、

血清中性脂肪濃度がGD群でC群よりも低く（P〈0．05）、除去後もGD群がC、　D群よりも低

かった（P〈0．05）。また設置期間中は、血漿ドーパミン濃度がD群でC群よりも高かった（P

〈0．05）。除去後は血清総コレステロール濃度がD群で最も高く、GD群もC群より高かった

（P〈0．05）。設置期間中は、D群においてドラム缶での採食回数が多い個体ほど増体が良く

なった（r、＝0．52，P〈0．01）。枝肉成績では、ばら厚が両処理群でC群よりも厚かった（Pく

0．01）。GD群では、ドラム缶での採食回数（r，＝0．79，　P〈0．01）・身繕い回数（r、＝0．63，　P

〈，0．05）が多い個体ほどB鵬ナンバーが高くなった。ドラム缶は、設置3ヵ月後まで長期に



三食・身繕い・探査を誘起し続け、特に乾草の採食を促進した。肥育前期の環境エンリッチ

メントによるこれらの行動上の効果は、生理指標にも反映され、中期以降の脂肪蓄積を促進

し、枝肉成績を向上させた。

　実験3では、放牧飼育されている346頭のアンガス種若雌牛を以下の4つの試験に供試した。

テスト牛を1頭ずつ枠場で2分間拘束した後、解放し2っのペンのどちらかを選択させた。選択

ペンは開放されており、最初の選択後の5分間は、牛は両方の選択ペンと選択エリアを自由に移

動できた。試験1では、3頭の馴染みのある牛のいるペン（仲間ペン）と乾草の入った餌台のあ

るペン（乾草ペン）の選択（nニ34）、仲間ペンと何も無いペン（空のペン）の選択（n＝34）、

乾草ペンと空のペンの選択（n＝35）をさせた。空のペンより、仲間ペンを最初に選択した牛の

割合が大きかった（Pく0．05）。また、乾草ペンより仲間ペンを選択する牛の割合が大きい傾向が

みられた（P〈0．10）。乾草ペンと空のペンの選択では選択した割合に差がみられず、選択潜時が

最も長くなった（P〈0．Ol）。仲間ペンに入った回数は、乾草（P〈0．05）および空のペン（P＜0．01）

に入った回数より多かった。試験2では、ペン内に立っている人のいるペン（人（立）ペン）と

新奇物としてオレンジ色のタイヤを設置したペン（新奇物ペン）の選択（n＝29）、柵越しに立っ

ている人のいるペン（人（外）ペン）と新奇物ペンの選択（n二29）、ペン内に座っている人のい

るペン（人（座）ペン）と新奇物ペンの選択（n＝28）をさせた。人のいるペンより、新奇物ペ

ンを選んだ牛の割合が大きかった（P〈0．Ol）。人（立）ペンおよび人（座）ペンと新奇物ペンと

の選択では、自発的に選択した牛の割合が大きかった（P〈0．01）が、人（外）ペンと新奇物ペ

ンとの選択では、両選択パターンの割合に差がなかった。人（立）および人（外）ペンよりも、

新奇物ペンに入った回数の方が多かった（P〈0。Ol）が、人（座）ペンと新奇物ペンとの選択で

は、両ペンに入った回数に差がなかった。試験3では、仲間ペンと6頭の羊のいるペン（羊ペン）

の選択（n＝30）、仲間ペンと空のペンの選択（n＝30）、羊ペンと空のペンの選択（n＝30）を

させた。仲間ペンと羊ペンの選択と羊ペンと空のペンの選択では、最初の選択頭数割合にペン間

で差がみられなかった。しかし空のペンより仲間ペンを最初に選択した牛の頭数割合が大きかつ



た（P〈0・05）。羊ペンと空のペンの選択を与えられた牛は、仲間ペンと空のペンの選択を与えら

れた牛よりも・選択中に停立する時間割合が大きかった（P〈0．05）。仲間ペンに入った回数は、

空のペンに入った回数よりも多かった（P〈0．05）。仲間ペンと羊ペンの選択では、仲間ペンでの

滞在時間が長かった（P〈0．Ol）。試験4では、仲間ペンと新奇物ペンの選択（．＝19）、羊ペン

と新奇物ペンの選択（n＝22）、空のペンと新奇物ペンの選択（n＝26）をさせた。いずれの選択

ペンにおいても、最初に選択した牛の頭数割合に差はみられなかったが、仲間ペンに入った回数

のみが、新奇物ペンに入った回数よりも多かった（P〈0．01）。羊ペンや空のペンと新奇物ペンと

の選択では、選択エリアでの滞在時間が最も長かった（P〈0．01）。選択エリアでの行動では、選

択肢に仲間ペンが含まれていないときに丁場付近で停立する割合が大きかった（P〈0．05）。牛に

とって仲間の存在が最も強い誘引条件であり、羊は仲間のような誘引条件でも、人のような嫌悪

条件でもないことが明らかになった。したがって、仲間からの一時的な隔離を伴う枠場作業後に

は、牛を速やかに仲間の牛と一緒にし、人は不必要に接近しないことが、管理作業由来のストレ

ス緩和方法として有効であると考えられた。

　　以上の結果から、肉牛での物理的な施設環境は、牛にとって重要なOral　Behaviorを適切な

割合で行なうことができるか否かを調査することで評価でき、環境エンリッチメントによって、

Oral　Behaviorを適切に発現できるような環境に改善すべきであるといえる。また、牛が自由に

動くことができる選択試験の適用が、社会環境に対する牛の関心やモチベーションの強さを評価

する有効な方法であることも確認された。結論として、本研究で用いた方法により、肉牛を取り

巻く飼育環境を、施設環境と社会環境から総合的に評価することができた。このような牛側から

の環境評価は、現在の多様化した肉牛の生産システムにおいて、畜舎施設や管理作業を改善する

上で大いに役立ち、それによって肉牛の福祉を向上し、生産性を改善することが可能になると考

えられる。


