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Abstract: [Objectives] Food quality is one of the most important factors affecting the thermogenesis and
digestion of birds. However, the plasticity of the birds' response to food quality is still unclear. This study aims

to understand how birds adapt their thermogenesis and digestion in response to changes in food resources.
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[Methods] We modified the nutrient content of the food by adjusting the percentage of fat and protein (Table
1), 20 male Japanese Quails Coturnix japonica were randomly divided into 2 groups: high nutrition group
(HNG, n = 10) and low nutrition group (LNG, n = 10). In this study, we measured body weight, basal
metabolic rate (BMR), body fat content, tissue weight (liver, heart, kidney, muscle, and small intestine),
mitochondrial state 4 respiration (S4R), cytochrome C oxidase (COX) activity, and the activities of digestive
enzymes (cellulase, aminopeptidase, amylase, and lipase) in the small intestine of Japanese Quails. We
conducted covariance analysis using body weight as a covariable to analyze BMR and tissue weight.
Additionally, we used t-test to compare body fat content, S4R and COX activity of tissues, and the activity of
small intestinal digestive enzymes in Japanese Quail fed different diets. [Results] The results showed that the
high nutrition diet significantly increased the body weight and body fat content of Japanese Quails (Fig. 1c),
but no increase was found in mitochondrial S4R and COX activity in liver, muscle, and heart (Table 2).
Compared with the low nutrition group, the weight of the digestive tract (Fig. 2), and the activities of
aminopeptidase and lipase per unit mass of small intestine were significantly increased in the high nutrition
group (Figs. 3b, d). However, the activities of amylase were significantly decreased in the high nutrition group
(Fig. 3c), while the activities of cellulase, aminopeptidase and amylase in the whole small intestine were
significantly decreased (Figs. 3a - ¢). [Conclusion] In conclusion, in order to adapt to changes in food
resources and quality, Japanese Quails can develop plastic adaptations by regulating metabolic thermogenesis
and digestive tract functions at multiple levels, including whole, organ, cellular, and enzymatic.
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FAIA[ I (phenotypic plasticity) AZHLA
TEA [R5 H R IAS [F] SR BLHFAIE (1) 58 /) (Piersma
et al. 1997). X PSRRI, SRAELE
RIHAER ., B AT RAEF LN RELZTT
T [ LIS B 5 (Piersma et al. 2003). £
Wi s B K A AE MV T W I R 1 2
—, ATRAGI RS A BT S A P
FRIERI A (Zhu etal. 2014, Gao et al. 2016,
Shang et al. 2020).

B RBE TR R LR AR K 4H
M se BRI e T L R IAE, PPAETIH
g B, WA % (basal metabolic rete,
BMR) (Swanson et al. 2009, Ff#H% 2009).
FERHAC T 5 R 1E IR S W 4 1 1 AR L 1)
P2 HGE R, LB BRI AR RF B % T A
e s W /NEEE S (AL-Mansour 2004,
McKechnie et al. 2004). %M &MU (food
habit hypothesis, FHH) fJFiill, 7EdkEfb &
S ZAEEA M, K ER e EY 2

