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Summary

Giraffes are kept in zoos around the world for conservation and education. The World
Association of Zoos and Aquariums (WAZA) encourages improving animal welfare and
further states that WAZA member zoos and aquariums have a responsibility to achieve
and maintain high welfare standards as environmental conservation organizations.
Several studies have been conducted to improve the giraffe husbandry environment,
and zoo technicians have been developing “environmental enrichment” to reduce
behaviors such as oral behaviors and licking nonfood items which are common problem
behaviors among captive giraffes. The main strategy of this environmental enrichment
1s the encouragement of species-specific behaviors. For example, it has been shown that
encouraging tongue use and ruminating behavior reduces licking behavior.
Additionally, American and European giraffe husbandry manuals also recommend tree
feeding (browsing enrichment), which replicates the giraffe's natural diet. However,
especially in winter, it is difficult to obtain tree leaves, so hay and other alternative
feeds are typically fed to giraffes. Therefore, this study examines whether giraffes' oral
behavior would change if evergreens were fed to them in winter as in other seasons.

The effects of browsing enrichment on giraffe oral behavior were investigated at the
Kyoto City Zoo's “Grasslands of Africa” exhibit facility. All participating giraffes were
unrelated to each other and had adapted well to the captive environment of the Kyoto
City Zoo. Browsing enrichment provided eight different types of trees for each season,
and observations were conducted for 5 days in each of the four seasons, with three 2 h
sessions recorded daily. Behavioral observation techniques were based on individual

tracking sampling and instantaneous sampling at 3-min intervals. Oral behaviors were



also recorded using 1/0 sampling at 1-min intervals. Observations showed no
significant decrease in foraging behavior during winter. Similarly, there was no
significant difference in the amount of tree feeding and foraging. However, the
frequency of oral behaviors revealed a significant increase in winter. In other words,
the increase in giraffe oral behavior in winter may be unrelated to the number of trees
fed to them.

To confirm the results of this observation in detail, another observation was conducted
at the same facility. First, the focus was ambient temperature effects. Giraffes are
ruminants and rumination is a heat-generating activity within the body, Cattle, which
are also ruminants, have been reported to decrease their activity, especially in hot
environments. This factor should be considered when implementing browsing
enrichment for giraffes. Therefore, in Chapter 2, the effects of ambient temperature on
giraffe foraging behavior and the effects of browsing enrichment are examined. The
expression of oral behavior was employed as the effect of browsing enrichment and was
recorded with 1/0 sampling at 1-min intervals. The Temperature Humidity Index (THI)
was employed as a measure of ambient temperature. Previous studies on cows have
reported increased juvenile animal disease rates at THI of <50 and decreased activity
and milk production of >70. In this study, behaviors were first classified into two broad
categories, “active” and “inactive,” and their correlation with THI was examined. Next,
a comparison of the incidence of behaviors using three criteria: THI < 60, 60 < THI <
80, and THI > 80 was conducted. The location of observation was the same as in
Chapter 1, but one observed individual was different. The observation period was
divided into two periods, before and after defoliation, each lasting 22 days.

Observations indicated that as THI increased among all giraffes, active behaviors



decreased and inactive behaviors increased. In some giraffes, foraging behavior was
significantly reduced when THI exceeded 80. On the other hand, some giraffes showed
a negative correlation of foraging behavior along with a decrease in THI. When
comparing behavior by THI category, some giraffes showed a significant decrease in
foraging behavior when THI exceeded 80.This indicates that captive giraffes may be
affected in their activities by heat and browsing enrichment in hot environments may
be less effective. In contrast, when THI fell to <60, some individuals showed a
significant increase in oral behavior. In particular, landscape trees were already
defoliated when THI was <60, and foraging on the leaves of landscape trees over the
fence may have reduced the expression of oral behaviors.

In Chapter 3, we investigated the changes in the oral behavior of giraffes associated
with the defoliation of landscape trees, using the same facility and same individuals
observed. Zoos are educational facilities that set up exhibit environments mimicking
nature, for conservation education. The plantings' presence are anticipated to affect
animals behavior, but few studies have focused on this aspect. Therefore, to investigate
the behavior of giraffes and influence of surrounding landscape trees on them, we
conducted observations for 12 d, before and after defoliation. Additionally, we examined
behavioral records by instantaneous sampling at 1-min intervals. We also recorded tree
foraging and oral behaviors by 1-0 sampling at 1-minute intervals. The results showed
that landscape tree foraging behavior significantly decreased after defoliation in two
among the three animals monitored. Regarding oral behaviors, wood-biting behavior
showed a significant negative correlation with landscape tree foraging. Similarly, the
tendency to forage for other foods, such as hay, increased. In other words, landscape

tree foraging was thought to be partly responsible for the giraffe's foraging behavior,



possibly correcting its oral behavior. However, licking behavior was not correlated with
landscape tree foraging behavior, suggesting the influence of other factors.

Next, the foraging value of nonleaf parts in giraffe tree feeding was evaluated. One
important goal of environmental enrichment is to encourage the expression of species-
specific behaviors and wild giraffes have been observed foraging for tree bark. Although
leaf foraging is often the focus of giraffe foraging, it is important to evaluate the value
of using twigs and bark for foraging to encourage the expression of species-specific
behaviors, especially during seasons when trees are leafless. Therefore, detailed
observations of foraging behavior were made in captive giraffes. Three giraffes were
also observed, but one of the individuals observed differed from the previous research.
Tree foraging behavior was divided into two categories: landscape trees and feeding
trees, and the foraging sites of feeding trees were further classified into three types
(leaves, twigs, and bark). Tree species were recorded simultaneously. The
instantaneous sampling interval for behavior was changed to 1 min, and oral behavior
and tree foraging behavior were recorded simultaneously at 1-min intervals (1/0
sampling). The observation period was divided into pre deciduous (May—August) and
post deciduous (October—February) periods of 17 days, respectively. No significant
changes in the expression rate of foraging behavior were observed. However, there was
a significant decrease in the foraging of landscape trees after defoliation. In contrast,
foraging of alternative foods such as hay increased significantly, as well as the
frequency of foraging tree twigs and bark. This indicates that twigs and bark may have
the same foraging value for giraffes as alternative foods such as hay. The degree of
bark foraging by giraffes also varied by tree species. This suggests that a preference for

specific bark exists among these giraffes. Additionally, giraffe foraging behavior tended



to increase in trees which giraffes forage for bark. This suggests that providing giraffes
with tree species suitable for bark-eating may be effective in promoting the
development of species-specific behaviors in giraffes and improving their winter
foraging environment.

These observations indicated that some measures should be taken to care for the
giraffes, especially in winter. Previous studies in cattle have shown that providing
warm drinking water in winter prevents a decrease in rumen temperature and body
temperature. Therefore, in Chapter 6 the same facility was used as in Chapter 3, with
warm water installed in the winter and behavioral changes examined in the same
animals. Control and warm water installation periods were alternated and the warm
water was maintained at approximately 37 °C. The water temperature was adjusted by
adding warm water at 9:00 and 13:00 daily. The volume of drinking water for the
giraffes was calculated from the final remaining volume and the warm water supply.
Drinking behavior was recorded at 1-min intervals with 1/0 sampling, and the location
of drinking was recorded simultaneously. Behavioral observations showed that the
installation of warm water increased the number of times the giraffes drank water,
decreased the number of times they drank cold water, and increased their drinking
behavior immediately after the warm water was provided. The total amount of water
consumed by the three giraffes during the 7 h exhibit was 69.16 + 9.54 L. This amount
of drinking water was greater than in previous studies. In other words, the results
suggest that these giraffes preferred warm water. Furthermore, some of the individuals
we observed showed a significant decrease in licking behavior among their oral

behaviors. In other words, the installation of warm water improved the giraffes'
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drinking environment in winter and reduced the stress caused by the cold
temperatures.

This study determined the foraging value of no leafy tree parts for browsing
enrichment, confirmed the existence of a preference for bark, and identified the
influence of THI on giraffe activity, the effect of landscape tree foraging on the
expression of species-specific behaviors, and a preference for warm water. However, as
the population studied in this study consisted of only three individuals, it is difficult to
extrapolate these findings to the entire species. However, these findings contribute to
the improvement of the giraffe husbandry environment, and we hope that continued

research will further contribute to improving the welfare of giraffes in captivity.
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IZLUART R 0 I@EAT O 00 AP TEIN B ST\ e, £ 2 TARIFRETIX, 5L L7z
FCOFBEHORNEZMEX CETLUTOL ) AR E Lz, (DFEE FOXY I
A HNZIAFREE ORI Z /830X, D TEIORBBEE I OFRE L FR%ETH DL, 2%V
CHPRE LTBAROER L ABATEI ORI ICHBERRR H 5, T b OIGE ORGEE

ZHBNC, RET U o F A2 MRFEHEIC G R DB EBIRE LT,
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1.2 MEB XUU5E

1.2.1 #h L EEREE

SR TiEEE  (lbfé 35 £ 0 43 46.37 #, HiE 135 J& 47 43 10.03 #, 1% 47.6m) Tl
BINLF¥D 3B L RETEMMEOFEHCTH 2 i oxGE T — % (K%
JT,2021) %% 1.11277), 2013 4EnEHF ) 2/ L e —v~r~ (Equus grevyl) %
BERRLTEY, 7202 (HE 3m) EREEMA—ATHERLTWS (K 1.1),

777y ROHRIZIZREE OBZMN@R I H Y, Y EREUEITRETHZ &N T

5, BHNIZIIREZEZ S 253823 H 0 . iCHERLTWS, LrL, U IEZh
BORDEZ, 72 ADRENOETRENRD ZLNTE L, HENRIT, 28D A X

(X744, AA) E1HOAR (FVHF) ThdD (£1.2), T4 L3 XIIMHEBEEREN
b, AAFMHETH D, 2B, I VIR HEME TEENTH D, LT TICE
ELTEBY., £285E0x Y o ORAERK(Wolf, Ngonga Ngomo, et al., 2018) & [AkETH -
felcd, 20 3TN F FATEN B L 5 2 2 veEtEiRnw e Ex b, ¥V~
(3 H 9 RS 16 P E TERIMIE/R S, HENTENICIA S iz, AUFE TR L
TokafE AL, [AEME T 10 FERISEM S v, 3 CllE OB E BLICHAIA TN TE
V. BEHDF Y &b ZOFMEFEBICHIZIES LT,

# 1.1 FUET ORI, FEXHRE, SR KEOEAE (1991-2020 4) (4T, 2021)

H TR ARexin BRESE THEGEE BFfEKE
()

(°c) (°c) (%) (mm)
1H 48 9.1 1.5 67 53.3
2R 54 10 1.6 65 65.1
3R 8.8 141 43 61 106.2
48 144 20.1 9.2 59 117
5H 19.5 25.1 14.5 60 1514
68 23.3 28.1 19.2 66 199.7
7H 27.3 32 23.6 69 223.6
8H 28.5 33.7 247 66 153.8
9AH 244 29.2 20.7 67 178.5
10A 184 23.4 14.4 68 143.2
118 125 17.3 8.4 68 73.9
128 7.2 11.6 3.5 68 57.3
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22m t
) @

. RERTISTUF

L

@.
@ e FATTTIA
@-
@

VLR TITTRA

X 1.1

mEsTENE BT L TR

22m

O -+ fRER o Ty
e AdFa—T(XY) 0 LThY

- B E(FU) 0 7X=L
e BRE(RTIV) e EEERE

(FE: MLBEARELTT (V) , ALk ~A Fa—T7KeES (V) )
#* 1.2 BIEEEROFA
£ thl AR kEH 1 45 BE %
234 F 2001/3/24  2005/10/24 ALEDE
A F 2013/5/18  2014/11/10 —
34 M 2016/8/26 — SSADHKIETF
#® 1.3 BEGR O
A B Fi#EESa+SD (°C) FHRESKELSD (C)
& 2017/5/9 - 2017/5/13 23.6+0.80 16.5+1.55
= 2017/8/29 - 2017/9/2 29.2+1.94 24.6+2.06
A 2017/10/17 - 2017/10/21 18.0+£1.10 15.6+£1.02
£ 2017/12/5 - 2017/12/9 9.6£0.49 4.9+1.36
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1.2.2 ZFEEBRFIE
BIERI Y 7o > T, LHILS O E ORISR [JEHE] L7 DR DDA TH -

Tl A 4 = AT TR A T 72, 2017 £ 5 7 9 A 12 A 9 H
EFT. 1 =X b5 HE, ¥V OB LITo72 (R 1.3), 2TOBILEAITHREATH
oz, WIRIZ LT, VY VCERTCBAROREHE TOEELFEK L. (R 1.4), KFFET
FIR LIZfARIE, 9 43 (Quercus myrsinifolia). ~7 % XX E®F (Ligustrum
Iucidum). 7 Z (Prunus yedoensis), 7 %=V (Ulmus parvifolia). =% 7 3137
(Robinia pseudoacacia) . ¥~ &% (Morella rubra) Tb 5, & 72D BAROHEIITE
HilZ Lo TR o7z, BT, B2 DBARITR DT, =87 BT IEAIT
HENIRUVIREETE 2 bl T, fEOEREIL, ¥V ZEX DN, SR THE LTz,
TANTORAIZ, BREOZ T U FTOMEEM & KM OBEE TOREERIZS T b,
EFRICBIARDEEZBEREL, 1 BICEHAROEEZHILL, U U RAELE
BIARDEEOHEZHEE LTz (BIEM A 2FR<), BROZZ 7 FTIE, BIAROMIZL—
YU (BB A Xa—7 (TAT7707 7 HlIRGE) 25277, BENT
T, V=P UL, A Fa—T, XL vk (Mazuri® Wild Herbivore Diet HiFiber,
St.Louis, Missouri, USA) ZHilBR#GEE TH- 2 72, L LMD, —H Ui BRI 58
BIZENOL T Z TR oTc, U U OETHIE (Hatt et al, 2005) TiE, U 03
W HIRNXF—BEEETHETHEBI & LEGAIC, 11 BYS -0 ICnELE T D
i3 9.2-34kg EHEE SN TR, AW THET OIENOENDLEORTIIRELY 56
DTIHR, ETo, F VU AT E o THIRIE, FERITH A THRE S D IEAHED SO KT
by REIZEARLSNOER i) 252 TH, SIROREREIFIZL LW &2
52 E 72> T % (Gussek et al., 2018; Hatt et al., 2005), TN ABE 2, HHEROD
HLE R L OHIBRAGEED N Ly REAnAg T2 —T % 52250, AlEe/eR Y BFELGEE2Y vl HE e

