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Resear ch Progress on Percentage of Neutrophilsand
Lymphocytes and the Relationship Between Their
Ratio and Stress Responsein Amphibian Species

ZHOU Li-Qin ZHAO Xue-Qian XU Mei GAO Si-Yi LI Xiao-Tong
NI Xuan LIU Ying-Ying ZHANG Zhi-Qiang
Engineering Technology Research Center of Healthy Aquaculture, College of Animal Science and

Technology, Anhui Agricultural University, Hefel 230036, China

Abstract: The number of leukocytes in the circulating blood of amphibians is related to their health status,
and the ratio of neutrophils to lymphocytes (N/L ratio) can be considered as a surrogate indicator of their
stress level. In this paper, we reviewed the common blood sampling positions, methods and precautions for
blood sampling in amphibians, summarized the effects of multiple factors including species, developmental
stage, urbanization, environmental pollutants, temperature and disease on the percentages of neutrophils and
lymphocytes and the N/L ratio, and the relationship between the N/L ratio and stress response capacity in
amphibians. Combined with amphibian’s life history characteristics, at least three further areas of work should
be urgently carried out: 1) Optimalization and standardization of blood sampling technique for the tadpoles,
juvenile and adult amphibians, and making it suitable for amphibian research in the field; 2) It is optimal to
clearly define the relationship between a single factor and the percentage of neutrophils, the percentage of
lymphocytes, and their ratio in the blood of tadpoles, juvenile and adult amphibians; Meanwhile, it is also
important to clarify the relationship between the health status of amphibian and these above-mentioned
indicators in the short term or for a longer period under the combination of multiple factors; 3) From the
immunological point of view, to clarify whether there is a trade-off relationship between different components
of the immune system and between immune function and other energy-consuming physiological activities for
some key life history stages from aquatic to terrestrial phase transitions, and to provide a novel idea for
estimating the future fate of amphibian population. The percentage of neutrophils and lymphocytes, as well as
their ratio in amphibian blood is affected by many factors, and current studies focus on intraspecific
comparisons under the condition of a single factor. It is necessary to cooperate with other physiological
indicators, and to interpret their ecological significances carefully if these indicators will be applied under the
conditions of multiple factors or for interspecific comparative studies.

Key words: Amphibians; Method of blood sampling collection; Neutrophils; Lymphocytes; Stress;
Physiological trade-off

BHERYIH, IEACRIMEIAR Z 0L T 5 25 H0 iHBhEPR (Campbell et al. 2007, 2022, Isaak

SN, BUCRATAMNESIY), JU Delgado etal. 2023), AIHE]T TR ORI A

Wz PlEIYIE, TR bR AR AL P 2% (conservation physiology) fiff 7 (Park et al.
B T 297 BUAE 9 ) AR BRARAS 1 2023). MRS Hh, B0 B4
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AR AR ATCRL AP, HE I AR
PERIAHAE (BRME ek e, LT SR T
. WETR MR MO A g R R A, S5 B
FUAZ AN AR 4R Y (Campbell et al. 2007,
Davis et al. 2008) . %M A I MRS 5
MES ) s RGN RIH A ok, iin i
RORAE I b, b (B0 RS
40 ffe 1 LB {E (ratio of neutrophils or
herterophils to lymphocytes, N/L B¢ H/L) AJ{E
NN B3 (Davis et al. 2008, K&
5 2015, Davis et al. 2018), £ WL TAEAER
2# (immunological ecology) fiff 7T (Gomes et al.
2022, Assis etal. 2023),
R, MR TIERR B A=, PLE
—UERIE LTS SRR, 5 PN Eh ) B 4
HEB) A N/L EAE AR A8 AT 58 i) SCik 2>
(Davis 2009a). Davis (2009a) ¥ 7 MhkA
http://wildlifehematology.uga.edu HIMIuL, #A
RGHEEIE 1 2021 4F 4 H ULRT R RIS )
WA HESN ) & B 1 40 M 250 A N/L (B H/LD
HRME LR, FERES A Fe
fAfBL N/L (BG H/L) SREE SR HEN Y 0 SEOK
SEHEAT T 43K (Davis et al. 2008, 2018). [ P
R H (Anura) GEEZ 1956). AR H
(Caudata) (MG 1989) FITG 2 (EdsIHED
H (Apoda 5% Gymnophiona) (Z=HE2545 2009)
NN A2 R F R s A A ki, H
SRR F P ER ST 7T . BEE X PR B4
B IE R G TR (Jiang et al. 2021, Douglas
etal. 2023, Ruizetal 2023), LRt ER%
AR 3 A B 2 55 D% A8 ORI IR R R
(Brock et al. 2014, Assis et al. 2023), }T{E
A FI TR WA R AR S 1 S P X
B S HORTR R BRI RIS R E RS
2005, FKEHR 2015, AMWEREE 2022), A {ERK
VAR S R 1 B CENNAESE 2018, K&
SRAE 2022, JUHEREE 2023, f5EAE 2023a,
FEIBE 2024, FRERE 2024) AUMER T
ARSI ISR LR SR I 5 V2 AN e S I,