A% E B SERI R 2% (McNab 1986). #R1fi,
KT EWE IR0t sh P EE b AR 5 (1) AH AT
TR, flan, 5K IS B Y
(Surnus vulgaris) (Geluso et al. 1999) 151
KB BB 542 (Taeniopygia guttata)
(Bech et al. 2004) (1) A A U 2 ABE B E 77
Ee AR AT AR . {H A2 Piersma 55 (1996)
RIL, 4R (Calidris canutus) M iE e
Y IR S Y RS R B B
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FERRE AT AT B . FEAM QR 1 M A
FEREBULLLA AT O BRI RS BN
(AR T 37 1 8 B B B R /B 2 S 4 e A R A
AR ZE R (Williams et al. 20000, 1k 227 #
2 BN ) B AR K T S A U 26 1Y) B A A
fithio ZERIAAIRZS 4 WP (state 4 respiration, S4R)
NRRALKRARTT TR, 807 ks i
& FoF,—ATP &g Fy “#IE” 317 ATP
B R, T T e R A S ) R [ 1) 5 o g i
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&, W 5 A AE I T 1 Ak 2 A R e A R AR
R IREIRER R R R B EARN 14 ~
1/3, & FERIAR ] 2 (1) 35 2220 A3 43 (Brand et al.
20000, iR C AfLEF (cytochrome c
oxidase, COX) &L A P R HL 1A% 3 B LY
Kun AW, STLRAANEES, HiErErK
INBE T DL B S B R A (1) S nT AR 4
A E AR KT (Zhou etal. 2016), K HZH
A B YA TR0, BRIACRAS 4 RIS
Y f 3R C A ABE KT AR A /N B S AR
5 7 e 1Y) B L AH A g 2 il 2 —  (Zheng
etal. 2014a, b, Lietal. 2022). fltn, WK
LA W0 £ (13542 (Fringilla montifringilla),
FLHEARAC U 2 B 2K T DL RO B A R
(Passer montanus), [ i He 28 UL A () 2R Atk
A 4 W (S4R) It C ALl (COXD
VR E S TR CHIENAASE 2004). A
I, B i T v/ PR R A I 2% B I 2ok 4
WP R A FH 0 5 s 7 A S R 1 5 AR = AR
H, SRAAIRA 4 PR (S4R) FIZHAL(E C
LB (COXD iE JIH AT AME— R E3RoR
BRIEM AT LSRR = I EE ). (HRTF &
VB 37 DR 5 A AR R B S AT AR R Rk
Z, MEFHFH RN BRI — PR
BYE RN FRE 25 REE A E R A
¥ M2k, (Karasov 1996, Piersma et al.
1997) . & 2K fizpite 2 Y ] ¥V 32 EERINAE TE A A
AT, WipEEE. KEAEIERS /)
&8s E (McWilliams et al. 2001). 1ENEAL
EHREEMHENTER, YEWRI KA
IF, /N AT LLdad T AR D R AR Ak
VR SRR YT, DUE R Re E AU R
VM e SRR YL AR R (Apodemus
draco) (FEfER EHEAIRIRELH) (Zhuetal.
2014) AIK VD B (Meriones unguiculatus) (i
YR m AT 4EZLD) (Peietal. 2001) JHALIE &
HWE K, EIRSHEAE, B TRERA
PLAERFRE P47, BRIG L, WiR B miE AR
FREE, MRN8 S BOE L IE A I R,

Y A 2 e, IR mTE A .
Gb, g Rl I C57BL/6T /MR (Mus
musculus domesticus) Y1k I8 FE 45 Kk A4 I 3 A8
b, WAEKESERIK (EXYSE 2021).
TX W 7 Y A TE TR 25 (1 U8 7 06T B 4 o R = 4k
NFE A Z A B # 2 (Derting et al.
1993). WAk, FEHAERIIER S, EIRVIAE
THATE AR K AR, AT A Bl ) P2 A
TV TR & 4 BA 2 X (Caviedes-
Vidal et al. 2000). JENBEAIZF4E =B 2K
it LA K% i 155 i 43 0 T DA B Bk 3 42 5+ B ) v B
HK. EE AR B EABCRE I R K. AR
SRR AL, WIEEE TS A A S
JEYKFRIE L (Diamond et al. 1992), {HA
[E s 45 BANE . Blinm AR E R,
FIRAE (P. domesticus) {2 2 it A1 4 il 25
KA B 7K AR T RN 2 32 K 25 2R (1 S /K e T
A 0E PE 25 5 3 Bk ( Caviedes-Vidal et al.
2000). 1H Rott £ (2017) KB, WHFERAE K4
5 i Y A Tl 1 P AN B o R 1 v
Bk, miEMmmE T, HAMIS (Coturnix
coturnix) /)N iz T 1) 2 2 bk AN JRE R i T 35
F e (Kohl et al. 2017). VAL B PE ) w] 38
PR R B 1 SRS AN R R W ()3 B
B, Ik — 20 s i AN (1) A A7 A kAL
(Brzek et al. 2011). Kb, &KL
Xof i T A B M s ma AT A Ryt — D A