BOBAZ G522 &9 8GN 21T > T\ e, 8RNI T U 2 RO PN oL TE
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. FEDF Y UNERTDHZ &30 o7, KIZHBIZHE UK T Y b #iEe Z &
M E T, BRI 9:00-11:00, 11:30-13:30, 14:00-16:00 & L7z, DFEATENCREAL L.
ZHBREED 2O, BRBITEZE DR 1.5 IRTITE b Rtdk Lz, fidkix, 3 ofkE<T
BTOXY CZ2BEY ) 7T LT, S5, ABATENL. 1 2RO 1/0 ¥
TV BTV LT, BATEIOFIG L ABATEIOMEEZ 1 H DL ICREH L, 1 H
B2V OFATEOEIG & ABATEI 2B L, BFEHOVEIG & FHE L LT,
RIFFEIE, TERZRFZOBYMERHTE (BIEEE B L OFEIEE OFTEE) 1cE5%

FEhi <., o, BRETESYECTHLEROAREZZ T (G32-01-B),

F 1.4 BIAROKEHE

=5 BiiE (kg) WHREERES
SIhY —wTFHUT Y95 YYEE XL bORXSEF (kg)
& 17.6 20.6 21.4 21.3 - 12.0 92.9
2 174 18.5 298 - 17.3 - 83
o 19.1 18.8 232 - 11.1 20.9 93.1
& 258 25.0 - 224 - 25.5 98.7
#* 1.5 TEIOES
I8 EE
{E A FITE
RE BYOERKRUERK
®rE O TEICTEEIZTHT R LEET 5. 45 (TITILOREML
%) REBANBWEEFTSE., HBEL. BUER#&AD
o4 H1T. BT ET
QRS 8 BYBRLMEHRSOS. BEEEGICEPRTIRS
- EEMEEOENELTS
BEETE
EEHIT 21t MEREYRLSITT D
Z Dt YR EIZHEVNZDMDITE)

1.2.3  HEHENT
1 HY72 0 OfTEVEEES, OFEITESEE, S8 L7-BARDEEDZE{L% Steel-Dwass

FRATIC L DT LTz, F7z, 12 HFE (B~%) OBIERT =2 6& 00 A TE M
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FELHRABAODER L OREAZFMT A0, V7 Y UOEHELZHW- (B, &

Z7 —F DOWHEKIZEY | FHERREETH-70), AR THIL, U 1HEHZY HERE
LIEBIARDOER L NEITEIORIME Z BT 5 2 EREE LoTeh, F U 1EHL
O OREBIAROERIIITEBLE O TITHERETH Y . BRERTER OB ARDEEL(LND
BT 2L LnT&enole, 0k, &% Y L ONBATHOEEFHBEELS 1 B Z

EIZEEIL, &2\ T M (860) THIV, 2aT7klzcb i, 1 B OFE LB

DI EE LB LTz, T XTOT—Z T FHE L 95%EFX M TRR LT,
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1.3 R

FHiZE L CHRE LEBMAROEBICABRRZTR AT, EOFHTHRREORE
HEENBIE SN (K 1.6), FHIC K > TEBFEORAFIGIIE LA, SHFETOE
EHERIIIABRRETR O o7, XV D 1 bl OITERBEIG OELE K
1.7~1.91r 7, &2TOx Y COREATENL, ZIZWNLZ, 74 ORETEIIRE R
DENCEBERZENR ST, X ) o TIIFEEREITR NS o7, RBATENT T
NTOFY o TRIELL, 1 HHY ORNEITERIMEZ 1/0 7 ) 7 TRA L
LA, BTOXY U TEHBICHBRAENBO b (K 1.2), 1TEFRBEIA &Rk
2, AZAPATEIORBIBEZ I TAEICHEM Lz, AETEIORBSE S BRE LI-BIRDE

e DORIZIE, AERMEITRRD bhroTe (1K1.3)

# 1.6 sHEEICK T 28 BHEOEE SR EE L HIE

EiEEd A
SSHY =B THIT HHS YYEE F7X=L FORXIEF T
&
REBEE (k) 5.9 9.7 10.3 9.8 - 55 41.2
EBIE %) 36.9 471 488 46.0 - 458
2
HERBEE (k) 717 11.0 16.4 - 6.9 - 420
EREE % 443 59.5 55.0 - 399 -
74
EEBEE (k) 79 6.6 10.3 - 3.9 14.2 42.9
FREE %) 414 35.1 444 - 35.1 67.9
&
REEBEE (ke 7.9 6.6 - 10.1 - 14.4 39.0
EBEIE %) 30.6 26.4 — 451 - 56.5
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#* 1.7

I T A OVEATERAEIS (%) DXL

= HAR

i 5 5 T X
RE %) 61.0+24% 31.1+30° 496+88%° 427+45"
KE %) 13420 39.0+38° 17.1%32° 145+73°
=& (%) 124427 175+17 127+45 20.3=*4.1
& (%) 100£1.2 6.3+03 153*44 135+43
ORE4TE) (%) 24+07* 29+06™ 1.1%x05° 69=+10°
FEST W) 0.0+0.0 1.0+0.2 0.0+0.0 0.0+0.0
Z D4 (%) 1.0+0.6 3.2+3.1 3.5+0.7 20+0.4
EXFM: P<0.05

# 1.8 A A OVHATEVRBLEIS (%) DAL

. AR

e 5 5 T X
=E (%) 28.7+56 241%+53 270+14 306*44
KE (%) 268+38% 442+75* 283+55® 213+24°
=& (%) 16.8+30 123+28 144%35 19.6+48
& (%) 206+18 135+32 212+33 188=*36
ORE4TE) (%) 41413 22+0.7 48+1.3 76+28
FEST %) 0.3+0.2 0.0+0.0 0.0+0.0 0.2+0.2
Z D (%) 24+06 3.6+36 3.3+0.8 2.9+0.9
EXFR: P <0.05

# 1.9 I THXOEHATEIRBREIS (%) D%k

. HAR

M 5 5 w x
H=E %) 278+26 167+46 274+36 223*25
KE (%) 39.9+23% 512+59™ 235+34° 30417
K& (%) 124+52 16.7%+07 17.3*+26 222+54
ZE (%) 143+1.7% 103*16° 243%3.1° 156=+3.1%
ORESTE) (%) 2.8+0.6° 19+04° 33%+07° 7.0%06°
FEST W) 0.0+0.0 0.0=+0.0 0.0+0.0 0.0%0.0
Z D1t (%) 3.0+1.1 34+1.3 40+15 24408

BEXFR: P<0.05
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1.4 B
OV TENOR BB 1L, FHEIC Lo TEI L, FR-CERNCED LT, 2 ToF Y T

FHLL T o, ARFZEICE W T, MEFARITEFER LT 2 fThii T2 &nnb,
BIZWIMICRE ST, o0 OPATENIRAE L T D A[EEMEDNH D, FRZAIZIE, &2 To
XU THPATEINEN L7, DF V. RSIERES e o7, ZHE TOWF%E
(Dagg, 2014) TiE, F VU NIEITHEDORENAREIC/R D & ABATEIOME R D+
5T ERHESNTND, LaL, AREFETIE, 2BV THEEITE & KBITEI
T5Z LIl Floo AR TIE, BIROKERICRE 221017 < . HEFLZE
BIIEOFHTHRBE TH -T2, DF V., Q) bILEES R o7, T H DOFER )
. ABHRICE T 5% U O NEATEIORBICIE, BB ERTZT TR ToMh
DBERMNFE L H 2 TV D RREME R STz,

X 2.5 1R LIzl | AHICHED I RIE TIREE L= T W T DX 12, BEOR
DIRFETHRENEO DN LBHENH V| B Z & CEREFIHNLN R 7 5 v et 7y E 2
Bz, ¥V OBEITHT DEMPEIZ OV TIE, Sauer H (1982) A@EL TRV, *V
COBBEORAIL, HA VRV EERRERSGRERLRERMBERS DL L END, B
ARKOTYETHREE SN D BREOIEDOREM RWFETH 2 5 5 BIARDOTREUM & [F Hil <
B5) T BEATZE (EH G, 2017) TiX, =k&T7 BT (25.0%DM) X kR X
IETF (14.2%DM) OFEH & o RV EERREIL, YT Y (10.4%DM) Y ~EE
(11.2%DM) LY b&E<., FEKRGEE =TT (656.6%) MV RAIETF
(66.0%) 1%, ¥ T7HY (52.1%) BLOVY~EE (59.4%) LY bmrot, £72. Zh
D ORBRITITBFEIC L > TEHIZEMRH Y, MY V7 EEARETIE, Y~EEIXIA
B 12 HIZF TEATHEMICH Y. FURAIFF, YIHY =T A ITITE
IR O o7z, FANERIT, YT hY, Y~EE, =T H VT TIE6 HUK

WIRTS2MEICH Y, FURAITFICEIIR SN Lo Te, AHFFETIE, FU I
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W, K B ARG 2T, EOREM OV TORE & OEITIFZE (2017) & O
BEIEREETH S, LinL, =T A 7R PR A IEFIIAMIE TORREEIE 1T
<V FZ=BT7 AT OEOBRWAITEWERERIGZ R L., L->T, ZThb 27
DIEJZ X0 G LR T B O S S DA BB HER SV TWERER, £ U v omgafE
REOTAREMNRE 2 bz, SBI2, U UM ZRS 2 LT, MERETT
DEREATEIORBUCA RN TdH 2 /RN & > 7,

—J5 . KBATENC DWW T, 2 TOF Y U CEMICHMT AR L o7, BEOMFE
Tox ) vOTEICBIT 578 (A—ARF7 U7, ¥ F=—) T, FUIIBFSICH
<. RIBOZEAEHAFAGITICE L E 527200 ST DA (Dagg, 1970) . ZDfER &
TR > TS, 722 L. ZOXATHIRITEMEICW S % < OB Z [FIRFICREER L2 b
DOTHY . TR CRIIEIICEEEL 52 DHEELBBEIN TRV, H2, BEEL
TR DEITH O | FRICEEE DL 2 2R TIT R o 7270, [IRDOZE(LDFIH

LI R 5.2 Qigino I REMEDY S 5, — . BAEDF Y v ORAICET 2% T
I, IR T TIEAADF Y U Z = R OBEIC RO S m T EHRN A b b &
&hd (Caister et al., 2003), ITHFEOTUEETZ LV, KR EAPMREILTBY (K
4%, 2015; ICPP, 2021). HADEIZX Y e > THELWERETH 5 AlRettiZ +49%5 2
biILd, 07D, KJURCEZ ZOTHELITV, XU o OJFEIE & OB E A 55T
T HMEENRE Z b,

KETOMPEREZ, FV L OWMAET Y v F AL FOEFEIZIBWT, BUT 3 DDR
WASHRR SNz, 1 OZRIBETE (THD ¥V v oE#toMETH s, WFoF
U b ZITIREREINL . LT ABATEDEINT /R & o7, ZOITEIOERIT
JEIDOKIRMLEE & ORBENELH 2 DA 5, 2 O0H1E, RENKOZE(TH D, FH
ZB L., FEOBAZEZ, RENPORETHORBIIFFETH-ICHEOLT, Ak

ITENIRFICATHIN L 72, DE VI3, SRENFICEMPEC TS AIEENE L LN D,
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INEFMICHERERT OILENREZOND, 32T, BEEEITEOE{LTH D, K
BECTIHEUNDOE IOV THBARDEREE L TELOTLE2720, KRS DO
SORFMEZHERTHINEND D EEZ DN, HESENLESETIZ, b0

BLAIC OV CRIRICTREZ Y . ATEMBE 21T > 72,
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F2F IRIRERBOEN XY o OIEEMEC G 2 5 HE

2.1 ##

il

INETICR Y COLERREEAWET H7-0I0, BREOBMNEIC X 0 S5l E
MESNT&T, XV AXT 7 VDO AR FICERT HHARROKBEY TH 5
(Dagg, 2014), L7=n-> T, ¥V OEEREICKITAREE=VY v F A M, #5
DOEOEE) L KB ZET L IZFHE SN TEBY | WEZR OPATE ORISR RH 5 &
#Zz2 5 TW5 (Baxter and Plowman, 2001; Fernandez et al., 2008; Orban et al.,
2016; Monson et al., 2018), L22L, ¥ U BT 7V IHKTHL E W FFEESBE LT
fER, fE FOWRE &JEAREIZIIS £V IERENLDATE LT, IFEEICREL 5 2 7
WETHEDbR T (Dagg, 1978), LM LARRGL, XU VIKBEIH THLI-0, U
¥ (Bos taurus) LRILE DI, BIDEOOIEINEEL 5 X DA RERH D, KABIZ
KDERDTD, U TIEKIR S BED LA XY | IR 70 L ECTWILZR L DfE
HPEMET 95 &L ST d (West, 2003), BADF U BT 5 61THIPETIE, MES
RIRE 1 HOWERFICAOHBEN® 5 Z L 3HE ST\ % (Leuthold and Leuthold,
1978), S HITIETHEDOBAEDF Y AT 2 WA TIE. DE7ZT TRIEEDOF Y b8
DTHRUZIAARICBEIL, IRET D52 E0HEIN TS (Saito and Idani,
2020), —F4. FEHKBEITRWFHERH LT Tho>Th, KR EIREME T L, THI
2550 &2 FlE % & ShERDREYWIEIZ 64 D MEERN LH-95 L S b (Nabenishi and
Yamazaki, 2017), F7-, FFRIZF Y SICBWTEIAKRDOAERRE E e b 7-00, &S
BRBE N CIT R PEATEI DR BB EH-3 2 viett b s ST\ 5 (Siciliano-Martina
and Martina, 2018),