SEE TR REM B W, RS .
ok AR SR A ) 5 DR 2 5 TR R A R
73 PRI B 1) 7 20 LRI 20 R B N/L 5
R &, PR N/ EUE S 2E X, I
X AR T8 7 AR H T

1 PRSI R M 7 A R I

PN, R S R 58
R T AR X B (1938 B2 1 A 9% (Costantini
2022), AT A B A T 12 9T AR S )
(Campbell et al. 2007, 2022), {HZIMLHEAL
SKRIME FRf T H . 5 SRS 2R
FRARE AR 3 SR BOmi A2 (3R 1)

Vil ZENTRUME BOIRS ST 2 R T #
PRSI L& . S0 E 24 i 2 5 AR
(1 25%, A HMICE B &2 5 AR E R
10% (Arikan et al. 2014); YFZ/KAEFHWBHY
AbT 13% 1 25%:2 18], TR 22 # bl A2 A 3 4)
AT 7%F1 10%2. 18 (Wright 2001, Campbell
etal. 2007). —fxilN, —UCRIMELT Pt
YRR 1% EIEN, Aot Hid sk i
PEASE (Campbell et al. 2007), i il {F— 7K 1.
WHATHRIMERN 10 pl £4 (B&N 3 uD. K
LW Sh ) IR () 732 0] o AR A . Bt
PERECIEIE =, X6 (1R 357 2 530y e
fik. RAUGHRIRES. ALK, FRER
IR FE R RIS (R 1.

7ol R i G e | I Tk R 8 TR N L
N, WA =R B AV R R 2 R R R R
( tricainemethanesulfonate , Bl MS222 )
( Campbell et al. 2007 ) B %X £ &
(Weerathunga et al. 2020), VARG z), &
PR E VY N O T = N | S 9757 L3/ 3¢
g b, WIREOBkEN L, Fr L
g FNEYIKET, A2 HHRET (Doppler probe)
BRI ECE T 8 A 0/ AR G N BT
Beik F AR OB, LA 25 G £kl — Ik
PEVES 28 R MM (Wright 2001). OFKT
RIS, JelbRlE. [ 2 sh4, M Lo,
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R RO, NT/NEERBNY, vBIH
kT, FAESIKT BT AL IngTEeT, LR
R NSk T R e R T, B4 b
Mk, BEITVERTREZR] 70 ~ 80 pl 67
( Batrachuperus pinchonii ) Ifil i ( f& 2 i) &%
2016), X TAMRECK I B kR, o) 30 ik
THEREH B Pk, SRJEH — v
A LRSI, Z218HhH, AR 1 ~ 3 ml
(ZTPHE% 1995,

2 WMishY) B 40 M 3= B0 2 i 3L 8 A
K

PR BN 5 40 70 1Y = 0 R g v Mk 2
M. FEERVERIANMD . RERR RN IR A
FRZAIM (SRR 2014), FHAREEY
T A4 (Weerathunga et al. 2020). Hf553%
B, IR L K 2 B A B I o B A
SR, ORI rh MR 2 i B TR
PERIAHHE (Davis 2009a).