H A9 55 J5 7= I FTER P (Minvielle
2004), HAKRE/N, BHEE S, B IHmeE
FRl. IAERIAE ARSI C A 2 B H
T BPCEMAYER ST,
BAB SRS LR M ECEISSE 2013).
AR TN H ARG IR TR R, WAL EE R
AMIRE TR, W AR = 0N T AL D e AR
RIFRIATINE ,  CAIGIE & 48 FR s ma AR
HAE B TR . AHER /AN 28X
AR IE FRI () Re B AR IE S L 2 A il
Okl
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H WL 25 5% 52 @ WA A A RO A =] S
20 FUAEEAHIL AR KOIR V0 R 4 B R i 4 H
A, Jwshmicfa TN YIE GR
f£26 C, JRMEES BRG]y 16L : 8D,
H HEEARK) $%E (60 cm x 60 cm x 30 cm)
TR 14d, LOE R BRI, IE SR
KENIBEAL R 2 4, B 10 R, Sl EE
744 (high nutrition group, HNG: 2K )i 51%,
NEWT 15%) FMREFR4 (low nutrition group,
LNG: HE 5 34%, il 8%) (& 1), 1kl
LT AL BRI S A BRA R, S50 A AN 14 ds

&1 RS )
Tablel Theproportion of ingredientsin the feed

REHRL (9 ®WERL (9
Low nutrition ~ High nutrition

group, LNG group, HNG

KZHEH¥7 Soybean protein flour 33.84 51.18
FKIEH Corn starch 39.81 15.44
i) Mineral meal 4.98 4.98
%% Minerals premix 0.40 0.40
1§ Ammonium phosphate 2.99 2.99
JHEA Sucrose 1.99 1.99
£ 4E % Cellulose 6.97 6.97
% 4t Vitamins premix 0.30 0.30
DL-Z#& DL-Met 0.40 0.40
SALAETH Choline 0.38 0.38
Z)il Animal fat 4.98 9.38
T4 Vegetable oil 2.99 5.62
A1t Total 100 100

R HEMRE 100 g TR &R R E .
The values in Table 1 represent the mass of each component in
100 g of feed.

12 {EERE
SEIOERN 14d, HSEREE— KRG, B —
KALH BT25S ¥ KF (fEE Sartorius, F& 1
0.1 g) Mg HAEG L 1)K H
1.3 AR E
B AN AR 3 DLAE /N N1 A 480 &
(ml/h) kFw. RZRHEE TSE AR 4E

P BGUE A TG e, SN
HEA 1 L/min, S0 0SSt 38 )5
A 0.38 L/min (30 38 o 450 <023 B OCRORE i
EHHE, W RSB ERERE Hr KA
Fraii = . BIC-300 AN TAMEF (FE L,
TR 2N D F2 o1 R = RS DU B R 26 °C (A
R DX EE VT BB P D o SE R U R T AR B Ak
T E kA He 2 &4 FllE (AL-Mansour
2004). HARES T BT EshY, AR
(300 2 XA 71 R) 23 (23:00 B 2238 H 03:00
D PARET, B RTHHIN E H AR5 B 24
h ACEER R I, 18:00 ~ 06:00 i 2 [A]H il F A
faE . HTREMHBEE ST REH )\ #E
T8, Ry BRI E H AR5 25 AR
WL E 4 H g Rl 4 FURE R4
Mo diG IR S, A AIE 2 B H
REGFEE 6 h, NIPILEIERN 1 h 5, B0
5min id3% 1 IXFERE, 4% 3 h (Wu et al.
2015). IEHL 5 AMELLAR T R ARME T EAR A .
AR IR S50 T i AR R A B I 5 AL