B OBALIFEIZ BV T, ARDAERREOXBEZAET 5 Z LITEETH D, [F

U KB CATEBRRBE OFRE & L TIEH SN TV IR AR (THD) Oz, 5
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TOLRRZEYETEESNDF Y VO BREZEHT S LT, Foc&IC o nRe:
WD, £ TARETE, HORRERED EAE, FETox ) o OEESEZIET S
5, A @RIREREEPME T 2o T, FHEFOX Y DA b AR (HBAT

) 2NEINT 5. 2RGELT,
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2.2 MEROTE

2.2.1 B

BIZRIIXMEPAR DR N3 BHDOF Y o (280, #E184, £2.1) 2L GE1 =
T L 7oA R IFME AN U, 7oA A8 AIN), £V o, FEMmzEo
F AN A AR EWIMGAET 2REITH E V720 & Ed  (Bercovitch and Berry, 2010;
Carter et al., 2013; Wolf, Ngonga Ngomo, et al., 2018), — T, A AT A ADEELND
BIDDIZAZIRAN=ANRHR SN TEY . £727 70 FTORETT TIHN 1 4%

i S, BEOBMRMEIZ T TIZZE L T\, ZD7®, 20 3 FHORAER D BIEREE I F R

i

L

ITETEENEIC B A 5 2 D TREMEI IRV & B 2 b7z, ¥V 1L 9:00 7° 5 16:00 £ TR
MR Sav, RIEITEM & ICINE S vz,

ST, BIANRE S LTz, BIEMRTICE X OBl 8 ftH (74
V. =RTHAVT BT TRV, YYEE, NURRIET, TVX Zelkova
serrata, T/ % Celtis sinentis) TH V., ZOHNEL7< &Y 3FENG 2 bz
I, IREEEDLEREIZL D), BAHO7 2 A1 I EHTHEREL, HEShiz 8 »
AT EGETEEE: K 2.1), BARREEOMIZ, L—H s (HBERR), ~f Fa—7
(TA7 777 HRERER) N5 5T\, BEobcld, v—Y Ui, ~A
¥a2—7, 2Ly (Mazuri® Wild Herbivore Diet Hi-Fiber) 23[R AE Tt SN 5
2, WHNCV—P VRN ESRLS SND 2 Eidhnolz, KiZTZ T Uy ROk UK
NI EHBICHT Z LN TE e, BETEMRAZ v 7 14 EFH) BT, FU &
DATENZ A B 2 IR VWIREE (=7 + — LS O IREETIRBLIER I BV TR E 2 1ER b
LITBRT2ITENIIA NN -T) TITo7o, BlEIE., A~— 7 4+ U HITEMBIL
7 7V ISBOApp (Ogura, 2013 : f57& L/-FrRIEIME C, BEEMER L2 U X M-S
W, B OITE) - EIRL - 5T - ATEI DR EETLET D2 ENTELT 7 r—v s

V) ZMWT, SKEEERE TTThbil,
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# 2.1 BIEEE O

Z AR kEH
F1 334 2001/3/24 2005/10/25
F2 Aq 2013/5/18 2014/11/10
M A4J% 2017/4/6  2018/6/26

2.1 FfHRIADOEH

2.2.2 BIZFIE

AREIZHBT HBIEMIEIL 2019 4 5 A 8 HA» D 2020 4 2 A 19 HE Lz, Bl
i, EAH 6 A~9H) LTl (9A~2A) o 2Micnid (F2.2), ¥V 133
HEOPEEEo%, EAHIEH 3~6 B, TERENIA 2~6 A, A7F22 A/, BlIE%21T
o7, WO HCHEORIGEHIIA TN EL 5 X D RIENH D720, K& T—4 v
K26 IEERAN LTz,

9:00-11:00, 11:10-13:10, 13:30-15:30 IZBIZEEAT o7z, RS NIATEI 2R 2.3 (TR
T ATEOERIL. FEEOEBIMM ORI TN 3 H O FE#ls ok RICE ST
5. ¥7-. THI OFBAZFMT 272012, 1T8Z2 NEE)) & [BEE#)) KBz, 3RE
TN OV TCIE, ERUZEORE BIA, L—V i, ~f Fa—7 FEHEE) b
Rogk L7o, fEEGBEES (BEHE) 7V 7% 1 5RIRCITo 7o, #aHEITIZIZ, 1 BY4 7

D DRSS A T, ARATENT. TREIEE TRk S AL AT O 2 ERD 21 TE)
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L. BEDOARREEZN T D RLY) [TEIZXRIC 1-0 7 ) 7 Titekx{T-
T2 2B, AWZETIEZNETOHRO APATENCEI T 24178 (Sato et al., 1991; Seo et

al., 1998; Ishiwata et al., 2006) Tix, T#VIK L] FDODITETIEAR L, BODITE A K
WCEBLTWDID, AIFETIE, B TRV LDOETRD D &V ) HLE 1RO 51T

gl LCRsk LT,

K22BIEH, BIARET U v F A N OHEEOFEM

HAME EFRER T 47

THI 60<THI<80 80<THI 60<THI<80 THI<60
Bt B 2019/5/8 2019/ 7/28 2019/9/19 2019/11/30
®ra 2019/ 7/13 2019/ 9/12 2019/11/16 2020/ 2/19
H\EAHK 11 11 11 11
HREEM AR DIEEHERE (1/0)  18.8447.81  18.1247.84  23.97+8.53 21.07+7.12
THI + SD 74.66+4.96 83474296 70.1247.21 55.31+3.85
** P < 0.01

#£ 23 1THHOESR

178 EE
V-2
BEARMEHFITE
®E BEETHTIC BH(BAR L—HUBEE AMFa—TJ, TBHES) ZERL. &AL,
7' AHNERDHS. HLLEZEFEDTENEERS,
%E BEEPORFFEEH HTELITET,
#HETH HERKICEEEE DT 5HLULEVERS, RvF T BR, TIL—AVEE,
OfEfTE)
DB ETEHTHVELEDOME. B, B, BRLOZHDH S,
AMLY AOBRLGEARMEHKENLD,
Z 01t LEICHEVZ DD ITE,
E/5-7
B AR IFES
%) BEEETIC. REBABTHOHERL., AIE. BTET5,
®KE Oz 0EsEE 31, Bt Li-kEe, @E Al FHEEMI,

2.2.3 IRIBEfR R DO FoEk
AL ClIE, KIROEE & L CREEfREE (LI, THD) 28 L7, ZNETOFRE

te G2 LEERNFTHL I L

T

BT AR I8V T, THIIZH 2 OFER /87 — |2/

PWRENTWD, ZOHEETXL EH E Thom (1959) (ZX - TR S, Berry 5
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(1964) IZX-oTUUISHESNTZbDTH D, VI OLIFIOMNFETIE, THI > 70 (3#4
ARV ALEEL, WHTOHATOHARZEDSEDL ZENHLNLR>TND (West,
2003), KEBW THLX Y U bIAKIC, m THI TR b U AOREE ST 5 a[ReED
BEZoND, oI, AT EICWEE S D & SN THDR, BEMEOHFIIHARE
B HREMBERE (THI<50) (295< ., HIWFEN A3 (Nabenishi and Yamazaki,
2017), AWFFETITRRER A K5 & LW e7ow, ShBRO B UEITE Y TR W AT E S & 5
B, XYV COERMERSE 2 5L, RERCHEIDVTENCEE L 5 2 DRt +9% 2
bd, [FERIZ, ZHHDOFEHFITEAT 2WMEIL. HETENIE RS OO, R URAEY
DI bHEELZ 25 5F ) CORBEREEHOSZ|ITTE 2 LW LT,

THI (X Thom(1959) D FiEZ HAWT, LFOET MLV EH LT,

THI = (0.8 x AT + (RH / 100) x (AT - 14.4)) + 46.4

Z 2T AT IFEPHIRE ((C). RHIZHXHEE (%) ThD,

B OIRLE LR 25 E T ) T O HRICE N7 22 VIRIEEEE (HC-520,
Shenzhen Huaye E-Commerce Co, H[E) & MW THIE L7z, WRE LIREIX, 2 R odl
FRIRFI] O L ACBAAATE 30 3 & 90 ZpICRiEk L7, 4 HO THIME (6 7)) ¥ L, *
U DITENR B & Hi LT,

BT A 2 E TOMNFZETIE, THI 28 70 & 50 TITEICERRICHEN T D Z &
BoNERo> TS, U UT—MRICIEMED WD (Brody 1956) . B4 TIEx U U IEA
HOEWHIRIZARE LT d (Muller et al, 2018), L2>L. THI 233 U  DiFENIC 2
ZHZDME I MFARHTH D79, Nabenishi & Yamazaki, (2017) DAL & [FIERIC

(1) £9°. &#HE (THI A8, TREHE) (23105 THI LATEF AR OMB 234 L7
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T, (2 vrvoREREI Y 410 LBl &2 EAEZ LI T O 3 K123 )7- : THI < 60,
60 = THI < 80, THI = 80 .
AWFZEIE, ERRNZ AT ESMEGEEESIC L VAR Iz (KCZ-2019-029, LA

SEBIWEAEZEDEEL &),

2.2.4 HEAHEHT

AWM O THI & BIAKENC X 2 BHEZ <~ AR A v h=0 UME, X0 THI HiC
L DITBNOREBE A2 T 4 v a s Y o OF SN FIRE 2 VTR L7z, £z, R
ORI DNT, 3 2R/IRE & N—~ U OFREST VT, RENEDORY &4
L7z, EBIT, AET v v ONENARRREE AV T, THI & ATERBUBEE o B 2 f st
L7co &TOT—ZITFEME L 95%EHIXM TRR Lz, HEaHENTIZF T Statcel2

(OMS Publishing, Saitama, Japan) % A\ T{T-7=,
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2.3 fEHR
XU KRR LT BEEOBREHE I B AT Ao n 2o (EHB :P=0.73, T

Bl P=0.17) (%22). £/, THIIZ FAR#160 = THI < 80 & THI = 80. T
THI < 60 &£ 60 = THI < 80 DXHDMT, AEZENALNT (WTFhh P<
0.01),

THI RS, FHRYICRT 5% U v 0fTE & THI OBEEFRE % 2.4 17T, EFHIT
X, TRTOFY T NEBY) IS8 LT OME L THI S AOHBEERL (P<
0.05). [FEIGEh] 2o LI TEIOME X THI & EOMEZR L (P<0.05), 73T
OEET, RKEATENT THI & EOMBZ R L (X 74/ [F1l& 4 7% [MI: P<0.01, A A
[F2]: P<0.05). ¥RAEATENS THI L ADMBZ R L (R 74 [F11& A1 [F2]: P<0.01,
A 7%[M]: P<0.05), —#OMEETIX THI & 42178 (R 74/[F1]: P<0.01, 4 7%
[M] : P<0.05) &oficAOME%EZR L, £/, X T4 [F1IIIZ THI L \RETH (27
A[F1] : P<0.01) &AOMHBZTRL, HOHEICADHEN AL (P<0.01), 17
FIMITlIEANA Fa—TRELADOHEBEN RGN (P<0.05), 51T, A 7 F[MITARKE
T8 & RATEN CIEOMBZ /R L7z (DE(TE) P <0.05, KA{TE: P<0.01),

THI TR TIZ, BLFO X 9 25 &178 & THI & ORI RO« 2 54 [F1lix
~A Fa—THE (P<0.01) SAOME, FEMEARRE S IEOME (P<0.01), A1
[F2liztiARE s (P<0.01) EADOMHB, HEHEER IO, F2—THALADOHM

(J£I2 P<0.05). « 7 k[MIIfIAERA & EOMB (P<0.05). #ERAELEAOHE (P
<0.01) DAL, SHIZI T A [F1ITik THI & OPETEhE L O 5178 & & O
M23dH b (P<0.05), A4 7F[MITIELTHI & A2 U VATENZIEOFHBANR A Gz (P<

0.05),
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#24 XV OTEPZEEEE SERERER (THD) OfHE

HAr8 ITHHE  (B0< THI) TREHER (THI < 80)

L(ELES Z51[F1] A[F2] 17FM S24[F1] AF2] 1% M

rs P rs P rs P rs P rs P rs P

BB -0.82 <0.01 -054 <0.05 -065 <0.01 -039 008 014 051 0.08 0.72
EE -0.73 <0.01 -012 057 -0.17 0.41 -017 042 030 017 045 044
53 -0.61 <0.01 006 076 008 0.73 0.15 049 062 <001 051 <0.05
BrEL -0.05 072 014 052 02 035 -0.37 0.08 -049 <0.05 -0.80 <0.01
ANFxa—T 026 0.16 -0.01 092 -046 <0.05 -058 <0.01 -045 <0.05 -0.33 0.12
ELEES -0.12 053 -030 016 -0.13 0.52 0.63 <0.01 035 011 047 <0.05

BE 065 <0.01 -072 <0.01 -046 <005 017 044 012 058 026 024
HIT 012 057 -026 022 -014 0.52 044 <0.05 -017 041 008 0.73
#HEITH -0.62 <0.01 -024 023 -046 <0.05 037 010 -025 0.23 -0.17 040
HREITEN 011 059 017 044 052 <005 -046 <005 -0.13 054 013 054
IKHS (1/0) -02 036 -012 059 037 0.08 -0.63 <0.01 -040 0.07 -0.03 0.87
AMLY(1/0) 014 052 025 023 029 0.17 -0.15 0.48 011 061 043 <0.05

Z Dt -0.05 0.81 0.04 086 -0.16 0.43 0.04 0.87 -029 019 -0.27 0.21
JEEEN 0.82 <0.01 053 <0.05 065 <0.01 0.39 0.08 -014 053 -0.07 0.74
ok 2] 039 007 039 007 059 <001 -016 045 0.11 061 -012 056
KE 081 <001 043 <0.05 058 <0.01 0.73 <0.01 -034 011 021 034

rs, AE 72 DB Z L

MR T —YUEE ] InAFa1—T | [TREL I FLFHEORRITHOE &L,

TREARCIEN B  LMIGER I OMADRENEFEND,

AREATHIZ(E, BDDITHREDT A TRORERNTEAZEND,
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THI [l = & TITE & el L7z 2, [} 2.2 1R 3, THI EH-# T THIZ80 1272 %
L. T AR E AAFTHREITHNAREICHD L (R T7A/[F1]1: P<0.01; A 1 [F2], 1
7% [M]: P<0.05) L7z, I ZA[FINHREATENNAEISHM L, BREITEIN A EIZHD
L7z (32 P<0.01), £72, A 7R IMIOREITEINAEICHEM L (P<0.05),

