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SNNMD HOIVNN

DXNLYA MIN MY DY BHY XN JIND MIWRID NIRIND IR AN IPHNN : R PIN DI0Y
MIVNVN PON PADN NXIWNT NNIND 235719 D MINIY N 1T IPNNHD INDN-D> YN HY
7320VAD2 MR MNIPN 23 NNNH MAWN DT NIDIN YNNI MIN DY NIIND NI
NN DY IPNN .7INA SHMVANN DN (PNHT NN NMIND TWURI) NYINI N INII9
MOOONNVY 1210 .DMNN DYI2 NI ROY HYAV YNIN2 M TY DOPY INNIY N2 NIINI
NN AR TPMYHYN NNNA D220 IR NN MWD TRIWN NVWN DT TYNRD P NN 7N
T APNNA PTA RD WININAOIINIVNINRD NMYIN XND XY NNDN

HNN) MN2na (OM) 25918 99N MY L(WN IMINDN HINK) SYNNNN 259010 .1 NYav

5¢ 2WINKN (W2 39N P2 NPN9P M ,ME) 7912000 XNIRD T (0IXNIND 9NN



NYIN2 MY M9 (MNIPN) NNV NMIY YIZYI INPOIY 2WYN NNIT DY) DINWN DINNND
Sy YN HY

NN NN
NDF ADF M58 ME
nYon 0 MNNIMN YH INNa (OM)
920090 MMY YN 86.0 23.4 34.8 21.7 9.3 1.56
920V Snp 85.2 5.4 65.8 49.4 5.9 54.1 1.63
grtalehilv) MR TN 93.2 8.5 37.1 33.2 6.5 43.5 1.38
920V IYR 90.8 9.8 30.7 28.9 12.9 63.0 2.13

72000 syup PHN 94.2 6.6 48.5 41.0 2.8 48.6 1.61
920VI0  5y»9 Y93 95.4 7.2 38.3 32.3 10.7 65.8 2.38

NS maw Yy 86.6 25.0 32.2 19.9 10.8 1.56
N2 0 WY 82.8 17.8 47.0 31.0 4.4 85.8 2.75
INI19 INYUN 91.1 11.2 40.5 29.0 6.1 70.2 2.43

WD ywn 9N 94.0 73 504 481 46 488 162
WO sypamraa 960 76 404 397 55  60.6 217

ND 5np 90.4 4.8 66.0 46.8 55 585  1.93
ND N NN 94.9 9.3 45.7 40.9 3.3 476 159
NN NN 94.7 12.9 311 27.1 35 613 2.17
NN MNNN NON 95.4 5.9 57.6 47.4 5.1 445 146
NN MY YA 96.1 8.0 46.2 40.4 3.5 68.7 2.52
ND Ty 92.7 8.2 42.0 27.7 4.4 709 251

1 NOYINN 97NDN HINN) NIMYN MNYA NI > HY HINOIY NN YW NNDVIAN 20970 .2 1YaV
MAWN D33 NN ,NI DI HY NXINDY NN OIRPOND 2970 TINN YaApIv ,(1pNn NNWY
DNV MNON NDPY YT DY THINNIIAP YAPIV  NYININ MINA

n9PNN 235790

maw Yy INUN MNNN NIN N NIN Y avy
Janvep 36.8+43.12 0.03+0.03  51.6+4.56  11.6+4.85 - -
ann1s 3544244 9.0+1.41 6.0+1.13 - - 49.6+2.55

NN - 20.8+2.25 10.6x2.77 - 27.1+3.26  41.5+3.68
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NWYYYA (MY DT MINVIA) NININ XDDIND DI DY (OPY YN YD) TPNRPN NDINN .3 NYAV
Y0 YN HY NYINI MIVITN TN SY MYN DY MMpNN

9PN NN PON NAONR N 2wy L)

Mo YAy INWUN 90 SpYNn %

7anvop 3.1+0.13 4.5+0.63 1.0+0.41 8.6+0.52 2.1+0.16
x729 3.4+0.30 0.9+0.16 0.6+0.08 4.8+0.51 9.6+0.70 2.5+0.17
NN 1.6+0.21 0.9+0.24 2.1+0.24 3.3+0.33  7.9+£0.49 2.0+0.10

YT DY HONOW PN DY avinn (ME) 191201 X Iy ,00P) 190 Ypwn .4 nbav
NN L(MED 1951200n10 72X7IRN NN (DN ¥ 90IN MPD NPNDP N1HN) NDNI MI9N