1.4 fEAREIW &

VLRI, AT GO, . B
FAIRRD AIiE (8. Mo, KipMgE”m),
PR BT ER TS (60 C) MTZ1E
#HJ5, H BS210S ¥ K°F (4 Sartorius,
K2 0.001 g) FRETHE. BT ERMEAHR
RIFEEME A G & & (Firth et al. 1985), LA
R 1 T B R o TR T B A bk
N[

1.5 AR 4 9% (AR) MY EREA
kg (COX) HIMsE

B Oy B =R B A LA 2R AT 2R
RIAIRAS 4 PRI (S4R) FIZH (& C AL

(COX) IME . FREL (50+7) mg HA, #
A AN 2R UK (50 mmol/L HEHE . 5 mmol/L
Tris-HCI. 1 mmol/L MgCl,-6H,0. 0.5 mmol/L
EDTA. 0.5 mg/mL PBS. pH7.4) #%F&E 1 :
10 F LR &, I FH e id St B A A5 31 % 41 27
BRI, UK . RRLAIRES 4 1P (S4RD
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Mgifuta R C Al (COXO 1l e #ik M
DW-1 #15 FAR-1A X (JE[E Hansatech). £k
FLAARIRZS 4 PPIE (S4R) [ K A Estabrook
(1967) W17579%, RS 30 C, SRR

R BBRUEARN 2 ml, BFL 0 Bk
AR 4 IR (S4R) TN 5E S S 2 5T 1.95 ml,
WL ZERIAARZS 4 FFI (S4R) HII5E S B A
JFi 1.90 ml (225 mmol/L HEFE. 50 mmol/L
Tris-HCI. 5 mmol/L MgCl,, 1 mmol/L EDTA,
5 mmol/L KH,POy4, pH 7.2) (MIZh#A%E 2008,
Zhou etal. 2016). i taE C ALl (COXD)
(¥30 52 AR B Sundin % (1987) [IJ77%, VR
FEHN30 C, RMAEAEFN2 ml, K. 5.
LRt 2 C A AblE (COXD FINIZE S5 b A
R 1.95 ml, LAl ER C &ALl (COXD
17 72 s BT 1.975 ml (100 mmol/L KCI.
20 mmol/L TES. 1 mmol/LL. EGTA. 2 mmol/L
MgCl,+ 4 mmol/L KH,PO4. 60 mmol/L BSA,
pH 7.2), FUIAIMtaER C ARMIEY
1.6 /PDaAEALEE RN E

i) i L o R T AL /N O FS BR S 4 A
SRS, sEHERNG. HETE S
EITF, /ot FH AR R #E 7K BE DL R B B )
WA, SRJEFHIEAIR AR K . F BS210S
L RF (f#[F Sartorius, FEAE] 0.001 g) K
BN E EHNAEYE (without content), HJfEF
#H (empty, E). EH{LIE (total alimentary,
TO) E Ry F /NG HAINE .
17 HAEHE R E

FERUMI , HRRE S Nm N 18l
W + =48, BI—#MamET EP &,
2R IE R J5 ORAEAE - 80 "CHIUKFE N T8
AT JJIE oSS I L 25 i L AR TUK
b AEBRRRECH S B R S NN 20 fE AR 4 °C
T 0.9%ABE K. FEAWERSIHKG 4 C.
8 000 r/min 250> 10 min, B 37 i RIA L R,
4 CIRAF, 24h Wt oe . [ BEIK S 5
FfsLL (enzyme linked immunosorbent assay,
ELISA)E I 7€ 4% i 1) 21 24 2 i 2 Hik JIk 7

TE N B LA KRR W B S R . R & B b
B AE R A R A F], R
B HEAT
1.8 Zitar

F SPSS 22.0 R AF-E#ATHAE . AT
R E R, R RS T I E R R
77 28 (ANCOVA) (LUK AR Ky A
), HTARRERRIE, Frbldtir ) IE %
G, PRfEER. HHABERE ZRARES 4 17k
(S4R) Al Lz C AMEE (COXD) ih T
BT /N T A TS 1 B N B A T A B
PR MO FEAR t K500 SO A LY
{H + IR (Mean £ SE) Fox, P <0.05 8]
WRZERRE.