—J7. THI FREHIC THI<60 12722 &, BREY 7Y o 7 CIIABATENC A B2 41T
Roniphpot (K2.2), 74 [FUTE, KRETENHRICED L, SMTITEHNAEIC
L7z (JEi2: P <0.01),

THI EFHOREITEOREOSIHEREX 2.3 17T, FBITEIORA TIE, 274
[FIIZ THIZ80 I272 D &, HE~A Fa—T ORENFEEICV LY BHEORENS
7pofz (BP<0.05, ~ F2—7:P<0.01), A7 FMITIENA F2—7DOHEELN
AEIDRL Y | MEORBEPAEILZ L kol (~"A F=2—7:P<0.05 #H:P<
0.01), AA[F2lTIHREATEIONFICAERRAITIR SR >72 (P=0.53),

THI FREORETHORMZX 2.4 127 T, HEITBONRTIE, £ TOREKDR L
TERA OB THI<60 THEILA R 2ol (WTFhh P<0.01), £/, & TOfE
EOMEORENARICEZL Y (Wt P<0.01), A 7FMIDSADS, F2—TD

BEELAEBEILELS oz (W P<0.01),
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274
[F1] 100%

Dy 2 8 D280 & B

D)o S B Y
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miRKE
R85
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beSosveeeIIe, ~rrTTITTITYTY
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*:t A
I=
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m iz
i FER

= RS
R85
01t
m O fE
e
1T
B iZE
" ER
60 < THI < 80 80 <THI 60 £THI < 80 THI < 60

% :60=THI<80 & B80<THI fa] BLLIJ, 60=THI<80 & THI < 60f5] T
P<0.05

2.2 THI OZALIHE: S TEFHEIS DL

Y TTTYYYYYY
. PSSR R L4

38



15

10

o

e S o T =

-10

-15

15

10

. P S T A S
5 0 o w

[
(=3
(%]

%% :P<0.01
% :P<0.05

ek *%*
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* * I I
i _ e - u
35;{ !xr A7% A A {7‘# 5L A A TH|ISA Ao T4
53 ok [/ *;\4:\:1_7** TE
B 60 = THI < 80 80 = THI
X 2.3 THI EHEOBEEITEIORN
% P <0.01
*
*
: I I | ‘W
K Ad A 354 AA «rﬁ# 354 A AT+ 31 I
* * A */\41‘_1*-? T
*
* *
*

*

60 = THI < 80 ®ETHI < 60

2.4 THI TEHOREITE O fFIA
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107U 7k s, nETE0Z 2K 2.5 (@O 21THE) &4 2.6 (KL OAT
) (29, THI ER#NCIE, 2 ToOEEKCHETEICABERZ(LITR b h oz, —
Ji T, THI FRHITIE, 2 74 [FUB LA A [F2lT, K DITEIOMES, THI < 60
2725, ARICEM Lz, KM U 0ITENEA 7F[M]IT, THI < 6012725 &, AR

BT HfRk Lo (K2.6),

mISA[F1] = AA[F2] mA7F[M] * % :P<0.05
0.3
025
17
B 02
#
%05
A
[=]
% 07
0.05
0 “Iﬁef‘” e
60 <THI < 80 80 < THI 60 <THI < 80 THI < 60
5HA T BFHEA
B 2.5 #ke HITENOFEBUHE DZAL
m3I5A[F1] mAS[F2] mATF[M] % P <0.05
0.3
0.25
*
7
ﬂ 0.2
%
kS 0.15
=
~ 01
%

60=THI< 80 80 <THI 60=THI< 80 THI< 60

E5HER T EEEA

X 2.6 A5 C DATENOFEBSHE DZEAL
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2.4 BE

¥V OB &Y THI O ERICHEWNED Lz, THI A EFT 58, 254 [FUOBAER
BRA THIMIDOANA F 2 —TREATENEAD L, F2TXTOMEKT HEH) (2oL
TATEND DT DICH -7 (K 2.4), 72 THI N 80 x5 &, BEITEIORD
(2 FA[F1D) . IREATEOHMN (2 T4 [F1]), #&T78HOED (2 T4 [F1, A4
[F2]) . EATEho8m (7 %M BnRoNn- (K2.2), 2F0 ., RE(DIERERHO
ERIE BB TOX ) COIFEMEZ IR TS L Z LA RENT, BEOX Y OBREITH)
2B HiE DL (Leuthold and Leuthold, 1978) Tid, &R & MED 1 H OER AR IC
BOMBEBRR®H S L SN TEBY, FHUTho TRk L ooz, L LEE F T, KUk
D ESHEIRTFRY UNEFE AR T I L Z LidlE SN2 &3, FHCHARDZWZE
BTk, MO0 TRURETH L Z EARENT, TFEOHEDF ) L OBEETIE,
BR, AERRT DT H HIZ I A U AT E) U CTEALCNAAL COREZITO 2 ERdlE ST
VW% (Saito and Idani, 2020), L7=235C, R AAROZFNWFEHCI, T4 & FRIAE
AREZR R A R T D MENZZ b7, 612, RIUKEE ThHL Vv Zxig s Lo
SATHRZE TIL, Kk - RV F—RBE 5252 & T, HEROBDIAELZMZ L2 &
THEAR N L ADFBE D S5 T 5 (Gonzalez-Rivas et al., 2018), ¥V v T i
Me - mT R EE A W EE P TFEORF ZMRETT 0 2 &8 % U o OEE
DXRIZAED NS LV, KETIX, U a5 e LT 2 53512 THI ORfE%
80 & L7=ld, WPt (3% 2.4, K22, K23) TH 1EK (21[F2]) <k THI
DZEACIZ X DREBTENIEIT R SN o T, IR X > TREIZRZR D /RetErdH 57
W, OLRLMEDLETH D,

—J7. 1tk (2 F4[F1]) <. THI 5D HITENCITABERAOHBEN LN (&
2.4), 52, THIN 60 LATIZ25 L, —HOME (2T /[F1], AA[F2]) TIEHEKD 2

ITBYOBENEIM L7 (K 2.5), DF V., KHQRBERENME T 2120 T, MEF
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DF VDA AR (OFETE) NEMLZ, B X6l OO H1TEIOHEM
1T, (RIRBREE T CHERO DITEIAEMNT 5 L) ZHE TOHE (Siciliano-Martina and
Martina, 2018) L HAEVERH o7, KE~DOIRENR XY DR N L ZAHKD H1TENNCH-
B REBIIAWTH LM, fE FTAFIEL LX) » OFIRET R CIEiE o
FEMEDPHER S, TRLF—ARPEREEZ LI TS (Potter and Clauss, 2005),
LMo T, BRRRETORBILN Y v OEFBREIC RS 5.2 2 fEtEnH 0, Y
Y DUE OREEEZHERFT 2 720121, SN D OIS 1 ) — &0, A e A
B, %5 20T R EORBERET 2D ORENEECTHDL LEbNLD, Vv
XL LT JeATEClE. BOBDK DIRE 28392 2 & CEBRD L5325 2 L 3
I TWD (Golher et al, 2015), L22L7223 6, Z OZGIZITEIE A CTOE LR L
B2 TWH et bZ 2 67, VU o AETEcET 2 ETETIE, ~A Fa—T
72 £ @ Physically unstructured feeds C(KifE23/h& <. WERAYICHEIE(L S 0T 7R
B OREEEIG OWEINL, B 2ITBZ NS T2 LB 2 5T % (Hummel et al,
2006), %4450 2T, FHEHIC THI & ~A % = — 7 O RIZA OB HER
STz, ZOMBEITEZE S S SRLMBEO RSB X2 Hil, LW TOBARDELENREAT
FER A F 2 — T ORBEENEIMUTZWRBEREZ b, ZOBEHHET D720
WE Tl B L O TEORBE A2 &S 2,
FEITEICIRD DITEN AR IC L TH O NI BZ 2 T EAIIREMER TH Y | b
BTN EI T D TR OB OWTOIFRERLETH D, Ll AU THER L
7= THI OZAkiE, U > OIEBIMEICEEEZ 52 T D ATREIEDR SV, ABFIE TS D L7z A

BIE, A%OF Y OWALIET 2 EICBNTEBINLRE LD TH D,
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HO3E mBIBORIENRT Y O OPATENC S 2 5 8

3.1 %

il

YRV SRRMER B L TER T D720 DBEE R Th b, £DIw, flF R
ILREH DR E ED D I2D DERRBRTFENRRY AN TN D, ZOHiLD—1i L
LT, R OBEWRER ORI FIEL, BENRBLA OARREMNERPEBINTND
(Hancocks, 2001), Z 04 BBREAE R, BB AKOA BRIV S X 5 e @R%)
REHWNE LEZRBARFETHD, 2O XD RARBREMNEROFEBOTDITHE X bV
AL, BICREEZREL, 8O F—"—t— 2R E, BT Y v F AL D
BHRELTOEEH LR LTS (Coe and Dykstra, 2010), 727 L., & £ TZEDOFEH
FIIEEDIRTH Y | EERICEIEAEICRE L O TIERWZ LITEETRETH D,
FEE. BARENOAERREME R TIE, RS IIIFEAR O EITENMER S TW\e b
DO, FEEDHERF TE R RDITHONT, HAHIDONTRYR BRI & [F51272 5 ATREME b
REINTND (FED, 2019), DFEV . ZHLDORBLENED 72D ORISR 72720
fili 0 TIXRL AET 2B ENMEAEZFITT 5 2 LT FASROITEI ZMEFF L, £ LT
N EEAED [ EIC W NC T T DO ERET OV ERNH D, £ T, ZOHIE
IRBBOFAERF Y O APATEIORBUZ 52 2 EBICHO W TG LTz, U r~D
BIARKGENT, 72V hEWEAKEREH SO X U v OfiE~ =27/ (Burgess, 2004) &
3 —u v "EHYEIKEERS (EAZA Giraffe EEP, 2006) 238173 2 WfdE~ == 7 /UIZ
FH SN TWAIBRETZ Y v F AL NT, OBATE 2 SE 2 LEH SN THDHDT
Hb, FRRCEEMES ZEZRETHRAET VY v F AL FORY AL, F U OB TH
WO SELRN D E STV D (Fernandez at al, 2008), DF VD, 7= A7p L
THIARE S ZRE LTOREET, U U ELZHWTHREBIBIOELRET L2 &1E, £ &

DABATENC B A G2 DR H 5, LirL, 7AUBITBITL2F ) v OfMERE .
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fiEt LT2 S TSEIC WV L S BB O EITE R SavTuviely (Bashaw et al. 2001), —
F. 2B TIE, KIROK TR OPATENCEEEZ 5 2 5 TRt &5 2 b7 (Siciliano-

Martina and Martina, 2018), = ZC, Z®O#H 3T TIL, HUOSIEZEE L 7= #k T
A ZATV, ARG F U NS KD BB OREITEI ORI, KU O RETEI OB A

BEMESE S, ZRGEE LTz,
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3.2 ME XUk

3.2.1 B

BEIITMBEREROZRW DX Y o (M 258, KE15H, £ 3.1) AL, BI%S
TR L OGEESME GREIB AR b ETe) IIE 2| LA TH B, KiZZ T Uy ROMKR O

KA B BHRIZERT Z E N TE T,

3.2.2 Bl

BESGNIZIE, BOREE]IC, 7YX 3R, VI WV 1EARDD, £z, kKEEFETY
T, THFR=V2RET YR IR T, BRGOTYXOEL, OEENTN
Z 60cm & 40cm, FEIBENEN 7.5m & 4.5m ThoD, KEKRIEES 4.5m Ot CH
FNTWD (K3.1), RKEFHEDOTTXLT =L OHET, BOEENRZNEN
50cm & 50cm, S BAEINLEI 6m & 4.5m Thotz, KEHEEE & HESIXE S 3m O
Tz UATHE LN TV, ZhbofiRz TRl CERLE, B, ZhboREl
BHE, 7= ADREIR T = 20 EENGE Tl fifHORETHIITREDN R TH D
LOERESNIZHDOTH Y | FAKDRETHZRT/ZODOTRET Y v F A F2E
HIHEMbEATWE, A0, 7YX E7 3=V I3KERTHY, EOFERXY LD

FRITENC B L2 52 2 a[REMENH D720 (Razal et al.,, 2017)., 2 SO (KEERT, %
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31 7w ABLLIC BRI AR5 ) o

3.2.2 BIZFIH

BIEMIT 2019 £ 5 A 8 H22BH 7T H 13 H, 9 H 19 H2v5 2020 4F 11 A 29

L LT, ZoOBIZMIMIL, BB ORMEND, TNENEENERENMERE L, £V
V13 3 MO TRBER 0%, FEITH 3~6 B, %HEMIIA 2~6 A, Ait 12 BT oD
BT o7, MO HLHEDOIEE HIIATEVEMIZ L 52 2 /RN H 5720, Fofkiy
T =2y MbITRS Lz, £ TOBIZRIZMERA Th o7z,

9:00-11:00, 11:10-13:10, 13:30-15:30 (2B &2 T o7, TREATEI & R&WHE % 1 53]
FROBREY 7Y 7 CRidk L. BIROEREITE), B GBI £ 72136 E8HA) . Al
T8 Z 1 MO 1-0 o 7Y 7 TRtk Lo, ZA00 OfTENIERE TRAET 2720
L0 RIS OBEZFTERT B2 012 10 7V 7 &ALz, HEH#iricix, 18
M7 OFFBIEE W, TIRBIEZEE 2, FAOMZERD 2178 & . BRE DA

Wazntsd (RNPLY) TEIO 2 A NETEHONREST 52 &Lz, VIV FA
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21T, ¥~ U~ O BRI AROBRHARE SN TEY . 2z e U 5478
NEEINE (K3.2),
B TIE, 52 3E L FRRICIEREORIE 21TV, THI #%H L=, THI oRH 5%