VIO 2WIN MININRD JIND . INYN NINPNL MIon v (RE) oy axn 13w (EE) noann
SY NN D)X DININND DN YD .1XININD NN NIDAVN NN NN PaY

TT2) DNV NION 790N NN P8 N (PN DRI £ YIND) NP 1199 NPNP N

el
PN M opYn ME MEI EE RE
pialalblilv) 418+18 1.56%0.01 13.44+0.84 11.61+1.09 1.83+1.78
N 6 6 6 6 6
ININ29 384430 2.23+0.03 21.47+1.75 13.11+0.93 8.36+2.41
N 6 6 5 6 5
NN 450+18 1.95 +0.10 15.41+1.12 10.2620.80 5.15+0.74
N 6 6 6 6 6

$NAVY NYINI MNPV MNYY .2
n3v XNpPo (Brosh et al., 2006 In press) 9nNna D20 1M HY N RYN 1IN

(MNNN YV Proof N NN PADY NNWKR) TINNN NN XITPY XI0IND NN Prynd

MYV 24 TUN DPXNNRD DRI INION MDD ,NI9N NP DY >DI0I1N DIVIIN DY RNONT
AP MY NIMPN SNY NMINMOPNN DIONIY NN TPNNN .1 7PN M 99N wTiNa
M2 NNMPNN NN MNN A0V KRNI YN 19IND .2V ¥NNR MY IPI1aN My
TN 1251 MWD NMY D52 NNYI NRY DT MDY 7NN IRNIND MDY MMIAPY) 1Y)
NOIYNA OXNIN PN IINNND NYAN NOIY 1917 .DIN PYN DY NMYID NNYP NN MDYINY
D792 9y D1D0YN

nmoyn .Table 4 2 nRxM OYTIN 142 NNV NINWN NMPYON DY NPLINND NINOYN
DNIY ININ 0T NP IR DN 2onv [KI/(kgBWO*day)] paon nma nusn

MPNA MPYIN TIY DX 91930 TIVK) HNPN MIOYN I7NDY MDY HW MDY DXIND NN
(M HOPON HY MTNY) MDPYIN NYNIA 1A TN TYNI PO
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Figure 1: Activity records of one cow during one day. Energy expenditure (thick line,
MBW= BW®%") and locomotion distance (thin line) are depicted on the 24-h scale. Body

activity symbols: € lying; @ standing; A traveling (walking without grazing); ® grazing.

LY NOD NN, NTNYY 91.13,62.2 ,46.2 PN NNMN DY AXNY DYN MADNN NMDPYAN MDY
PPN HY MOYN X M AR IOYIN NN DY MNXIND NMDYN .INRNND NMOYIN MDOYN
N2 TOYIN MDY MTN DN DT I2T .PNIND NPVIND NONYH NN MOV INNRND NIDNIN
N (MPT 5 YW 19T 2WI9N2) NAVINT NTTRIY 29I YPINRN XA NYNNN MYY .12HNN Mdyn

5w 12919 kI/(kgBW™) 2.84 5 nmw my 7y ,mpT 5 2 900 Yv 1ayns kI/(kgBW? ™) 0.84
62.2 NN OPNN PSN LYY NTTAY NN MYI NPy nnma nrp 1

ANYN ON N2YN MY WA DYDY SV PNN PPN M Y [kI/(kgBWCS*day)]
MOY Y DIDDD ININ AWINY NN TONNA NIDN MDY IIVWON .NNYY NN TNINRD NYNIAN

X 1190 NNWYY PRInn NaDINA (AN 7NN mby X nmnwn Jun) N2Yn a8na mnvn
X 1/24] 19 2vNN NYY TUNI NN 17P 1 OV NONN MY : XONTY ; PNIND 2vHN MDY
1 59w novn9 kI/(kgBW ™) 2.84 X nrp 11+ [m»y1 moye mvy kJ/(KgBWC*day 62.2
myw 12 5w oy moy nnxnna [kI/(kgBWCP*day] 5.43 Sw 57no 9mbs [nnna nrp
(91.1 X 12/54) 5 avnn (Table 5) 911292 710y 1Y XND2 D7P 2.72 MM 199N N2 NN
nxn (Brosh et al 2004) »a5 kJ/(kgBW° ™ *day 53.3 Sv 571p 9mYd (2.84 X 2.72)+

D22 7Y YV N Moyn o kI/(kgBWOP*day) 525 X0 ny1na 119 Y DYPY 1IRD
NN92 INII292 TRV FPINIRD ARNINY INRD ; DPPY INNININ 10.1% X1 (T 7MY YND INI1N19)

NN 5.58% NNMN MY WTIN2 MyIn moyw »n (Table 6) ki/(kgBW*day 954 i Timan
PRPT NPOINNRD
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Table 4. Models! estimations of coefficients of energy expenditure (EE) of grazing cows attributed to their activities, distances of movement (horizontal,
vertical, and vertical positive locomotion), and to their reproductive state.