2 4R

21 FEMEMAHE (BMR). fEiER

SEES TS FR AN S 7R 4 H ARG 59 1 44
BELEREZEZR (K 1a, t4,=0.063, P>0.05).
PR E FRRE AN 14 d )5, mE SR A
EWEBESTRERM (K la, t4,=4.192, P<
0.01). SEEGHT JEAKE FRAM & E FRA N B
RiFRHTLREEEZSR (B 1b, SLIET ty =
2.144, P>0.05; 55 t4=1.963, P>0.05),
ST IR G, PSR Z A o R 3 2=
R (F14=1.928, P>0.05),

SR G, mEFRANARIEREE S TS
R (B 1c, t4=3.155, P<0.01), & HIAE
NERBJEE I T 24%.

22 FF A, DREEE

PR E SRR ENE 14 d )5, EE SRS
HE T EE T IRE IR (15=2.338, P<0.05);
JTEE (ts=1204, P>0.05). JIAEE (t=
1.070, P> 0.05) A0y H & (5= 0.560, P> 0.05)
TREFEDN (F2). & HERKIER, &E
A EE R LTIUE RH (F 5=4.126, P<
0.05); WIAEE. LESEMEEENLLET
1 (& 2),
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Fig. 1 Body mass (a), basal metabolic rate (b) and body fat percentage (c) of Coturnix japonica

under high and low nutrient food intake

LNG. K& 774H; HNG. FEHR4l. Intial. SZIGHT; Final. SL¥)5. A/VY ARFR—HIE M. ***P<0.001; **P<0.01

LNG. Low nutrition group; HNG. High nutrition group. Intial. Before experiment; Final. After experiment. A/V represents data point. *** P <

0.001; ** P <0.01

K2 H KEREYHETHAEE 4 MABEESETRER. S0ACRS 4 IR &R ALBET
Table2 Organ mass, state 4 respiration, cytochrome C oxidase activity of four metabolically active

organs of Coturnix japonica under high and low nutrient food intake

N \ ZH A = VEME
i LR IARES 4 PR MHLER C TULAER
. L. . Cytochrome C oxidase activity, COX
e pr 405 Weight (g) State 4 respiration, S4R (mmol/min) (mmol/min)
Organ Group — — — - — -
FHME £ AR 455 Result FHME + bRdEiR 458 Result FIYE + brdEiR 45 5 Result
Mean + SE df =18 Mean + SE df=18 Mean + SE df=18
L{ﬂ LNG 2.64+0.16 t=1.204 1528+ 1.14 t=0.322 38.68 +3.64 t=0.152
iver
HNG 2.40+0.12 P=0.244 14.85+1.29 P=0.751 39.40 + 3.04 P=0.881
ﬂﬂ.l’ﬁjl LNG 21.14+£0.85 t=1.070 79.27 £22.72 t=0.102 287.83 £62.19 t=0.321
Muscle
HNG 22.27 +£0.62 P=0.299 82.22 £17.75 P=0.920 319.13 +74.89 P=0.752
© LNG 1.02 £ 0.06 t=10.560 9.52 +1.28 t=0.962 33.38+3.28 t=1.466
Heart
HNG 1.06 £0.03 P=0.583 7.96 +1.00 P=0.349 39.81 +2.91 P=0.160
K':i% LNG 0.92 +0.06 t=2.338 6.17+0.97 t=10.822 14.85+1.27 t=2.678
idney
HNG 1.07+£0.03 P=0.031 7.19+0.76 P=0.422 21.65+2.20 P=0.015

LNG. fKE7E4; HNG g F4l. LNG. Low nutrition group; HNG. High nutrition group.

