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Table 1. Summed number of lying lambs in all
sampling points in each road type
Arterial Mountain
Year roads Expressways roads
2006 53 (38) 303 (299) 3 (2D
2007 16 (30) 240 (243) 36 (17)

* Observed number (expected number in y*test).
x*=48.69, P<0.001
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Table 2. Summed number of lambs that headed to each direction in all sampling points in

each road type

Road type

Directions Year 2 P
Arterial roads Expressways Mountain roads

Front 2006 245 (321) 872 (724) 36 (106)
178.77 <0.001

2007 441 (364) 675 (822) 192 (121

Back 2006 98 (130) 325 (267) 21 (46)
81.44 <0.001

2007 128 (95) 139 (196) 60 (34)

Right 2006 23 (36 163 (138 12 (22
'8 (36) (138) 22) 21.25  <0.001

2007 91 (77) 269 (293) 59 (48)

Left 2006 66 (66) 80 (64) 11 (25)
23.73 <0.001

2007 68 (67) 51 (66) 41 (26)

Observed number (expected number in y*-test)
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Arterial roads

Fig. 1.

Expressways
Road type

Mountain roads

Mean frequencess of lambs that lost their balance during transport in
each road type in (mean-+SD).

** A significant different between each road types (P<0.01).

Table 3. Variation of physiological measurements from pre-to post-transport

in each year (Mean=*SD)

measurements 2006 2007 P
Heart rate (bpm) —9.8+£19.4 13.5+20.3 n.s.
Plasma cortisol (ng/mL) 2.54614.046 3.608+3.435 n.s.
Blood glucose (mg/dL) 13.9420.9 11.0+18.8 n.s.
Blood lactate (mmol/L) —0.10%1.61 0.86+0.82 n.s.
Plasma total protein (g/100dL) —0.26%£0.35 0.27%+0.31 n.s.
Plasma pH 0.025+0.1488 0.0000.0000 —*
Rectal temperature (°C) 0.29+0.24 0.70£0.40 n.s.

*Plasma pH could not be analyzed because all variations in 2007 were 0

Torre 5% 13, BBV TERELY bEX
IcA 7V—#®@ﬁﬁ§<ﬁ%’&%ﬁibfﬁ
D, CockraM 52 b—filEE X CHEEIIBWT
ERELD LT L —FPT I kI, Ebl@%z’wﬁﬁt
ITHEINT 2 2 EAHE L TWVWD, F72, CockrRAM
520, TR T L —F, s AOEEC
L0, —BEBIUVHESEIBVWTEERELD &
ﬁ%gﬁﬂﬁ%ﬁ@@<,ﬂ7/X%%T@ﬁ#
BiNd 32 EbMELTHY, SHoEREIh

5D LFEIREOIERTH - 7o —REB LU
BIZBWT, (REACLEER DD & [FH I 2006
X0 b 2007 FEDHNLDE L DAHREZEEV T
BFEE & 18 5 72, CockraM 52 1F, —fEB LT
HE&EICBOLTEREL L SBEDHEML, REA
L6 X OREBEMSELT 2 EARELTE
D, BEIOEEINC X O REMLE & ORE OB A
FARELTWS, 2D EMS, 2007 FiTid

i K LRSI L 7 2 & T, fEhC



Table 4. Physical enviroment in vehicle during transport in each road type in each year (Mean=*SD).

These values were mean value in 5 minit

Arterial roads

Indexes

Expressways

2006

2007 2006 2007

Vibration (m/s? longitudinal —0.0014£0.0071

—0.0013%0.0006

—0.0014%0.0259 —0.0011+0.0013

lateral 0.00282-0.0054 0.002920.0006 0.0031%0.0138 0.0033%0.0027
Airflow (m/s) 0.12%+0.18 0.00%+0.06 0.40%+0.18 0.15%+0.23
Noise (dB) 87.40%5.50 87.38+11.33 96.8016.40 97.53%+10.17

Mountain roads
Indexes
2006 2007

Vibration (m/s? longitudinal —0.0018£0.0093 —0.00120.004

lateral 0.0031%0.0066 0.0030%0.0010
Airflow (m/s) 0.12£0.11 0.09+0.16
Noise (dB) 80.60+12.50° 95.61+9.32°
ab A significant different between years (P<0.001).
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Summary

With the increasing concern of animal welfare among consumers, regulations for animal
welfare have been implemented. These regulations also cover transport of live animals in EU
and the USA. In Japan, it is needed that the level of animal welfare during transport is studied.
Therefore, this experiment aimed to study and evaluate stress levels of sheep during trans-
port with increasing arterial and mountain roads because of geological characteristics in
Japan. Lambs (approximately four months of age) were transported by truck in July 2006 (in
the shortest distance) and July 2007 (in the increased distance of arterial and mountain roads).
There was a significant relationship between year and road type in the number of lying lambs
(x?=48.69, P<0.01). While the number of lying lambs in arterial and mountain roads in 2006
was more than the expected, fewer the number of lying lambs in arterial and mountain roads
in 2007 was than the expected. There was a significant relationship between year and road type
in the number of lambs heading to all directions (front x*=178.77 ; back y2=81.44 ; right x*=
21.25 ; left x2=23.73, all P<0.001). While the number of lambs heading to directions expect left
in arterial roads in 2006 were more than the expected, fewer the number of lambs oriented
most directions except left in arterial roads in 2007 were than the expected. The number of
lambs that lost their balance in arterial and mountain roads was significantly more than that
in expressways (both P<0.01), even though a significant difference was not found between
years. The number of vocalizations was hardly observed at the early time of transport in
2006, but large number of vocalizations was observed in 2007, and the number was linearly
decreased until 80 minutes of transport (y=—0.131x+11.81, R2=0.798, P<0.01). This might be
due to the presence or absence of isolation of lambs from ewes before transport. More in-
creased variation of heart rate, rectal temperature, plasma cortisol, blood lactate from pre- to
post transport were seen in 2007 compared to those in 2006, but all variations were not statis-
tically significant. These results suggest that the shortest route including expressways
should be used and drive carefully when the shortest route could not be used, because stress
levels of transported lambs were slightly heightened with increasing the distance of arterial
and mountain roads.