Activity? above lying down Movement® , m/5 min RS3* RS24
Model R?® ST TR GRSEM P< HOR SEM P< VER SEM P VRP SEM P PR L SEM P< SEM P<
M1 0.81 402 68.0 72,651 0001 0733 0.044 0.001 0.655 0.275 0.02 ---  ---
M1a 0.81 402 676 71451 0001 0700 0044 0001 --- -~  ---  1.900 0.410 <0.001 - === === = = eee e
M2 0.75 47.4 706 96.159 0001 0820 0051 0001 0.647 0.321 004 --- - - 495 206 97 0.001 ___ __ __
M2a 0.75 474 703 95059 0001 787 0051 0001 --- -~ - 1.832 0478 <0.001 _496 206 97 0.001 .. __ _.
M2b 0.68 46.2 653 94.6 6.6 0001 0823 0.058 0001 -~ -— - 1225 0539<0001 .. __ . . . . .
M2c 0.73 478 528 g9 6.1 0001 0890 0.053 0.001 --- -~ - 1514 0.496 0.002 --- -~ - - 440 6.7 0.001
M3 0.70 475 533 920 6.5 0.001 (0918 0.055 0.001 0.635 0.351 0.07 --- - - 161 497 63 0001 . ___ .
M3a 0.70 475 529 91465 0.001 og97 0.056 0001 --- -- -- 1076 0521 0.04 161 497 63 0001 ___ ___ .
M3b 0.60 44.9 598 104.6 7.7 0.001 0915 0.064 0.001 ---  --- -  0.085 0.602 0.89 === == = o= oo e o
M3c 0.69 47.0 53.5 95766 0001 pg11 0057 0001 --- --  -- 0.863 0532 0.105 --- - - - 496 6.1 0.001
M4a 0.76 483 73.9 96158 0.001 0768 0050 0.001 --- -~ - 1.658 0.467 <0.001 -563 160 9.6 0.001 - --- -
Mab 0.69 47.0 66.6 950 6.6 0.001 0820 0.057 0.001 ---  --- -  1.044 0532 0.05 === == = o= eee e
Mdc 0.74 485 542 8.4 40 0001 oggs 0.052 0001 --- --  -- 1353 0.490 0.006 --- - - - 430 6.7 0.001
Stepwise 0.82 40.2 642 70.7 51 0001 0730 0044 0.001 --- - - 1531 0.410 <0.001 === === === === e em
Statistics across models M1 groups to M4 groups
N= 13 13 i J— i< JE— 3 - - 10 - 5 5 - w3 e e
Mean 462 622 910 . . 084 -~ - 0645 --- - 1250 -- - 247 314 --- - 455 -
Median 474 414 946 . . 082 - - 0647 - - 1290 -- - 495 206 --- - 440 - -
CV% 60 123 98 __ . 88 - 0 16 - - AT - - <151 538 - == 7.9 e -

LFull description of the models is presented in the appendix._? Activities (kJ/(MBW-ed): ST = standing, TR = traveling (walking without grazing), GR = grazing.
3 Movement (kJ-m*-MBW- per 5 min): HOR = horizontal locomotion, VER = vertical locomotion, VRP = vertical positive locomotion.

4 Reproductive state, defined either in 3 levels (RS3): empty, 180 d pregnant up to calving (PR), and lactating (L), or 2 levels (RS2): non-lactating, and lactating.
5> R? defines the fraction of total variance that was accounted for by the entire model.
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Table 5. Partition of time (h/d) spent by cows on the various activities in high (HSR) and low (LSR) stocking rate treatments during 4 mo of the
year, and horizontal and vertical locomotion (m/d) of the cows during these months.