2009 4£, Davis % The Wildlife Leukocytes
Website [ 3 ( http:/wildlifehematology.uga.
edw), Y. B THINZY. TCITshHAIEE
FHREYENAMEEFL, FREETXEY)
P L gl A A AR, M LLiEAT B 3h i3

(Davis 2009a); %M, Hi— k5P
I A R E S BT 2021 £ 4 H 5
H, 5O — s SCERAR R T 2019 4o i Wk
N, AT LARGUR B R R0 A S ) I bk e
YA, PERVERIENE . PERRPERIARNL . e L
L2 LR B AZ 40 BRIV B 40 G P 3B AT bR 22
AT, LR HAE R H B LAk 4 &
Fe s, EIE 60%, W PERIZH I & L
17.9% ~25.8%, J& 155 47, FERRTERIA .
W P A 240 R AR B R 0 L T o5 R3S 2 10%5
o e, LR g & o R R, 2R
45.8%, FEIRPERLAN M) 5 LE LI, 2975 25.8%,
W R AH MR 20N 13.7%. XU FE

MBI, RBEFZE TR RSN
RINFm; A, DA TR, BHAREHE N/L

KT 1HESL MBI A AL T SR A 5L
WisikA). s, WA~ TR
Mot s & IR — ¥ (Fathinia et al.
2020, Franco-Belussi et al. 2022),

3 RO AT Bl 4 v rh TR 4 AR 9 B2
A E 7 LR R

BHES T, Mg (BE R PR
A0 ) ECE I IS — E R R R G G, T
EL A0 AR = ZERE B DI RE, B0 S SR g%
e >< (Davis et al. 2008, Ruiz et al. 2023).
PR A 53 47 P A 2 PR T 4 AR L A
A G2 REN B Wit HIETE .
B (B, &0 AR EMA S R R
Mo EAh, KA (5 2023a). #FIK (Xiong
etal. 2018) Fliz%i (Santos et al. 2021) Z£ K&
W25 P AR NS .
31 KEMBE RN Y o R 4
BB R R
KT WA 5 AN F K B W B s
DIREI ELECHE AT, DN H5 5 4 Hh T R AR ) I 5t
FI SR AR s B (FK B BREE 2020, 11
A 2023b), PAK ML &8 40 o) LR
A& M (Davis 2009b) %5 J7 i o 4 B
( Lithobates catesbeiana ) . Fk I #& Hr B e
( Polypedates teraiensis) . EI J& #f i (P
maculatus) 1754 BBk i (Chirixalus simus)
ST RMINES M &R A, B
AT S5 350 DAVBR EL A 1) o5 by B, W R R 2
MR, HA#EER S H AL R E(E (Davis
2009b, Das et al. 2012, 2015a, 2015b), Tiifh
Lt (Microhyla fissipes) Wk B4 il () 15 EL e
KB W BRI PR,  HonE TR PRI ) o B
T340 (Hota et al. 2013 ).
e el (Pseudepidalea raddei) ZZ A
JE ¥ LAAR A B S Lo B s, XS
(Davis 2009b) . 3 it vz #4 i ( Polypedates
megacephalus). = LHrfEREE (P maculatus)
ANFG G BE B BEEAR L (Das et al. 2012, 2015a,
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2015b), {HAE T b i bk L 40 B 1C B 0 EE AN B
KEPr BN GETHESE 2018), /- #E 4
YU Bt B B BRI HERE I T % (Davis 2009b).
BB, 26T Wtk g b PORL 2 i ) o G RE K B B
B HERE T B Tt v, IR BRI 45 WA
FIEAE, M N R, X 5680 i A 2L

(Hota etal. 2013), {HAN[R]T- A= fe 0 75 4% 4
kM (Davis 2009b, Das et al. 2015b), 1]
A 5 B Rl AT RS R IR mA Ok (TN %
2 2018),
3.2 TG I Bh M rh oL 0 B A Ik 2
) NS daqin)=2 0]