TE2HEFRTH D,

TH0 B

#‘\-“:‘-‘. | =
L3

X 3.2 AKNUCVITENZITHFV

3.2.4 HEHEHT

FHM O THI Ol A~ kA v h=0 U RE, s X O OR81TE. O
PEATEYOREBEE, B> 7Y 7 O X HREBITBIOEE v 4 V2 Y v O ESHIE
MFREZHWCIM Lz, £72, AT~ OIEMABESREZ AT, Bl L7 2 #iH
70 U7z Bl O R EATEN O R BIENS & D TE O FBIEI S & OB Z MG Lz, 2T
DT —Z I HIE L 95%FHEXM THRR Lz, MEHAEHTIZ9 T Statcel2 (OMS

Publishing, Saitama, Japan) % fAWCTiT-7=,
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3.3 R

Bl L7z 2 Wi o THI OSFEECAH B 2R bR o 1o (FEERT74.6614.75, T54E
#:70.11+6.90, P=0.09), AWK OEARZ & DT8R BEI S 2% 3.1 17, FafE L7
EORRITHC O A ERZITIA N2 o7z (LT A[F11: P=0.86, A1 [F2]: P=0.38,
A 7%MlP=0.64), LU, sl ORETENT 2 HIFICB W TR THERZEN LS
o, BRI L (2B P<0.01), —JTHET > 7Y 72810 DR EBITEIO %
BUCITRBAEETIR O h»72 (T A[F1:P=0.54, A A[F2]: P=047, 1 7%
[M]: P=0.06), SREITEIONRTIE, I 74 [F1ITIE, FERICHRETE ORBITEINE R
2D L, BB, ~A Fa— T OREBITHNAFEISEMLE (W Fiud P<0.05), AA
[F2l ClIA F =2 —7 ORBITHNA RSN L, FEHEAORBITEINAEICRD Lz

(N F2—7:P<0.05 FEMA: P<0.01), 1 7% [M|ITIIEREITEIONRIZCEE 2
ZALIZR B2 Do T,

FEATEY O RBUE 1L 7 1 [F1 & A 7 X IMICHEZREN R bR (R 7 A[F11:P<
0.01, A 7 [M]: P<0.05), Wik& LT, B 2TE TIWTHOMR S AERETR
biviemoic (R 74 [F1:P=0.11, A A [F2]: P=0.70, 1 7%[M]: P=0.52), ALY
TENEI FAF1 & A 77X IMITHEREN AL (T P<0.01), s@litofa
1T8E) & AEATEI DR BTG OBRIELZ T~ D &, S8 O EITE LR H1TENICH B
FIBBRITRFA TR LN -T2 (R T4 [F1]: rs =-0.23, P=0.25, A1 [F2]: rs = 0.28,
P=0.17, 4 7%[Ml: rs =0.001,P=0.99), )5, mBIBOREITE & AN L D ATENIC
X, I 7A[F1& 1 7R MITADHBERMENRO bz (271 [F1]:rs =-0.50, P <

0.05, A1 [F2]:rs=0.007, P=0.97, 4 7 %[Ml]: rs =-0.53, P < 0.05),
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# 3.1 FEEOLREITENR L O N EITEI O EEREIS

SRR EER
3SolF1]
RE 37.38+548 36.39+9.17
(53 32.04+6.48 2507+755*
=& 2144+763  9.60+572*
HREEAX 17.73+7.12 25.30+6.88 *
HE 269+344 516+281*
AMFa—T 127%222 414%+210*
TEELE 1.02+079 201156
m]:es
iKHD 449+202 650+3.28
AHLY 757+430 15.76+8.35*
X1IF2]
RE 35.34+6.28 34.23+9.82
% 2740+565 24.00+9.97
=& 1657731  7.13+477*
IRERRR 21.25+8.28 2537+10.44
BE 1.97+213  3.18+2.86
AMFxa—T 220+171  484+229*
TEELE 377170 222+180*
e
iKHD 428+202 387=%+1.70
AHLY 7.62+410 10.00+5.76
17F(M]
RE 35.34+6.28 34.23+9.82
% 2740+565 24.00+9.97
=& 15.86+554  6.39+4.82 *
153 18.84+8.81 20.19+8.06
HE 197+213  3.18+2.86
AfFa—T 220+171  484+229
TEEE 377+170 222+1.80
e
iKHD 6.62+219  6.20*1.81
AHLY 527+216 10.90+3.08 **

*: P < 0.05 **: P < 0.01
RBICEITA" =88R LU
ARTEIDIEIL1-05> T 12&B1D
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3.4 Bt

2 SOHIE O THI & AR DEDTR B REICAIT R SR o7, Lo, sl ofRa
ITENE 9 HUURERA U, BWENTEL TV DRt E 2 b, B 5178 Tldmsimst
DEEATENDOWA N E S TATE O, & L IIFHEBARRITFEO bnignoTc, DF Y,
SR ERET L2 LICL D EEZ MW ITENOI BT, ABILE TITEKO 21TEIORBLIE
Ba G2 TOZRWATREMEDNE 2 b iLTc, AAFFRIZI W TH D DATENC 2N 7R 0 o T2 ZE K
LT, RS AEEE L2 B FEFEINRERD 21TENZREE T, —ETHIEROTHEIT
FLER AT Z ENERIZR > TV D AEEMER H D, BHAEDOF U T, REXDOITHEIC
W70 & OMPFET 558 1CI1TERO 21T HELT Stk H 5 (Innis, 1958), 7272
L. ZOHD DITENCHOWTIRBHIF AR ONTE Y | 15 0OEIEOWRA SER & 72
STWDHAMRMENREZ b D, FlxX, U AT U RZDMOEREYOE %
# %, Osteophasia & ML HBREZITH Z WML TWD, HEFE LTE, QlkE
DR, BOBKERTHL Y VROV T LANRREZTHDEZZ B, BREH
EHBEDORBPMET T HA4FIIHLELL D LI T5 (Langman, 1978), L7
L. FERIQIEHE B2 LERREICB W TERSITIZIEHEE ST (Bredin et al,
2008) . ‘HEHEOHAEIZH SN > TRV, 20O R T OBERAIE L WO T
b5 TR, Thx BRI ZEKO TV D AT S TREIX TE RV, 51 H 722 5805
BEPRVETH D,

—J7. EOWIHEITH, 2 T A [F1l & A A [F2ATIHHEERAA F 2 — T ORBEHORE
ITEIHEIN L, ZN 0D REBBOREZM > TWDAEEMENRZ 2 bivlc, T OZ RILE 2
BETO, FENEOZEICR IR TH L EEZOND, — 5T, A4 7 X [MITIHUEE
DEBITENE TR DN o 7oy, AU VATEIEINT HAE R & 720 . R 71 [F1]
W [EEEDEMA R S 7c, 20 2FHOARD) U O ATENI @B O E1TE) & A OMHBIER

ZR LTV, U= TR U VATEIDHEB ORIRIC L VAT L2 LAmbTVD
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(Normando et al, 2011), £ DZER & FRRDOELTH o IZ RN E R bz, Ll
NH, AKF U IR EICRH L LB T o 5 (Dagg, 2014), 72, ¥ U 2L -T
BIARIX, IEFITHATRESNDRIFEOBWEECTH D | BiA L L KREITHE AL O
fAkE (HzH7R L) 252 ThH, BIAROEEEIIZE T, TONHER ERFOHORE
BN T D ZERH B0 L 75T D (Gussek et al., 2018; Hatt et al., 2005), % DR
EWEZ DL RBIETORNE VATENT, FV 2 & o THFIZRBRAITE Ch 2 whHetk
Bod, LrL, XREVMTIIRWARORMEEZAC D Z &iT, BEHENOTNITZIE
TRETHTHY , AROETHOBARORE 2R T WL EB MG 52 ENEEL
WV, BRCEEINC RN T, BIZEORANBAD T L AREERH L O ThiuE, Thi L
TEEMEER G LIFRRET VU v F AV FOFEBPLE L NWEE X OND, U EEEE
A ARG - F U K D RBB OREBITRIORD A, F U O AETE ORI AN S

L ENER ST,
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FAE XU UORET Y vF AL MBI D IEEETL OE AR

4.1 &S

BREET ) v F A FORBIE, 2 TH 2D, Mellen & MacPhee (2001) (3, BREE~
YU F A ROHEIZOWT, UFD 552 Cn5  (DEMWEDESR, (2)iY)
IRBOMEEZ XD BIHDORE), QVEMERR A N L ADJRRORE & FrEB L OVEER F L
ZNTKIT & DRI OMESS, (O)IF 22ATB) O L AR OO 7 TBIOF B, (B)EH
TTAEENTFEROTFA~OFEN, Tz T, Alligood & Leighty (2015) %, i
EOBRET ) v F A ML LMZEEZHEL, LTO 8 SO AENRET LTS &
L7z OEFRATEIORA . @TEEIED RN, GFEAKOITEIOHN, (OTREATE D HIN
B L ORI HEF O, G)EEBEMEDOHM, O TEI ORI LSRRI, (Tl
AR EAEFR OB, (8)BHH D Kk 2h,

IR LT L 212, BEOF Y o OmAtZ FZERT 57Ok A R LRPIN TN D
(Fernandez at al, 2008 ; Monson at al, 2018), —J, #AEDF U ANIEIT I TR
BT DA ZEA L, (Lamprey, 1963; Ciofolo and Pendu, 2002; Parker and Bernard,
2005), & BITIFBIE/N S W RO EICHEIST S (Berry, 1973; Dagg, 2014) FF
BT T W= EZ LR TS, ZORICBWT, ZhE TR REOFRIZ O
TIFER SN TI R oTc, BIARDIREHCET 28]F FO ZhE TONIRTIE, FEHOE
BIZE D | KIZEDRWBIARZREND X OB 52— T, BRETEORIEIGITE
LRI EDRENTVS (Razal at al, 2017), Z OEATAHFETORERIL, F 1 ETOH
RITHST2bDTHY | FICEOHET 2L TD, XV U OFEAROITE 223 HEZR
LR THD, 2FEV. BELSNDARDOES VIR 13F% Y OB v F AL
MZORDBDAREMEDN D D05, ZDOAIMELZH G0N T 572D DO E R RFHEITI T T

l/\fofl/\o
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BT, F U VOBLEICOWTIE, BAETOXY U THEEOMREDRH D, 1 DI
REE IR = BT AEAICH D & DMENH D (Furstenburg and Van Hoven,
1994), — 5T, XU EEREKRDEENT LT OBIECEEE 525 & OfE R
bdH % (Sauer, 1983), 72721, T 6 DMEHIEZ OV TIIW T HREEEICET /R T
B, BEICET BT SEVFHESNTORY, 612, HAROEMRETHEZ b
TWDBIARIZENENOHIL TAF LT W EONRETHY, ¥ 2B TDH, £hbHH
ARAEAHI AR DR B~ DIEAFNE DA D AFAET D D NI 5 2T,

Z T TAME T, BEOELS R2A4WTHB T 5% ) o OFEAROITEIOFHL A HHYIC
RRETU v F AL MIBT DHELSOREICEREL LT, LLTO 3 SORFMARE L
7z (DF U AT K DEDIEZEy ORED, FAKOREITE & L TEREL TV, @F
U IR Z LATH BT DB AR B D, (3) BAMENTET D & T iUT. BIE DR

BOBEBNNEREITEIORREIHEL 52 5,
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4.2 MEROTTE
4.2.1 ®LEAEE R

I RTEFI LT L=y U RRGRERINTEY, FAMIT7 =2 (5
& 3m) LOKEFBEHIC Lo THENA TV (K 2.1), HEEMEARE K OERGEMFIEE 3 &
LRBETH D, Fio, BEARKRMFIIBATGEIMZ T, A—F Ui (HHRER) LAg
Fa—7 (TAT7A77: HIRRE) BEEX 0N T, 2D O LRI SR
X, WEN @I N L E— v USRIl Lo TRAESND 2 &iden o7z, Kidith & &K

KO AT 935 BHIZHOKDFRETH > 72,

4.2.2 BIAAGET

BIAAREE ORI 3L R TH o7z, BIARIZIT 8 OB Z V72 (R 4.1), F
U v OB DML A TS 720, FANZ 34 DEEENG, FV U0 BRI
BIFEOB R 2z 57, MEWY 217072 (£ 4.1), BARTHGEHANICEEZNEL, FV
B AR AT OB L SR LRWBITEO AT EEICR Y BSHARAWE DI L, £
7o, mHADR &b 3FHDOBIARZ FIRFICHaEE L7z,

# 4.1 WHEEEARICETLIEHEEDOT v — MER

ngg? EE 1k B OB
TQZ:FZUS myrsinifolia) ik EL
:g:i:us yedoensis) EER Y
(IC;;FS sinensis) AR {9
:ng;i:rfjcidum) R Y
ée‘::ona serrata) e ;L
(TJIernE; panvifolia) AR Y
(T?—géjijai);udoacacia) S Y
YYEE s 5y

(Morella rubra)
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4.2.3 BIEFiE

BN, B ORREN S | FREEW (201945 H 8 H~8 A 16 A) L ¥%%EH (10
A 22 H~202042 A 19 H) ® 2 ]I 7z, HEEMIT, RBBO 5 b IEER O BN
O L ER L. BRI, BEBOESEOEIEE LM & Lic, BT, &
A 3~6 HFEMm L, &WH & I 17 A & e o7o, BIEERERHIZ, 9:00~11:00, 11:10~
13:10, 13:30~15:30 & L7z, BIEZEOHBENIZWDLTXTOX Y COfTEZ 58T 57
. 1 AN CESE BRI L A EEREYY 7Y SR AW, RBFE TR, U oM
RIZBEADLBHEEITENCERE Y Tlelod, EREHSATEIIRE BEOEBIE HE : fEE ;
BIA L TREfA, EER ; V—HP TR A~ Fa—7) L (FNEHOHE R