23 AL O BEREIRE 4 1R (4R
MY R C EEE (COX) Wik

PR S RN 14 d J5, 4L H A
JE~ WURL O FH S 1R A7 T R R LIRS 4
W (S4R) FIEEAA SR B A RAAIRES 4 PRI
(S4R) ¥IARHMEEER (K 2. HIKEFRF
ML, mEFHNE R EMRGER C A

bl (COX) EHEEFmBEA BRI EEER
(t15=1.892, P=0.075); BB MO R
C AAbl (COX) WEMEEAE (£ 2, tg=

2.678, P<0.05),
24 NHAEHEBERE

PIAE TR BRI 14 d X H AR5 (17N
HENHEERA BEPW. mERANN
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pEE (K 2a, tig=6.536, P<0.01) Fl¥HiL
EEE (F2b, tig=6.463, P<0.01) ¥EF
RTHCEFRH. @I ERIEE, ERWAE
P 1 2L 1) 22 5 S AT R AN AR
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*
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/N E R Weight of small intestine (g)
s
T
THALE E B Weight of digestive track (g)
S
T

LNG HNG LNG HNG

B2 & KERARYHRTHAEBEMNGER ()
AELEREERE (b)

Fig.2 Weight of small intestine and digestive tract of
the Coturnix japonica under high and low nutrient
food intake
LNG K& 774 HNG =B A, A/Y REBE—HE i, #+* P

<0.001

LNG. Low nutrition group; HNG. High nutrition group. A/VY

represents data point. *** P <0.001

25 /N YR EE I

A E RN 14 d X H AR5 /M g TH
WEEE VAP EA R RIS o B IR BB, =
BRHAMNARERIEESICE FRAM L LR E
Ak (B 3a, t3=0.806, P>0.05), &ILkEE
W (& 3b, tg=4.283, P<0.01) Flfigifk
W (B 3d, tg=9.641, P<0.01) B&E&ET
IS TR, TTVE K B M S0 35 I TS R 2L C
3¢, tig=12.781, P<0.01). Ik E I,
mE IR A AR I E M (B 3a, t3=15.328,
P<0.01). ZIEKEENE (& 3b, ti3=2.876,
P<0.01) FIVEREETE (B 3¢, ts=12.049,
P<0.0D) ¥ REMTICEFRH, NaiETEMN
HEBZEZER (K 3d, tig=1.701, P>0.05),
HEF LB

3 Wi
TEARA T, SRLE MG Y TR sh
S ESRIRBL Bk (Dall et al. 1998), A
ARAL BT B E TR KRR A SR B
FIEFIATIAES) (Cherel et al. 1988). H1KE
FRAARELG, mE R AR R R K
H AR 2H 53 A6 A5 7 o7 s el ) R
XA REAE RS IR 4 AR 9 R E W 2 T s A B
BRI BRI ZE8 B A N 2 EL AN A
A AR K E Z 45 A8 (McKechnie et al.
2007) U R AW BRI FEE B SR BRI
DR, V2 5 2R S U B A AR 2
RYEFFHLARIREE-FT (Cherel et al. 1988).
FEFPEKF L, McNab (2009) &3, LA
WEAE R R AT SRR E YR EH
T IR, e SR AR AU 2
TAGKAETFMEDY) . B HREF T 53K,
TEFAZKF |, Sabat £ (2009) & ILAL 4 55
(Zonotrichia capensis) 7£ = & FR I & N UK E
FRE R & BRI EMACH . [, 2087
M E TR B NCE TR Y, HIERACUH
ZEAK (Piersma et al. 1996). {2 S+
(A 4 25 2 1 H R U 2 A S (Geluso et al.
1999) HISERIAH 2 . ABFFF, HAIIE
s RS FRIRE T 14 d FERAR TR A b
ANEE . CRFEFENER S 0/ FLsh P 5
B AT X LRI, T NI AL
BWE F7 R 0 IR 2 1) 52 e AN S AH
M. : KM R (Zhao etal. 2009) FEFI )\
it (Octodon degus) (Veloso et al. 1993) 7E1%
B IRE IR 2R B E PR, thah, =i
AT LA (Cricaulusbarabensis) ft 3l
AOBAR BT X JEZH 5 2% 52 (Shi et al. 2017).
SR, R B IR U R (Eothenomys
miletus) ISR (GESSE 2021, £F
YR EANXAGIKHRK (Lasiopodomys
brandtii) )5 AHAET % TC ] W0 (Song
et al. 2006). ZE CLA SCHRRE FI A L6
FATRATEN, EYIIE IR H A N TE R
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(d) in Coturnix japonica under high and low nutrient food intake
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In each graph, the data set on the left is the enzyme activity per unit mass, and the data on the right is the overall enzyme activity in the small

intestine. LNG. Low nutrition group; HNG. High nutrition group. A/V¥ represents data point. *** P < 0.001