P Bh )2 SR AR ) B BB R A 2
—, SHAEHESIPIALL, H 5 2Bk
sgm . JERWR: 1D BN EKEA 3%
P, TR RAEKAEM BOL 2R ER B, H B ik
Pt BRI BT BURE 2 Il T SRR 5 M A
VNP HLRE 775 3) T B BT A S R R T
RE2 MR WIS ) BT L2, AT 3 B0RT 4
MG B P B 2, B B B & T
PEs 4) ZRZRERIRIY), WX RS | Ot
TSP EGIR, AT REE N T (S T A B E
il o2 R T RA AT A AES F ARG
R (Iglesias-Carrasco et al. 2017). 3L T2
PR B R ATG SE H TEAR 4 9ok 1B\ SIS B 39
NS s S5 LR I T Rl 2 5 2 00 o T A 30 420 1) 4
JZEDhEE, A4+ (Garcia Neto et al. 2020,
Franco-Belussi et al. 2022, Franco-Belussi et al.
2024, Romanova et al. 2024),
HWET HRRE P AMAMELEL, #ET

EL P 2R AL ER Sy s JE B P 3 X ) 2 A B S5
I ( Scinax x-signatus ) Al JE 4E /R i i

(Physalaemus cuvieri), i34 bk EL4H 1 & b
TG, (HREH R ERR PRI AL B,
P R A AR o L O s, S TR
I R P AL A0 B P 5 3 e, (G
VL2 0 W T S 24 LR B A A0 PRI o B AR
Ui W AN [5] 40 b o0t A2 A4 1 28 B 2% A I B S

(Garcia Neto et al. 2020). Franco-Belussi %5

(2024) LB T LRV s e — 3 DX A [X gz ek
A S5 W4k (Leptodactylus podicipinus)
sk iR A EAE 100 A 40k 4. mEm
PERIZHAR . WP RIA A FRAR A . AR
MR FR MR 40 I A LU 22 5%, R 4 br
SEERRE, 3 ORI 20 S 5 0 Hp PR 2 P
FERZ A BRI e B A DG, 1T B DX Rl B 1 24 P vl
R W R A R Eh A 9%, >k B IX FIZR
X HZFEAMR R g R R Ay S IR S, H
K B I IX (A R A LA e PR 2
JHa o Bt
33 IRBEIS R AT B A vE o kL 4 A R
WEZE L E 2 L

CABH A IR 5 2 ) A R AR R P 858 75
v, THERHAES RS A FEE BN
(Salinas et al. 2024). 4%j (Robinson et al.
2021) FIE 4 )& (de Albuquerque et al. 2024)
o e} S B AR v SR B S D RE R, DA AL
BB RRG Gt AN Bh P id BRI, B
H #5221 5 AW R A 58 s (DI BR S 2022
PLEE BN #E S (Pelophylax nigromaculatus) 37
SRR B FEN B, LUE KA X R, 4 37
HkRHRL B 52 T 50 200 F1 1 000 nm FAR(K. H
AR FE 26 TR LRI 7 dy 2553 5
P EFEKPEFE T dB 14 d, KBUE/KAREH
AR Z4H 6 R b 2L 200 PR 1) E 99 B350 AN B Ak B R 40
PRI ARAL, A HR A A B 4 g o Mk 4
L R0 B 200 PR P B 20 B350 B R e e R AR ok
T AR, (HIESE— R (iR 2022).
AR, A 25 T Bk 3 30 (Lithobates pipiens)
I A g R PR A F 2= S (Shuatler et al.
2011),
34 BE (FEW. LR XTHHESIYIRE PR
4 g ANk B2 40 B 1 43 B R s v