L. WM, WET) T, TOMOITENITRT "other" & LT, B> 7V 7 CicgkL
Too FTo. BHOME CGRBUSHEZITAREIEBIAR) . SR, KO &, /ML 8D &1

SO 1-0 7Y TR LTz, b, U COREENIZOWTIZLL T O 3 FlE
2T TRk E T o7« OEORE « HEES/ MUK EZ ST TEET 5, QMO

B NEEZAOCTOMERET S, OBEORE  thz HVTEARDER 28] > THRET

5 (B, AR TIIOE Z# VIR L TTE 2 RImOBIR DR Z /ML L),

4.2.4 HEat

T RTOREHRITIIEE Z L 12AT o 72, ATERBEIEG L BAROERHEE I Vs Y
¥ DFFSASNARLFRE 2 FIV Tt Lz, B0 7T — 21355 & LA BRI

T, 3EILUEIER SN2 HEE TSR L, SEiZ =k T he 7, 277, 7
By, BWERZ=T T, TH=L, YvEE, PURXAIEF, =/ F, ¥THV
DT =B EnH Uiz, 7o, METOHMAOESZH—LThH, 52 2EOEEZH—T D
ZEIERETHD, DI, F I AR DB OB R EES WAL TSI h Tz

D, AHTE 1 B ST OB ORBITEIORIIL 2 MG LICABTED 1 HE720 O
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ITENOMRFEETEID (BLIF, BERE LT 2), Hlkx1To7, 7o, #ilE kg &
D ERIEEXRY COREBITEIZS ST ERRD 720, SEFEOREITEI ORI HEL
AR R TCHEID | 1kg M7z ORBATEVRBIA 27 & LTHRIHL, HEkZ{To7, BEER
BN steel-dwass D k% VT Lz, 3 TOHEFHiEHTIE Statcel4 (OMS
Publishing, Saitama, Japan) % W\ CTiTo 72, X TOT — X3 95%FHHX I I TH

L7,
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4.3 HER

I OREORBITEINCIL, A A [FlE2BROTHEREIZR b otz (R T4
[F1]: P=0.54, A1 [F2]: P<0.05, 4 7%[M]: P=0.38, & 4.2), &K<, HFIEMIIX
BOBRENEEICHD LR 7A[F11: P<0.05, A1 [F2]& 1 7F%[M]: P<0.01), &£ TOXx
U THEDORENMAREICHEMLE (2T /[F1]1& A1 [F2]'P<0.01, 4 7F[M]: P <
0.05), ~A Fa—TOHBIEI T AFL & AA[FATHEICHMLEE (T A[F1]& A1
[F2]: P<0.01, 4 7 [M]: P=0.13), FEMAEDREITAA[F2]L A 7 [M]ITHEIZHE
YLiz (R7A4[F1:P=0.11, A1 [F2]& A 7% [M]: P<0.01)

DB OWTEEMICHERT D&, 2TOX Y T, Bl OREBHENEIENICH
B L72(P<0.01, K4.1), £z, IT7A[F1E A 7HIMIT, FESITFGEET D8
KROEDREMENA BT L -72(R 74 [F1: P=0.39, A A [F2]: P<0.01, 17
FM:P=0.12), &5HI2, 2 TA[F1& A A [F2lid, EHEHICRT DT DA D/ MY
DOEFEBE A ERBNA SN2 (2 71 [F1] & A A [F2]: P<0.01, « 7% [M]: P=0.33),
F72. R TA(FUDH, EEMOREET 2 BIAROR B OB EHE (A BB R ol
(X7 4[F1], P<0.01, AA[F2], P=0.92, f 7*[M], P=0.81), WTFhoDO*xV bt FHE
HNZHBT 2 BT E S ORBUCH BB TR oo 7o (B8 X 7 1 [F1]: P = 0.13,
A4 [F2]: P=0.55, 4 7% [M]: P=0.07, £Ofti: X7 A [F1]: P=0.37, A A [F2]: P=

0.26, 1 7% [M]: P=0.87),
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#* 4.2 1TEEIEIGOE

T8 RE BE df T
I51F1]

H=E %) 33.4319.87 36.57+7.98 63.5
(%) 28.83+9.55 21.36+6.07 * 26.5
E2E (%) 2.48+3.12  8.30+6.04 ** 22
AM*xa21—T %) 096+1.99 581+1.90* 33 25
TREEE®%) 1.1141.05 0.63+0.93 32
=& (%) 11.45+5.91  9.25+5.99 39
Z D (%) 58.84+9.50 56.41+9.31 57.5
X1[F2]

H=E %) 35.47+5.71 30.83%7.97 * 335
(%) 27.92+6.46 19.51+7.21 ** 3.0
52E (%) 2.16+1.89  5.60+3.19 ** 14
AMFxa1—T %) 1.93+1.50 6.20+1.52* 33 1
TEEE®%) 3.46+1.68  1.09+1.35 ** 10
k& %) 11.00£6.73 13.6916.79 64
Z D (%) 55.16+10.00 56.77+8.30 46
17 F[M]

H=E %) 36.99+7.72 35.93%7.51 58
(%) 23.53+7.27 14.78+5.91 ** 18
52E (%) 8.46+5.36 14.77+8.22 * 35
ALFxa21—T (%) 3.04+2.63  4.44+1.90 33 445
TREEE®%) 2.25+1.19  0.71+0.58 ** 11
& (%) 7.7443.93  9.6845.52 38
Z D (%) 56.11+7.83 54.8849.57 73

df: BHE. TREHKETET. *:P < 0.05., **: P < 0.01
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25

20

15

10

| =—|
— B

B | =EE BE M 8K

(R) b 5.5

I

SEE BE O BE | S8R #®E M

il

z I

541 A [F2] ATF M]

R TSR SRR A DR RAERT,

X 4.1 VIR RHIE DO LA

WM Z L 2B T 2B BREOB R 2K 4.2 1277, BEMIBWNT, =7
T, B TR LT, VI VIIARBICEEREEMEVEER E o7 (P<0.01), &
HiZ, HEBICBWTIE, =T YT, T¥=L, hUYXRAXIEF, Y~vEE, =/
X, VTNV DONAITHBR BN E ol FHZ=8T AT -Y~FE, =T HTT-
FNYRRXIEF, =T AWV T - )%, =T HT-VIhY, - hUFRAIEF, T
F=L-v TNy, YYEEVINY, PURAIEFT-VIAVRHICHLAEE (P<
0.01) R"Hbhlz, £/, THF=L-FURXRAIEF, 7HF=L-=/F, YvEE-T/
¥, PUXXIET -/ FHICHEZ (P<0.05) BNALNT, MR 1kg Y720 OBRR
ITEVREA 27 %X 4.3 12T, SEMICBWT, =7 v 72l (77, v 7
HV) TR FREIC (P<0.01) WETHORIEN L o7, —FH, BEHTIE=F
TATTIIM 5 LD bARICHEERALE,A L (P<0.01), 7F=LEIxXIEF (P
<0.05), ¥*7H¥ (P<0.01) &LHABIFENAREICE N1, TOMBFEM TIIAE
AIIR SN oT,
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1a
4
#
B
t

250

% 200

=

5
150

A

|

V4

Z_ 100

kg

50 |

%k
* >k
1
*
09 |
0.8
07 +
06
05
0.4
03 |
0.2
01 |
0 1 1 —
=7 2 _x¢)
/’éjljﬂj ,()f) :}’J)“
o
**k: P < 0.01
* :P<0.05
*
*
A -
=) %) X/
/’(J:)]’ﬂ} ’()r) :}’)“
-~
*: P <0.01

2¥FH: P < 0.05

(18U, ZE7h3 e IhsEOESFRE: P < 0.01)

RIEHH
a
b
bc ¢ bc ¢
’ﬁ:ﬁ’ ,),,5(// ’Jfgc »X.'f’g 'S«)’S( = f)ﬂ:}

"YW/ P < 0.01

(Bu. PFZLEFIFLZTEFEOA: P < 0.05)

B 4.3 1kg 47- 0 OWELFHBLA 27 O g
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4.4 H5

WM, 2 TOF Y CHORBMEENED L, CEORBHEEN L L, 27
A [F1l& AA[F2]TliX, ~A Fa—T7OEENHEML, TEEEORENHD L, Zh
HOFEREFERRIC, I T A[F1]1& A A [F2lTlE, FREERIARICIS 1T D /IR e DB B B
W UT=, L7edd> T, JBfTif9E (Razal et al., 2017) THROLMNZ X D12, /IO
SEOHEORANRAFEM Z Mo MR B D, 2F V. (D F U v DOIEFER /S O
B, HARDITEOMRICHFS L TND, 23X LTNDEER LR, BEMITIE.
FARKOITRNORBLO T2 O DAL U vF A | (Fernandez et al, 2008) D FE i)’ &
DHEIIIRDELEZEZOBND,

ZORIBRFHBENEBZZD L. BEAME RN D BFEORRME, BB & T T
TOXV COFEARDITEZ 5 X HTT-OICEHETH L WREMENH D, 2T, BEEA
e d 5 & RREEMITIE Y T O S OB BRI AN Mo 2 FIC MRS BETERT T B A
FEM CRIRBIIZZEN S HER Lol DF V| IELB R I3 L CRIFHENTFE L
TWh, 2R e EEZ N, ZOBEET, BEBORERICEDLT R
. FRC =% T 0 VT ITBEO A IThb b PRI 2 B OB Sz, RRCYE
BB L TiE, OBV ORI CTh o723, #EREN7z 6 O T b @G =
1kg H72 0 DY A 27 150.1148.4 ODEEATEN ORI SN, /o, 7F=1IZ
SONTH YT HURF A I TFITH AR OWARBRE N < Sk SNz, BHRT
— X TIEH DN, B OREFLORFAEIZB O TR AT > 72 12 FEOMFE (h
V3, TFANIX NI T xR AT A TATT . =k
BT, XYFTE) OHb, =T BT (142.0g/kgDM) & =1 (81.0g/kgDM) DL ¥
Y78 (CP) OEHENENWI ERHALNER> TS (Gussek et al, 2016), #AD

XV NZBTDT T OEEBIZET AMETIE, KoGEERECY VR EEEDE
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EPTREEEWNI L5225 L S TEY (Sauer, 1983), Z U /"7 HEEDE I N F
U v OBERE R LT rTREMENE 2 bl

—Ji, WEHMOT ) X R OO T IR EARET 52 LM TH O, B~
OFBAFEPMRNATREME N B 2 DTz, U OB DBAEIC O W TE, =%
SOk AN D D & S TW5  (Furstenburg and Van Hoven, 1994), —75 T, 43
Wz o = NIRRT 22 N B MERNICHT 5 Z L3 b TS (Robbins et al,
1987), D DEFFRR Y AT La @), BFLOSKE TRy & RIFED D D0 1)
IZOW TR HEN SR LETH D,

INOLOMREELDD L, BEREENZ N8 T T &7 F = VITEREITHOH
BN @< . — BB DR\ ) 200 T T TR EATE O FEBUEEE MR 5 R
Llpole, THE LT IEDORBENHK— SN TRV, BREFKBBHEICIESS
ERHTWVDOAEEEDG B DN, BRZRET OB LGET 5 L. REITEHORE
BEEEDENINT 2 FTREER B 2 bivle, DFE V| RGEB) B OB OEW DR EITE) D
REICHELH X TWD, X TOMRLEEZ LN, DFV, F U UNERITFTRL
R R BT DB RIS T 5 2 & T, BIROWMBITHZFRSEL LN T
&, FEAROEREITEZ LV EHBEISEL I ENTELEEZX NS, Wiz 5L
ZORERBEOREIC LY FETOX ) L ORAREORELX KD LN TELHLEEZ
5372 (Mellen and Sevenich Macphee, 2001), X 4.1 (2R L7280 . LAHicBiF 5%V
Y OEFERFIZB VT, BEICRYBEOREITENRBE LSRRI H L, £
DBGEERE LT, AFRITARRmREZRIELIZEZZ 6D, B, SERIOFRITON
T, AR ORI ZIRTIE E 1T > TRV, BIFEOSRER DN T VU v D%
IR 2 D BN, A% ERLSHEDLETH 5,

ORI AT TIL, IFEENL A BT DB A RINNICHEET T 5 2 LT, FAKRD

FBERD RIS X T2 LA TE, AHICHBIT % ) L ORABE R YET 5 2 LA T
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xHEEZONTE, — ., AWNIIEEDANOFENRE Z b, FB1ENLE IETILHE
BALICE DX ) U ~OBEENREEINTWD, TZTHLETIE, BHRECBT HH6HEF

REEOR L HIIZBIZE AT T2,
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5 E EMHIZERT 2 HCEHEK OIS F Y o DITENC B 2 5 R

FU AL REPHBREORNT, HATOIFYE TS X IERBER THEFT I AT
Do INOOHMZENRT D720, BWEOEMNEIT= Y v F XA M T 4 —F—DiH
A (Fernandez et al., 2008) CEEHERSy DN (Monson et al., 2018) 72 &, F U > Dfi
BREZWET D OIA R TRET> TS, XU FTLELT 7 U DIFRECEY
To 25 (Muller et al, 2018), ZD7=, F U AR WEREE CRMMIGFE 52 ik, &£
PEEYICINEE T H S aTREMEDVRIR STV S (Clauss et al, 1999), RAFHIBTOF U o
OFRZBIT 2 JATHIZE ClE, MEIMERk DK (ipoatrophy) 23FER & 720 | (KIE~DIRE

TOBET LM & L THEEN TV (Clauss et al, 1999; Potter and Clauss, 2005;
Yong, 2010), ZOfER, BAEX U OB ICITAIK 16 COEMNBENHEI L TN D

(EAZA Giraffe EEP, 2006), £7-, ¥V i3be b L AL LTW5 (Lamprey,
1963; Ciofolo and Pendu, 2002; Parker and Bernard, 2005), 4272 % & W3R OHEN 72
72D, RHOX Y AAfdE ITE O Rt 2 Z L <72 % (EAZA
Giraffe EEP, 2022), % U > OKMERUTHELEYIKAF L T D EEbTEY