IR 2 s AR AR [, BV TRA
I3 AT RN AT AU 6 A M — 52 R 3%
BEMENEEAEE B FEERNE,
Rozman %5 (2003) RI, HEVWEEHEAL
I, B2 AR R P IR DT B Bk R0 B e ik
NS (2018) RIL, DEWIAMEARSE
B R B (Tenebrio molitor) A £r AR R 22
RS ERS TUSE RS ER &M BT
( Echinochloa crusgalli ) /#r #E X & /)~ K

(Setaria italica) NEHIMIRE . 7E/NTIIHA
AP, A ZELUHIR S ERE R SN R R
LA R IENE S & T E U E) N R
AR R (KRR 2018). XULHIEWE
B NERSIIR IR R . R
D, 1EE TR H AR5 R A T AL SR
KRR AR A R HACE FRAML, SERA
HAM AN &R EE SN EERER, X5
BB ERL, REREEA .
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9 A 52 B W AR R b 255 7 T () B2
B, BT RO R BB, ek
BHSHINESERE GRE®RZE 2009). &
BRI, T AHE AR 2 R 1K
RBEAEED R, FFREN, HARIAE
RERRE T, BrMEaR C EAEE(CoxX)
EHEEESTRENA. mERAey RS
WElE g E, SEARMERNAREEE,

JiE A B AT BRI BV AN, (Teyssier et al.

2022), PREHLAAR SR ASAH [F] ) #h i 75 ZEAR U 2
(IR T = A2 B8 2 [P 7K . IX ] e 2 R 7R
BFaiiE iz C EALEE (COX) v i 25 38 hn i
JRRZ —. EHEEE TSP & 5K
VIR RE LT, i AE S S i R S T RE
DAL S e £ B 2 T e — PR Y S5 2R TR AR D)
BEME TSR & (Barcelod et al. 2012). #IA
AR, ENEmEAREETESFEERE
AV PR FER N, XS HUR A B B RY)
EWINAE 5%, 4 Goldstein 25 (2001) KI, X
JRREE T I v 2 VIR BT I, AEAN O3 o AR
Ei bRyl =) SN A = R /P
A, Sabat 25 (2004) WFFC KB, R A4 (7
30%ME R D 2040 B ) B i AR TR R
H (F 7%WEH) BREDESN. AR
R, e TR HAES 5 1 o A,
AIRESE R TR AN EAR S EH K.

gi b, SIREFRAML, mEFRHH A
TSR 2 AR LR E N 2
HEAEFAERES: SR, mEFRHRE
T AR R E ., RIESR. FEAHEE
P 5 R T T e S A 7 P SC R b
IXuegk QR BWE IR AR 2 R )
WARR =R, HAX Fhsgme il Ge V2 AR T
R, A E MRS Z K.

THAGIE AR A TR IS T2 40 0 - TH AL
PE BN, BYE IR AT DOl s i R
BipiEEE. AR, EXARPEY)
BF 55 2 (1) A TE T 25 2R 30 HS B0 (1) ] 3 R A
1, HlanEaMETES (Z. albicollis) (McWilliams