UL ANE, PRS0 A e 2 B 2
AR . AT AR A RIS B I R P B I
SN AR PR AR AR, RIE R AN TIRE
i TEifk (Zapata et al. 1992, Maniero et al.
1997, Raffel etal. 2006, &/=/R 2014, ZFiF%
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2023). SRR 5T, W e i 23 R 2R
PR B 9% RGN D fie (Bakewell et al.
2021, Rollins-Smith et al. 2023). #f5 K,
441 4535 (Notophthalmus viridescens) 1%
ZEDNREE KI5 P2 TR, HE
Pz e fasE il TR MR B R KT,
TP SR SR 2 e TR AL, HAR
LN (Raffel et al. 2006). J&BHES (2010)
KL, FEE A AR E R N, XA
e 5 4B R BBV O, A O 4idE
Wz RELXRRENEFFL. ERRE
(2014) *fHf. HerhfEiEik (Bufo gargarizans)
PR BRI TR I, 25 2 AR ARA o b 35 e )
e, WEPERLAE R E O e R e, H
A, B E o A F s, RERK.
Barriga-Vallejo %5 (2015 ) X & ¥ #1145
(Ambystoma rivulare) [IRFFTRIL, M 10 A
RS A 4 AmARNE), SHEEAENE
gy LE¥BE A o As Ak, REAMEKE 2 10
HAT 11 A4efFicmmtesl, 11 AR TR,
22 RS, mrg PR g | 7t 12
HiE, 28 FFE. 21 ~ 27 C%MEF, K
X R DO e AR A i e i h R R A
R PERLA M PERR PRI N A . BB AL £ A
A M E S Ee S o B (iR B TR AE
2022), f£23~29 CHAMT, FILMERABRSS
4 I R 4 BRI 4 BRI B 4 B TG B
A, AHSR G ER R AH MG 5, 0 Bl
PERLZH AN P AZ A G (IR B RSE 2024).
R AN T v KA ) — SR A B JE 2 BRIV T g
I (Polypedates cruciger) 46 HA%JiE (41 i
B AR AR, 32 CLAME4niE. FAZg
PRI Hh kL0 B AR o be g hn, T v AR Ak
T A T2 2Lk 2 200 1) A T ol P i 1
B (Weerathunga et al. 2020).
35 R RS AE WXt B AT B 40w R 4 i A
WL E 2 LIS
B, OO0 R AR GL i, s O

(chytridiomycosis) fEAERIEHE N MR K, B

W2 T B A Sh A R 5K 4 ) 2]
%22 — (Rollins-Smith 2020, {H3T3FHK 5
W e P 2 R RTIRR ELAR BRI A EE IR R, BA
N 2% B 40 B 00 40 B S A R 2T 1 R
&, MTIHIFE (Bienentreu et al. 2020).

)7 NP e e & ¥ vt o St N kit Tl R S
L 5Pz T MR e HINTA oG, wE R
BIGIN, WRERRE KA T #E [N (Campbell
etal. 2022), 1 B ik 48 A 72 E 9 JTCEE (Xenopus
laevis) EEGLAH R I S AWk D g, LA B A A
SRR FEE NN (Li et al. 20060, X110,
A UG o B IR S LS (Pelodytes
caucasicus) W& 1 K 4 f A &= 3 0 ( Arikan
etal. 2014), {H UL )3 A HUA S iR B R 5
Rl Z B (Boana cordobae) 1] [ 41 iu %k &
A (Pollo et al. 2023); Al k27 A2, HEEL
T (Leptodactylus luctator ) Ik E 4 fifg A1 24
AN &5t 2T+ (Bilhalva et al. 2023). %
TIREE R FEIBET:, SZ2HK
RS D . HF IR 3 8 (FV-3) JERgeHA
ity JTUkE (X, tropicalis), & FF: F 40 i o 282>,
IR v 200 L P 5 B R o BRI, B R 2
MIEC I A, R L R fE BT, B
R PR AN B Az Al T W R A8k (Forzan et
al. 2016); WULERAEGLE, FEMTEER T
gHM, Rt CD8 i H BT, "B 33
MREYH A 2 5E (Morales et al. 2007).