(Dagg, 2014) . KDOFEDIHRITAKSERUZEZ 5.2 D8N H 5,

ZOHRT, XV CRKREZRIET S Z L1, EH T TCOBYE OB FEREOUGEIZ D2
MDAREMED D D, B AT, FBIRERERIZR T 5 U v OHOKIREIZET 2R TIE, K%
5.2 % Z & TRIEA EAT 5 RN R~ ST D (Golher et al., 2015), S HIZ, &k
AKATEY & AKIRIZBIT D98 Tl 7 TN BIR R <MK L BIRAKZ T Z &R E
NTW5 (Wilks et al, 1990; Osborne et al, 2002), KOMi6 1L BEMIC & > CEHE

HED—>THY (Gordon, 1965), BEHLLLFV U HLEETHD EEZHILD, KITX

BEM DO ERZIZBNT, A——k— FOB5lE (Bianca, 1964) . MEEW (pH
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). KEENOREIETE (KB OMAEYN DEREEHERF) (Silanikove, 1992) 72 K
T feE| % £7-9, %7 National Research Council (2001) 1%, /K EHUE & i 8 E
BEOMICIEDORMRER L5 Z L aHE L T\ D, £ L TRRRIIBEEN) DR E LA &
+ (Langhans et al, 1991 ; Burgos et al, 2001) . Rz (THI) 78 67.2 %825 &
KRGEHRESEIM L, FHED EHDTLMARNS LD Z LIRS TS (Arias and
Mader, 2011),

HFAEDOF Y o OMOKIZET HHETIE, REIKZRTER S 2 RE RWERD WD
ETDBIEHER N ®H D (Foster and Dagg, 1972), — 5 T, ¥ U it ekiidy 2 B H4
D2 ETHERKGEMD ZENTEX D0, PKICHNEEZ LTS (Dagg,
2014), I—nu v @R KEERS (EAZA Giraffe EEP, 2006) OfilH ~ == 7 /L TliL,
1RIZTS Yy MZEROLZENTELEEINTWD, o, HLEWETITON -l
Tk, BERE N CRAER 1 EA2S 1 BISHK 45L 0K Z A TS LG ST (Dagg,
2014), ZDOXDWENDH L —FH T, 7T AV VEWEKGEEE S (Burgess, 2004) X°=
— oy SEWIE KRS (EAZA Giraffe EEP, 2006) 23%479 5 filE~ == 7 L T,
MEICAKDB D DHRE ] LWV HIREELZEDTWDLIETTHD, Ll EHERER
BEAX Y COPKIZEEE 5 XD E D NIAHTH D, £ 2T, AL TIL, ENRE
TIEBT DXV OEAKIZOWTH TR IEREFGD & & bic, EHDF Y AXAHITEAK
T, IGHRQIBKBREIZF U OEBA N L AZBETHZ LN TES, 25T

5T & a2 HRNTATENBIZ 2 FhE LT,
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5.2 MELKROTE
5.2.1 @k L O HEREE

FATHEEORE ., 77V AOHEF, FU - U UVIRARRT T U RICE
W, MfxDRV BEADF U U ABIEE L, AR, BRSIE. BEERMHIE 2 E LR
MTHD, B, 5HD 11 A s 3 0¥ EKIEIE 5~13C T, I —nr v/ @k K
ity (2006) OAMVKHETEEUEIREE (12°C) Z# FRIZ AL H o7z, R E LIcEWET
I, ¥V COBRIMEENICOWT, B RARSKIR O BT T T o 7oy, ST
ERBZ TODLHEAEICIE, BNICAT 27 EOXRE{To iz (BBl Rk, £
DX e FERITRE X Mo T2),

XU NET T U RIS LKA RY —ARx— M 1274, M 518K
W 5.2a) RMNAHHBIZKEZRIZ LN TEL, £72, MFORIEOBRIRICTEIAKILED
BHODLZ bbb olo, NTYRERIUL, S (BFE 1A 1~2[) 23, &5
X1 H 1EELTORAKTH 572, KERI ST Y OKIRITFEY) 2.25+2.42°C, O KIRIZF
5 4.00+1.63°C UKIRIZF U > ORERTIZFLER) Th o7, 7Y OKITAKEK, #iodK
TEK G DA STz,

Fafl I D BARDOREIL H TR o7, BIARDRRENZOWTITH 2HLEFEKRTH Y | #
FRIX L AFTICOE 1 EOMEH Lc, (EH LB, hoRXIETF, VT, ¥~

EBE, =T AT DA THoT,
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5.2.2 BlEZFIH

2> b —/ VIR, 2019 45 11 4 30 A~20204-1 H 16 A (7 Af). 202042 A
18 HA~2A19H (4 A, 2020412 A 17 H~2021 41 H 10 A (6 HfH) THh-
oo IRAKMEFGHIENIL, 2020421 H 21 H~2 H 4 H (5 HI#), 202042 H 2T H~3 A 7
H (4 HFE). 202141 H 14 H~2021 41 H 29 H (4 Af)) Thoz, RAMAGHIRHH
E. A XY SRR SN, SAHIMIZ. EWORBEOEE AT 5720, D7kl
Eb 4 B EoORBEE H T, RS OB ZRAMATIZIE 3 H M OIR/KER B 4 5%
F. =y b — VIR OBIEEBLARTIC 3 B M OIRACKREHIM 25T 72, #BlE21T 1~56 A
BEIATo7c, WO HCMOREMOBIET, TTEMHMIZEZEL G52 5 /[N H 572
O, mERT =2y M bHIBRLTZ, £, BEEUNOBIENGZ NI, &
X OBIEDRENF U OITENCE LY 52X DAREMENR S D720, BT —2 bR
7o SHIT, BIEMEED S H 18 (AA[F2]) 23202142 A 10 HICHE L=, HERT
OMNTR BTN B L 5 2 Z RN H D720, HE 2 BRIRTOT —Z 13RS LT,
ZORER, KB LRoTBIEREIL, KT AMLE o7,

BAKIEXY U EDORIZH D 7N (Hippopotamus amphibius) 4725637 THEOY, K
2m O E S OHHZERY A b= 77 (TK-110-GY. b 7 2 =Lkt ; 400
mm(H), 709 mm(W), 501 mm(L) ) (ZAN7z (5.1 38 K0V5.2b), 7eds, IAK~DEREF
PEREZ FHIC L TW ool lE ORI ATy (K 2a) L1, HEV A X
ZEEET, WAKREO 2 T FE2RE L, KRIIKEZZ L, £ 37TCITHE L7z, 9:00
WZF U AR BCTRNCASRICIRAK (60L) ZA1x, 13:20 I2& HIZiRAK 40 L 2z TKEA
HMEFF L7, BlE%. RasNIliE> CWAKOEZHE L, 7272 L, EZ2HET HERIC
BENNTTE > TV D KROIREITRIE LR T2,

ARFZETIE, IR & L CIRIR TR (THD Z8H Lz, FHEITE 3 3 & Rk

T b, #B24% 9:00-11:00, 11:10-13:10, 13:30-15:30 I2f7\vN, BRE Y7V 7 & 1-0
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Yo7V a2 L, SUKEDOZEAREITE & D TE) (52U o oREITEi O —

) ICKITTRELTRD20, ERERTEIIRE fF  BIR, L—V R ~ %
2—7, FRHAOEREEE) ., 48 MTEdIc, BNEHOmXRE L, HE, K74
AF) . BROAMTEITh o7, ZOMOITENILT T "2of "& LTtk Lz, bl
1TEICIE, MR (BHELSNOME, BE, BIRZR 2 EH THO D), KIEE VKD (e Eo
KICEV ZETHD D), KD (BRPLSN DR OB 25 THD D), KLY (K
HOBRMEED) . FED (DO T/IMER FTEEAEZRZZET, ETEIETS) O 5
TR FOFR ST, FRIZHBINBE CH S TERO 21TEN E RN C D ITEh Z X5 L Lz,
BATETIX, B LTV AEHORIE (B, V—Y Uik, ~f Fa—7, FTEMEE) b
gk L7z, Tb OREIERER (BEH) o) sl L BIEEORBNICN D F
U ofTE) GRE. KA. B TE). Zof) Ziskliz. —FH. 107 U7

B> 7Y TR ORENFTELTE RV ATREMEN & 2 K 5 ARl O TENI X L T
EHEhL 7)o I FETH D, BOKITENEL, HAEZKEIZOTTRERS 2L &7E
F Lo, ZOHKITENE FRFIC, BOKSGET BOKATY 0 77 00 RO, 1KER) .

BIAROTRAE GREEA 28, /M, B E D TREl) . BTTE) (BT OREE

te), OPATENZ 1 0RO 1-0 7Y 7 Titdk LTc, T X TORERITT X TOBE
HIZRIRHTAT o 72, BREID 7Y o 7 OfE RITEBREBR R T 5 HIE T, 1-0 ¥~
TV T ORERIEL BHTZ0 ORAT MR HEIEG THEZITV., FEHEITIcER L

77o AWFZEIL, FEIERNCEE T EYEMERZESIC L 0 ARSI (KCZ-2020-021),

5.2.3 HEHfEMT
oy b —/UHIR SRR E IR OREERE L THI 02~ hA v h=0 UKRE,
oy b —VHIRB L IEAKREBF O Y o TE) (FokEE, BREREKR YY) v 4o

7V DFFSANBALAIRRE S & 0 el L7z, X TORE#NTIL, Statceld (A —x Lz
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ZHRR, AR, BER) ZH0WTITo7z, 3R TOT—Z [ FHEE 95%EHIX M TR L
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5.3 fER

THI (X, =2 ke —/ L L RKRENI CA B2 2 e >72 (THL; 2> hr—)b
I : 52.42 £ 6.19, R/KEXEHIM : 53.47 £ 6.23:53.47 = 6.23, P=0.64),
HZXV D1 Hb72 ) OFKBIERR OV %K 5.3 1277, 1 Hb7z ) OIRAKOEKKE
Bk, 374 [F1] 245552248, AA [F2] #16.33£2.06 [@, 7% [M] 7% 3.89
+6.90 [ Tdh -7z, EAKGIM T OMKFEE I, 3EHADET 1 H¥ 69.16+9.54L T
botz, BEMEDI B, I T4 [F1] 1LRKREIC X 0 HOKSGAT O LIS B
fRIZR 6N oTz, —F, AA [F2] &4 7% [M] (337 L D) b OEKBEE )
BRI Lz (AA[F2], 7 Y:P<0.05, #:P<0.05 1 7[M], ~7rv:P<
0.05, #i: P<0.05), IEAKHIMPOBRIKEFEIE, 2 be— @ E LT, 374
[F1] A EICEIML7 (P<0.01), A1 [F2] &4 7% [M] OREOKERIL, A&

B L7 otz (AA[F2] : P=0.40, 4 7 %[M] : P=0.85),

*:P <0.05
= 5 *%: P <0.01
14 - =3k * Kk *x%k k%
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10 r
K
@m 8 r [
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FEf i Z L OFOKEIEOEF K 5.4 (Tnd, a2 b — /LR TIX 12 RRlc e —27 R
e S =23, IEKHIE CIX 9Bl v — 7 BNEMR S Lz, WM 2 42 & E/KEM

T 9:00 P<0.05) ICAECHML, 12:00 (P<0.05) (24 EIZHD LT,

* * %P <0.05
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2 OOHIM TOITEREEIE ZEK 5.1 [T-7, EORE 1-0% 7V 7)) 1220 T
T, v b= VI LIRAKREWIR THEERETR O o7 (R T4 [F1]: P=0.48,
AA[F2]:P=0.26, 1 7F[M: P=0.21), F7z. /ML BEOREITHAERETR)N-
7= UMZ: X 74[F1]: P=0.85, A1 [F2]: P=0.85, 4 7 *[M]: P=0.08 #f&: I 71
[F1]: P=0.55, A1 [F2]: P=0.32, 1 7*[M]: P=0.10), X 7 [F1ICI%, iRAKEHIH
WZEAKITEND A BB L SN (P<0.05), A4 [F2]Ti, R EWIRICHA
VUSNDOEREATEINAZISHEM (P<0.05) L, ~A F=2—7 OHRITENAEITHMN L
(P<0.05), £7=, NEATEICIX, 10 V> 7V U FIC L DD HITENCH B A2Bb 23

btz (P<0.05), A 7 [MITIE, IE/KRBFEEIRICERREIY > 7V o 702 K 5 B TEN

BElIZHmMmL (P<0.05). APTEIOIKD 21TENCABRBO N R 5= (P<0.05),

5.1 ATEIRBEISOE(L
L(ERE 251 [F1] AA[F2] ATHM]
HAM avka—)L SBIK avka—jL ;@K avko—)L JBK
RETEH 39.85+8.64 39.90+7.39 27.22+4.37 36.67+9.27 36.88+6.65 37.16+5.33
AR 24.72+525 21.54+6.63 16.00+=4.80 20.00+8.32 13.4242.26 13.48+5.96
(1-0) 10.66+£3.01 9.44+4.13 7.25+4.44 5.18+1.09 10.00£2.21 8.11+1.91
N (1-0) 2.83+1.59 2.65+1.37 7.96+2.21 8.27+2.78 2.99+1.87 1.75+1.25
# 2 (1-0) 18.45+6.09 15.96+7.90 8.27+2.78 10.86+3.95 6.11+4.36  8.43+3.97
BARLS 15.1245.26 18.36x4.17 10.86+3.63 16.91+5.05 * 23.45+7.27 23.67+4.95
A 8.67+3.83 10.86+4.02 4.22+3.18 7.28+3.20 17.99+7.69 19.8445.16
AFa1—T 5494193 6.94+1.17 5.83+1.30 8.42+2.35* 4724160 3.42+1.13
TE 0.96+1.96  0.56+0.57 0.8020.56  1.20+1.30 0.74+1.11  0.40+0.61
#%7K(1-0) 0.00+0.12  1.2+0.62 2.31+1.61 1.76+0.57 2.81+3.10  1.63+0.60
RBTE 13.67+4.63 12.03%5.26 15.15£5.29 12.43%5.75 6.48+2.02 9.84+2.69
RB(1-0) 17.93+4.51 17.3446.13 22.25+4.16 19.32+4.60 19.48+6.25 19.41%5.27
ORE1TE) 22.28+7.12 21.54+6.12 8.30+2.84 10.43+5.14 7.99+3.44 6.33+2.66
O BE1TE1(1-0) 33.61+8.30 34.35+6.33 16.20£5.25 13.21+4.34 16.20+£5.25 13.21+4.33
HHB1TE) (1-0) 26.57+8.56 22.44+4.88 9.51+3.17 6.73+1.94 * 10.59+4.49 6.76%3.18
KI=FYEHH(1-0) 1.54+1.77  1.08+1.91 3.40+3.77 0.83+1.67 3.06+3.38 0.56+1.03
AEY(1-0) 6.91+7.58 11.57+6.39 491+3.92 9.41+4.68 525+4.17 5.59+2.78
ZDih 24.20+4.90 26.51+6.08 49.07+7.91 40.24+7.87 48.64+7.02 46.67+4.76