SEM? p!
Activity? Treat February  April June August mo TRT Mo x T mo TRT Mo x T
LY HSR 7.95 6.46  7.48 7.00
LSR 4,51 522  6.26 8.32 1.08 0.74 1.55 0.36 0.52 0.18
ST HSR 5.16°  6.94° 11.84° 11.28°
LSR 7.21°  6.28° 11.42° 9.67°  0.92 0.63 1.33 <0.001 031 0.28
TR HSR 0.00 0.42 0.29 0.19
LSR 0.29 0.37 0.53 0.37 0.19 0.13 0.28 0.56 0.34 0.19
GR HSR 10.89° 10.18°  4.40° 5.532
LSR 11.99° 12.14° 5.80° 5.642 1.32 0.90 1.89 <0.001  0.69 0.90
HORG  HSR  1507° 2,263° 1,025 9678 -
LSR 2,724> 21889 1,179° 969 306 209 439 <0.001  0.97 0.22
HORT HSR 0 782 622 357
LSR 648 1,350 1,157 690 418 286 600 0.29 0.13 0.98
HOR HSR 1,507 3,045 11,6472 1,3242
LSR 3,372° 4,239 2,336 1,6592 663 454 951 0.03 0.33 0.68
VRPG HSR 157° 149 832 83 -
LSR 163>  159° 772 712 23 16 33 <0.001 0.15 0.96
VRPT HSR 0° 16 7 1 -
LSR 28 15 190 ha 7 5 10 0.04 0.42 0.17
VRP HSR 157°  166° 902 85°
LSR 165>  174° 972 752 27 18 38 0.003 0.30 0.98

! Effects: mo = month; TRT = treatment; mo x T =interaction of month and treatment. 2 LY = lying; ST = standing; TR = traveling; GR = grazing; HORG = horizontal
locomotion while grazing; HORT = horizontal locomotion while traveling; HOR = total horizontal locomotion: VRPG = positive vertical locomotion while grazing; VRPT

= positive vertical locomotion while traveling; VRP = total positive vertical locomotion.
abc Means within a row that do not have a common superscript differ, P < 0.05.
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Table 6. Average heart rate (HR, beats/min) and energy expenditure [EE, kJ/(MBW-<d)] by treatment! and month.

Month __SEM?_ Significance P?<

Variable  Treatment February April June August T M TxM T M TxM
HR HSR 82.5¢ 89.4f 54.42 60.5¢
LSR 96.59 98.7" 58.9° 58.0° 020 0.28 0.39 0.001 0.001 0.001

EE HSR 789 886" 469? 507°
LSR 9548 1,092" ATTP 5454 19 2.6 3.6 0.001 0.001 0.001

abedefoh Means within rows and columns of the same variable that do not have a common superscript differ, P < 0.05; superscripts (a) to (h) rank the
variable values from smallest to greatest respectively.
1 HSR = high stocking rate; LSR = low stocking rate.

2Treatment Effects: T = treatment; M = month; T x M = interaction treatment on month.
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Table 7. Estimations by 4 models of the daily energy cost of activity [kJ/((MBW-ed)], above lying down energy, in high (HSR) and low (LSR)

stocking rate treatments during the trial months.

February April June August
Activity! eatment Mla M2a M3a M4a Mla M2a M3a Mda Mla M2a M3a M4a Mla M2a M3a Mda

ST HSR 8.6 10.2 10.2 104 116 13.7 13.7 140 198 234 234 23.8 189 223 223 227

LSR 12.1 142 143 145 105 124 124 126 191 226 226 23.0 162 19.1 19.1 194
TR HSR 00 00 00 OO 12 12 09 13 08 08 06 09 05 05 04 06
LSR 08 08 06 09 10 11 08 11 15 16 11 16 10 11 08 11
GR HSR 324 431 404 431 303 403 378 403 131 174 163 174 164 219 205 219
LSR 35.7 474 445 475 36.1 480 451 481 173 23.0 215 23.0 168 223 209 223
HOR HSR 37 41 47 40 74 83 95 81 40 45 51 44 32 36 41 35
LSR 82 92 105 90 103 116 132 113 57 64 73 62 40 45 52 44
VRP  HSR 10 10 06 09 11 11 06 10 06 06 03 05 06 05 03 05
LSR 11 10 06 09 11 11 07 10 O6 06 04 06 05 05 03 04
Sum Eac HSR 457 58.4 559 584 516 646 625 64.6 383 46.7 458 47.0 39.6 489 47.7 49.2
LSR 57.8 728 705 728 59.1 742 721 741 442 541 529 543 385 475 463 478
% of TEE HSR 58 74 71 74 58 73 71 73 82 100 98 100 78 96 94 97