4 N/IL 5MBRMERRKLLESS
BX

41 N/L WIEEEWNEE

P& The Wildlife Leukocytes Website %35t
ih, 2021 44 A 5 HUART, BRAS AR 40T
BHORA A gt #1538 N/L 8l 1
bh, RZEYIR N/L ERSE 0.3 iIX—3E &
IE& ZBRKT 1 EUE S, Wilishy N/L
[FFIIMER 0.34, IEFEJEEAN 0.01 ~ 0.67
(Davis 2009a). N/L il € A & &> (K2
3uDs THEHERR SR A, AMEE A T ARSI
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BT T, R T AR AS B S 0 sk AT
(Davis et al. 2018).
42 NL 5EBREEERRA

2 P AT S A TR ORI, I B
iR (BB AKTPaTtE, XA RS 1E
A I P 4 5 ) e DA AR L A
R TREA R, BN/ 8, WS i3y
i ( Lithobates sphenocephalus) « iz BEEE THE (A,
opacum) FEEEl C1HE (A talpoideum) %5 (Davis
et al. 2010, 2011), fEXAE X L, WAz
HON/L AR R s H SR B e 71 A R
bro SR, Hilndy (S Mm-S EmLt,
N/L ESRTEBRI AR R AR 0%, RIS 7RI 5
Ko, WE Z I IR RO B A RO R
(Davis et al. 2018) o X Ffi 2= 7 r= A 17 5 [K 7 g
5N B TRAA %, HATRES 4R
o AT N30 7 H T e 46 ) B % KT
N/L Rz Jl B & A b — A e br i d &R
PINIBIIIREOKF, A48 (Davis et al.
2018). SMERIEORHE T, B EE/KF AT DATESL
SRR TR, JEAE 1 BR 2 h IRE B K,
I N/L Z/07F 30 £ 60 min P B K (1 a] Py
T YERFAERURI KT RIS M SR T,
SR R B B R T8 1 PR S R ) B
Yy, HRERilEEE TR, XEE (HARR)
S EURMRIR A, B 2 N v
T, EIEAHFMZET, NL SR RRRE
7K (Davis etal. 2018), ¢ EpTid, A
AR SPERIARAE T, EH K (BUED
J 5 T R P B PR A B 0 ) LU R, T A
P PE N A R, B N/L VR NTR 7R RS N
IFERF -
4.3 HAbFm NL FHERER

B, KT HEMsIY N/L FIEse, ¥ &3
MR RARERE B . B KA
RIS genss, 28, 38, 42, 44. 45 F1 46 MM
AT IR, L ON/L HANBE R B M B A2 4k
CGENNHESE 2018). @/RR (2014) KL, HE.

TR AR AR A IR () N/L Y E RS ey, H S
. EKIRN 21 ~27 CZAHER, BGIEAT N
PEBE U FE I 37 BRI AR, (EXT 46 HA
R N/L JCBH Rz (skE5REE 2022), 1M
FEKIE N 26 C. 28 CHIZ0 C%MTF, 26 C
HEIN/L BEm T30 CH4,{H28 CHE26C
A 30 CHBTLHZE R (FEFEIRE 2024).
TE/KIRN 23 °C.25 C.27 ‘CH29 C%MHF,
rh A AR 2 S 4 ) NY/L A D B 2 FrR 4 1)
ZE 5, ULKIRA s N R BiRE ) (ki
SRAE 2024). AR, 4TI KL T B XU,
F AR IR AR 25 5 2 1) N/L A8 PR T 4 A
TR 2 A 2 v TS R A A 2 (f
5% 2023), ARASE BABEORE LI ) N/L B
T EZE s T HAKMAEA (HE5%
2023a). Xt BEMFEEE 37 JHIHELIEAT 50 nm.
200 nm A1 1 000 nm #ifE, PLRIEKA. KA
FEAH . A P 2 RN ik P 2 AR I R R O
OERIE A AR )G, S e 7 85 7d(7d
. JEKIERR 7d (14 d i) A1 14d (21 d I
(7 N/L, & BRI 7K 25 N/L ASBE AL 3R 30 A8k,
HA R BEHHR 7 d I 21 d N EE B,
50 nm A1 1 000 nm 21 d B3EKHEAK, 200 nm
TR 7 d IR ARG, 21 d IS KRG
(WEE 2022, JIWEREE 2023),
44 NIL FASFEERX