(1-0) DFA<IEB X, 1-0Y > TV P kDT — X2 E R T,
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5.4 H5%
TRKEREHARIC 3HEM 7R 72 0 TIEE L7 IEAKEIT K T0L Th-7-, DF 0,

RE (DX Y AFAHNTRAKRE BT, DR STz, AT T 2% U Rk 1 B8 H 72
D ORKEIZ1 HH7-V 45L Tho7- (Dagg, 2014), BRI/ LLEIITE 20 A, 1 B
BHIZVY D 1EHH T Y OHPOKEIL, FATHZEDOHOKE LD BV aREMEN S~ 72,

— 5T, 2y b —/VHIE S IRAKEREBIF OX U OBUKITENC IR, BRE RS-,
I T A [F1E, EAIHEIRICHOR BB O GRIREM LT, —F, A1 [F2lé 4 7% [M]
T, EARER LRIOKEFICEITIR N o7, LL, ZO2FT KDY
RO & OERAKITIRKFR BRI L, WKRZHGET 2506 0foKIZIZEAERS
nigligolz, LinL, ZOBICHOWTIRE SN D _E L, HREGDORIKRTH D,

XU UNBANTKRERGDTZDIHEH L TWEAT YO E . SRIRE L EHasDOE
WERE S ER-oTWe, UIDFATHETIE, REBEORI NI Y NEKEHT Z &
Zhfte s S5 (Teixeira et al, 2006), = DEWAF U > OFOKITENC B4 5 2 1= 1 HE
PERZZ BT, L L, BOKOKRHRFIL, EAKREERD 9 RFIZx U o OFROKBEIEAE
MU7z, 2F 0, LHIZEBWTH U o PNRKITRIE A2 R LIZATRENVED B 2 B AL, KR
BERX Y COBAKITEIEZE ST EEZX b, ZOX D RBEHEITY O THHEEI N
T2 (Wilks et al, 1990), F7=. MKIEKAEHOENOIEREZ T, HNBED O
IS EE G250, KIINEZEZ ST, 23 F—HEREZMAD5E S5 (Bewley
et al, 2008; Petersen et al, 2016), ABLLHERIZ T TIZEMARIZIRAKIZE ML 27~ Bl H
EREICIZTE RV, U b U v ERBRICIEK Z Fe it E 2 bz, EHIZ
A b — VIR LK ESIE CEORRICETI R bR o723, 18 (X1 [F2])
TRIARUSNDOEBITENEA L, FRHI~A T2 — T OEENHM LT, o, TOMmOE
FETIIEMTALNT, BEITENIMR S TWizEB 2 o, KE#HExRE L

ZHNETONETIE, KOGERE LY EREDOMICEDORENH D Z LAHES AT
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% (National Research Council, 2001), 2% ¥, {EKDOEEICL > TH7<L & HHUKE
IR LT REMEIE B 2 e oz, 2F 0 X T A [F1UITOHUKEIEDEIE, A A
[F2] & 1 7% [M MK DYOKEE DA . REATEOHMERF S L <13, Znbo
ERAEZD L, BAKORBEIZLD XY COKSEBREAZHEMI S REENE 2 5
2o 7285, I T A [FUTIHMKOUASIETT (N7 0ih) OF MR IC R E 2T RS
R Tehy, ZHUZEDE D 2y b r— VHIEIZ W THIC ST DK & BREBEEE 3D
ozl Bbivd, YV B PEERIZEVWZ® (Dagg, 2014), X 7 1 [F1113%
WO B PR E R RIS DI VIREETAIFE L T e B 2 b,

Flo. ANV AIED 1 D Th D ABATENCH Z1iT 5 &, AA[F2]& 1 7R [MITix
HIEATEID 5 B B 2ATEN D L7z, JeAThIZE Tl JE8MEREE N CIXABATEI DS EL
B DS L F 5 T b HE STV 5 (Siciliano-Martina and Martina, 2018), L7
LAFETIE, 2> bu— VIR SRR EBIF OR T THLHIZZ R oo e, —iKH)
REFEATENE, A RLART IR ML —va U BNERNE R THRIASLS EEZLNA T
% (Mason, 1991), 7 OHATHIZETIE, FEKETHE TS 7 OFEEEE T, HEAZK
FHLHZEICLVERBED ERICoRR o7 L DR H S (Golher et al., 2015), *
7o FRRIC Y ViiAKZ2MfG3 0 2 L2k v, BRIRES pH ORFFMOIE T2 <2 &
MTE, BNREOHERFIZORA D LEX BN TS (Grossi et al,. 2021), AFETIX
FIRSLHNREOZE(LOREZ L TWRWNWe®d, RIE~DOREBLHONITHZ LIXTE
R, L LG, ZThoo BT8O Z b2l E 2, K@K EILX U v DO&ER

ARNVAZBT 22 &N TE D, BRI,
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YE CRESCHBE L BB SN DX ) VO EREAUGET HFTE LT,
xR0 M A EEBAINEIZ L > THTh T s, L0 bIFF D 3, BiEEZ R E
TORBEEM THY , FTRERKEICERT 22 00, A L BREREICIIRED %
HThoHrLBEAOND, 7 AU NEWEKEE T Z (Burgess, 2004) °3 — 1 v /NEiW)
KRR 2 (EAZA Giraffe EEP, 2006) O3 % U v OfFEEH~ =27 /L TliX, BA
BRETY v F Ay MIFEAROBAEEZHHT 2 RICB0THIEI L TWS, Ll
N, FATRICBON TR Y » 1HEIC L 1 H TR &b 9.2kg 725 30kg DRI
HThHhoHrLBEALNTEBY, ThaeERMET 52 LIZNEETH S (Hatt et al, 2005)
EDRH, XV AKROREITE) (HFEXET) Z251&HT7 1 —F—DBFEAZITV, M
FROITEN Z P D TRANEE TS (Fernandez, 2008), Z DX 5 72HEOE & H#f
ARET ) o F A FORREE 2ETRRE LR, REOBALZGEL TR, £
TR EATEIORBFNGITRE RN R ONRN- T8 b 00 b b7 FHZATFIZTIC
PEATEN NN DGR &l oTe, DFED | HMAABIARET Y v F A FOFEREZIT T
72 ENLS O TGIEN BT 5 FIREMEDNE 2 BT,

FT, RBERERE ) COMEIIEIER T 5 L. ARORELEAF Y o OITENI R

B E B Z TOWDH RN S 2 bivlz, AR, 5 3 B CIRIBERS (THI) 2Nedzr
HZ TV, 2REE T TIEX Y UNEEMEZ K TS 2EmndH 5 Z LR LNE 5
Too PERDOMIZETIL, BE TOF U B W TREREDOZE(IZ Lo TEBMWEIZZEIT
BRNEBEZLNTWEZNETOERE FOLATIZE (Dagg, 1970) & IR IR AN R 722
ST, IETORBEEIIH O NI ARIEINC X 58 A2Z TRV, gl &kt & XUl L5
DR D ATREME N m N E B 2 BT D (IPCC, 2021), F£7-, BFER F L AIZBNT

T, REZT TRBELREL R D, AADEORBEICH T, FrIC THI # LA S8
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LERTHY, FV L LRUBBH THLAS T, [UBEEHCLDBAX L ADE

W

MEsn T (k, 2015), ZOREERIT, ABRFHCEATICHEIT 5% ) > 0fi
BERE~OREZLELE SEL000 Lt FlE, BHREOMKLEL LTI TICEE~
== 7 )L (Burgess, 2004; EAZA Giraffe EEP, 2006) TZ&F 51T\ 5 X 5 BN OBk
EDF ) AKMGFTORRNE 252 5H5R, b LATFIZ7 T v FRICHRR L 72
DEBEARET D E VST TRN, BT TOX Y Otz LS 57005
ELRVGLNE LR, Fio, VU TOFRBKIRESBEICT 5 LT hd, KRR L
B ORIRE FIF 570D J 5K (Correa-Calderon, 2004) % E#EWNICH AT &>
ZEbAMEEZEZDLND, SHIT, KEEPEEHRNC X 2 FHGRTIX, Vit
T, BEGREICHE T 28 EEREHI BT 207%8 (Min et al., 2019) CEEREAZ W2 RKAGE O
SFEIC LD RIRDOIK T ORA (Livet al., 2014) HITHOITEY ., 2 DO EEEX
L ADUGEIZHEDNS LV, —J, AHOERGBMICEZRT S L, BEOKREL &

WCERETHEONENEL L, DEITEIORBUCEE L 5.2 TWDHAREEMER S 2 bl
oo ThZBiEZ, FHA4ETIIEALOBEDZE L F Y O REATEORERNE DZE(LIC
EH L,

COFRZEFFMBE L TH DL L. FALORBRB OVEEITHEN, XU o APETE) (K
WZARNC0ATEY) NN 2DHR & Rolz, DFD ., AU ORBMITF Y OO TEI 2
BT 27O OHEBELRERTHY | BEMLIRRIZZNZ L 28EEGH, L <IIRA
TV TF AL NOEERNEETHD EEZ2 LN, £o, FMERREICH T 2 2B OR
BT WET AV D TITONEBREICET 27— FAETHER SN TORNE
#ThHY (Bashaw et al, 2001), ¥V OHEATEVZESET 5 LT, RKEHT A DB
MHBRINLREERThHDLEEZA DN, —FH T, RBBOEIEHEN, BEFsd
BIAROWREBITNICKRE S BN ROND ZERHSNE RoTe, ZOD, HHEAICE

D BEEUS OELOTREL, BEEO LW 2TASKOITE) 25 & 9 FILTIC
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RUELHEEZONTL, EHIC, BRIZTICERT S L. BREBEASWICIE, BIHREFTERN
Rohdl, 2F0, XU AT RIGFEDR & D RN E X DTz, BET U v F A
¥ NOEREIZBWTIE, BEatom oo, FAKROITEI AT Z ENERO—D &
o TWD, DEY, HEOHE e DN EELISNOE G & 55 U V3B 2 M 4 88 4R Y
WZHE 22 Z LT ZIRNICHEARDITE Z RIS E L Z LN TE L AREMENE 2 b7,
EZAT, FEoELEFARIFRFFINE LT —Z ZHAETOIT LD THDH, H
SETHLMIR ST L 91T, FRCHEER OB TIX. R ORENBL 52 & T,
RINCVATEND NS DR L e o7z, —FH T, RO DITENTIIBTER R 63, KIRD
KT 72 EOFEBER DD AREMEN B 2 Hivlz, T OWE L K[UROIK TIZ X 2 nE T8 D
WA, thoZRE & RAROFAKROITER B Z R TIRET ) v F A FET TR, VY
Y DORD DHCRIZKHLTE TWRWATREMENR D D, ZZEFTOMREELHD L RIS
THER L 724 F0 OPATEIOEMZIE, &4 AWATEIOE) (Fernandez, 2008) , filf}
WAEDZAL (Hummel, 2006) 23 5B OREIZL VAL, S HICKIRDOET
(Siciliano-Martina and Martina, 2018) SFFFHZAM AT TVWD Z ENEEL TN D
EEZ BN, ZTNOOAMIZE D APATEIORB O BRI A =X 50, VY T
B OIT > TR, RO DTENCE L TE AL, AETOX U T, a2 517
O E (Innis, 1958) X°, AL VATENCEE L T, MENLHITHTERD LE
®178) (Langman, 1978) A TR SN TWD, ZRHDOHAETO®REIL, 77V
T COWEFEDORFHI L ERD L EINTEY, ZNEEEE 2D L. FENEDOE(RITIE S K&
FHIRT T —F A BRF L TS LERH 50 h LIV,

—H T, UVOEEOCOFZEIZET 28 TIE, IFEMORERENEEL 52D L0
W9EH %, Krohn & (1999) (T X DWFETIE, RALDORBED X A I 73, BIPETE)
DOFBLEICE LY 272 L C\W5, 72 Stéhulova © (2008) 1%, R 1-rBEDEW-T-4

ITHEHI 7R A R L A~DNESEE IR E WA REEZ R LTS, T SDOIFEEEI7- L5 72
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RS, U THREWE SN TS (Siciliano-Martina and Martina, 2018), -
V. b2 b AT ZWRICHEB LRV E I ICETO R CREERZONS LR,
SHNEHOREEREERF Y DX DHO APHATHORBLRCA I L A~OXIREE I
L Z Db HET OMNERS DL EEZDND,

ZLTC, FE1LEIOFEIECTOBELZEL T, HAROATOREBEREILXY itk o
T, AT SO ENHTWDAEEMENE 2 DTz, AFRIIHEIEITE, BIEER AR
DI UMY, ERICLDEEENH D AREMEDE 2 H51d  (Clauss et al, 1999;
Potter and Clauss, 2005; Yong, 2010), % Z T 5 8%, + OMEEELZ 5472 DD FAr
TE LT, BBHRAKDKGE 25T, Z ORI, mKOHKEIE DR #ERKEIE D
. ARARAE G- B ORI OFOKITEI O & W 5 B R R btz 2 b OfERIC
0. F YU UDRKITRINED B 5 ATREMEDN B 2 HAVTc, BBHE/K ORRE S EGEREEIZ 1T
%% OBEEBIHIC OB > THAENCHONWTIE, SBRERLIFHENLETH LM, 8l

ZEROTIITAREATE) EReD 2178 2 LIRS Wz, 2F D X b L ARRED
L7 ATREME & OKBRBEDWE SN Z E PR S LTz, THE T OX ) v OfE~ =
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