LSR 61 76 74 76 54 68 66 68 93 113 111 114 71 87 85 88
IST, standing; TR = traveling; GR = grazing; HOR = horizontal locomotion; VRP = positive vertical locomotion; Sum Eac = sum energy cost for

activity; % of TEE =, percentage of Sum Eac in total daily energy expenditure (TEE).
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2 D)X NMYIN INND NIV NIYN NN MIIN NPV DU 13191 HP0NIIND MIYN 11250

NNXINN 57NON 11.4% Y 5.8% W DY P2 NI TN NMDOYIN Y5 DY MOV My . Table 7
Moy 57NOS\NMYIN MY DY : ONPN NTIV MINRN DIRNIN 7AW D33 .N19N DY MPVININD
NN YN MY NN ,IOYIN TYN DX NN NN NTIV TOYIND MDONX IUNRD .9 DI IND
VDU VYV (DT 1400) PV MPHNA »NAVY NYINI M993 002 .1PVININN NRNINN I'ND
WAYN NPYNN DTN ORN PYTAY NN NIVNN .2 MO NOWND NNITI (920090 YNND XIN) NN
MY DT 7PN MOITHIN MPONA JPNOY NIDOYIN WX NIY IND DTN .MDOYIN NTNIN DY
MIVPN MPYNT INSDIIY DNV 7PN IMYIM DTNRYD NPTV TN MIVPN MPYNI N3NNIV
NNNYNL MVPN NPONI VOININ) NI NDNPIM YWD 1PN NYIND TWURD .NIMYN NMYD DOXNN2
mMpPoNa 9N MY PN PYY KOO N1ODN NN OXPNINT JIIN DWN (MDA 920VIDD
NN NP 0.69 NMYD 2.0 Y NARNNA NN NYW 0.37 NNIYD 1.0 ,NNVPN NNIYY MNTHIN

87.7 D 62.2 Y2 NN MYI KOY NION MDY DY MUINND MOYNY INNND . DNNNNI

2.84'9 2.92 P12 NN WPONA NYNNN YW MY NHXRNNL MNTHI nvpa kl/(kgBWO*day)
,OP2 90N 1310 ) 129N NYW 0.63 Sw w1anw >0 Nnuanna m/day Sv nynns J/(kgBWO ')

1.22% xnv  kJ/(kgBWO*day) 5.74 Sw mby mynwn mvpY nYhn nponn pa wiann
.DMDNA NTTOIW IINDPNN TR MPANIND NRIIN 27NON

DNWY»Y 1) .Y THY D19 DI DIWTN DOTIND DN MY NPT DRNIND DINTHN :8I0Y
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1720 T Y NMY NWINI NWYNY) TT¥2 0XTH M9 YW 250 A8P NPTHY PYSN 1PN
MVNY PYIN NNT DY NP1 AV MIMN DMIPNNN MINNIN 91NN 1999 WHY (VD
OUINM INDHRN TIVN YW OUNT WTH DN MM THONA K¥NY 297 AP HY SUMVIN
IV DIWHN 1T .D9TINN MY TNy ¥SY DOMY TINY DNPN NN .TPNINIV NHHHIA
7772 VIOV N9 MY YW PN TPYINN MDON NPT TINN SOXNINN INHDD IVN 7N
YINN DN DONINA PN ANV N9ITH PIRDN NP SV NPIPNI BN DININI NPNT XY
NN YIAPY P I IWRD NID NNY TITY PINN .IPAY YT UNN TUNI) NMDNI 19I0)
N NI DIP NN DT PINOY IR ALY NN YW NN NINT TINN TYIND MIN
25V DN 920 DRYMY MNXIPNN TIVN YV OUNT WTH 1IN 1PN 1NN MINSHIND
.DTpIn

MNM MINY DY DIV

TN NNPNY PN MY .1

YN MIYIT TNNA DY 7INIRN JIND) DININ PN 2971 JPANRD DDA NN DI0Y .1 PN
NNY MMV NMY NYINT MM Y NPIPOYN APIOYIN TUN DX TITNY .2 NN O
NYOVUN NN PAND .3 TPPAIRD NYNNN MDY TWI NMYN NMDOYN W PVINNRD PNNN
2TND ONN PNIAD .4 .M MDY TPINNRD NIRNIN DY 12 PN MR 1 THN M2

792 N9YION MINIRN DRI MDOYAN YTTNI DY NYaUnN v NPoNN

NYTN ONMNN NN NNPNI NYINY NIRNIND DNDONN MIPY .2
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