etal. 2001) =559 (Troglodytes aedon) (Dykstra
etal. 1992) FH AW (Starck et al. 2003) 5
L 235 n] DU I 1 15 T AL 2% B A B AT E
i s i, AT R 2 O3 i R A AT Wi
REJTo TEXT H AHS S B AR O 7 R I, Ho
TEEA AT Be 2 HREE MBI IKBN 1], &
TEEFHE SR ENRBIE I, FIEA
e % RN EY s s &1,
i A FEGE AR E R K (Kehoe et al.
1988, Starck et al. 1995, Williamson et al. 2014).
M, M ERCDR, FrRAMNEEmiE
2 [EIHARRAS N, fFlan, Savory 55 (1976) K
W, HARIEMCE R B EFRIRE S
TYTRNERDN, 1E 3 2 4 I HGIEARR 5
BRENKT . AR, SICEFRAML,
e B TR 2H ) H ARG 55 /N i B R AL e Y
B E PG, IX AT RE 2 RN E R B YRR,
H A% 354 75 K & D ) PR el 2 H S ee
BHRRK. B, KHFFRAREY, FIHEIFRK
B 2 PAG] S H AR 55 Y A T2 i AR
PRV, 5 Williamson 5§ (2014) LA Savory
E (1976 I LS5 R BIAHTT & - SR, Jergensen
5 (2008) [FFEIIRIL, Zeid DIkt 20 d F4H
S, PUXSYH LIS E R R ek S
& EFEss, X AKHERIRE T,
JiE B SR R T 45 R . FRATTHE I AL
kRl L AR RS FhE )AL

BEAh, THAES B B AN R SE A IRV AL Bl
(IEVER I SR IRITHE . A4 RS,
fEBE YA s i . Platel 28 (2000) A
N B R BT A B M g B B S R
PR IE SR UG, SR edd OB R N T
A T P 3 A T A T ) 0 A SR N P R AR
oo BRFURIN, A RRAETE AR L AR DA BLRh
THIE A RABHEY IR, HEE
VE R B M S B TR AR R K (R
WML 2012). XA (Dendroica pinus) [¥]
T I, T A TS 1 S S IR R R
YIRS B AR L, RN SR S B
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R PR S R I N 0 (Levey et al. 1999).
AFFERD, SIREFRKEML, mERRE
SE T H A 5 1 57 5T N i e W e 1
EFtm, 5P RS o RS
s L BIAR A4 - Caviedes-Vidal 25 (2000) & 31,
£ HH T E KR 8 2 T w1 g AR O T
P . Kohl & (2017) ST s A HRRX 4%k
S (Anas platyrhynchos). J&38 (Gallusgallu)
I AR5 55 55 19 28 A B R e [ RIF 000 R I
I SS9 1 Z L AR M B . 5%
FIGERAR, AR SRR TR
AU 5 Y A T PR e 2 2 S T AR R 1
W, HEMNERE RS G . RS
SE RN ZE 7T RES B ANk E] 55 7
MM ZEFARX (Yangetal. 2013). IE4h, 51K
ERWEME, ®EFRREZ4THASST
BT B/ Y e B T R PRI AR
TR AL, X e RS H AT 1
R HH RE N 0 1T B A8 DA R I e R 1 AR 15
BIRRT G o RIRBTMOE IR A R IHALERAE /NG
BABEKE ENERS MNREAREERT
A Ko SRTH AR IR IE B R VE A R T
SRR ZFEPERIEE (Chenetal. 2019).

Wrm. IKWAE TR, v 0 A%y
BERG R A T ENERTT . TR R T
mEREYTRER S, RFEHELESHEYD
BRI e Re B B R TRk, HLEERAH A
BEE0 Ak T8 R A B MR 2 N R
Tt B 1 I By A 45 1) 5 AR B ) R A& S ELAT
& “RBEATZ” MEN, DRIESRERE
FR 25 KAk (Diamond 1991).

B, RARELEYRESER, %
JEAT DL Ik B AR AR A Th g
T3 O A T S IE W SN 5 3 1 R T 2 R
W AR S 2 AN K. ROREE
% I FL L2 I S DO AN [F] & 40 138 B 5
W, KA R T S IR HEARRE
Bt RN KA AR S S A
EXINSAANNET R
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Vega Gull Larusvegae and Mew Gull L. canus Found in L hasa,

Xizang, China
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