AR MR M AR TE BT A AR S AT 72
(1% S FH g 368 3t I i B > it 7 9 AT 2 4 P 4t
REHFFT—BRIT. LAN/L VENREOK T
B, @i — 5 Mt mT DAy (5 R b i
PINESIII BEK o A RIFEERAE TR, Wil
N SRR, 5 AR A e
I8 Sl R A (SNl N O SE s N R
(Costantini 2022). #¥ N/L 5 W04 5%
RAMNAFRIH IR, BRI L
By BUAE K FIARTG S e FVEBE 2 R] IR Rt
HEIAL AR, IR ONER AR A A Pt P AR B0
W IAE AL i) A 8 22 1R ST R BT R R T Bt
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5 RBH¥

ML W PR AE I B A L AR
SrECAT N/L, AT AR SR G . A G e A RLIEL
ISP EEAN R A B S AR sh ) g REIR A, 4
WA D NAE TR = AN 5 T ISR 7T -

5.1 WHESIIE AR B AR A BRAEFE
PRELL

HAr, B5a. ol T st 7 i wiss
IR B R M sk = . R, SRALET
VR YE HINESh ) 43 AL . e $8AR . BT
M A AE VG SR B AR R 3R, RIS & IR
MEEAR (R D; FR, ALEZRIGEZAY
FIHCRAE (BORIE) Hhf. A, K. FiRk
LRSS B, AR R B 2 S (L L il %
Blo & H T P EN PR M A AT RS 5L b i
LA, FE SRR RII R R, B
TE AR AL A ERE T, PRUE M AN AT 2 5
P, AE TR AT LB 7
52 ZHEEMER T Mok 40 B Rk S 4
BB & N/IL 53R R R

A R AR A B AR AR S SR A R A AZ O
WHZ—, TERREEERMWIELT, ML
SEAHIN . FERE M AR R 2EE Bh 2 R T RE S AR AEARL
W% R, NG AIEGY (Stearns 1992, Wikelski
et al. 2001). LK E . MIKAEZ M AE AT
SRRRAE, 5 T Sh A RO AIE T A T AR A R
R TE P B AR B AU AL R ER AR B 25
WIARASHI G e ThRE P I S5 470G . BhE
TR, BOBNRGERE AR Ak, 9%
T SNSRI Z AR st 5T, 24
TIEASRB AT B 7 T, ) AR BRI
VIR Z T fif o A0 Hp R 20 B RN AR A PR 1 ¥
I3 EE B N/L BN AE S 0o, R T
PAFERIEFE R R AR v S B SR AL
(BRI, SRR 7N AT B4 1 A B P S it
TR (GEZEIR 2024, TKERSE 2024).
SR, H AT A 2 JR PR T B — PR = kg
e adiiiiab S Nl R N e W\l Bt e
T, ASRMOSR 228 % K 2258 BAE AL B,

AWM (U AERE (AT Rk
IR B R IR e e B 1) S5 T e - 4R R AR B &
PLIE 2 FU0E & s AR = X
5.3 & e vk oR 4 fa A bk B8 40 BB 2 B R
N/L 5FlsiF BB KRR

bEE NGB g, SRR . SRR
17 BRANAHE S HG s AN RS Gy H 25 )™ =,
PR B0 ) A A7 A0 BB R T A6 /T P A Bk
hi%o BRI AR AR AR Ak AT S R A AT S A 1 A AR
A, JE AT DA S D e -5 Mol 3218 2 [R] 57
BRZR, NI PhRE SN2 3 1) A= BEHLEX — 4
AR T — A3 BB (Carey et al.
1999) ¢ FT R AL F52 AR A AN G 28 2 B H
A, B R mT I P B % 2 1 4
MR E 73 BRI N/L, 5 I (B REERE
VAL KNG I RN SR £ e N R oW K VA i A K3
RGANFH 51 5 RO BEIRAS I 58 2 SR T
KT LD SRS IR KR, H
RIS BRAD SERRBINIE . EARERE R, &M e
ML 23 b R e 20 I e s R i —2H 4 11
Difig, KT N/L 5N BIAE IR R, FESL
B FH B A7 75 R AR AR A 2 3
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