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As climate change intensifies, uncovering the mechanisms that drive species
distributions has become a central goal in ecology, especially for improving
predictions of future range shifts. However, whether behavioral preferences evolve
with environmental conditions and influence species distributions remains rarely
tested. In this study, I investigated how environmental factors shape the evolution of
thermal preferences in species. Using the burying beetle Nicrophorus nepalensis, 1
studied three populations from Hehuanshan (Taiwan), Yangmingshan (Taiwan), and
Sichuan (China). Through experiments on locomotor performance, reproductive
performance, and thermal preference, combined with field distribution data, I
examined the mechanisms behind thermal preference and tested for local adaptation. I
focused on two hypotheses: (1) the physiological performance priority hypothesis,
where organisms prefer temperatures maximizing locomotor performance; and (2) the
reproductive performance priority hypothesis, where organisms prefer temperatures
enhancing reproduction. My results showed that although all populations performed
best at low temperatures (14°C) in locomotion tests, their thermal preferences differed.
The Hehuanshan population preferred 14°C, while the Sichuan and Yangmingshan
populations preferred 17°C, with these preferences having a genetic basis. This
difference reflects varying interspecific competition in the wild. While all populations
shared similar performance of reproductive between temperatures under laboratory
conditions, the Hehuanshan population experienced strong competition at this
temperature in the wild and achieved higher reproductive success at lower
temperatures. In contrast, the other two populations faced less competition at 17°C
and maintained this preference. These findings demonstrate that thermal preferences
reflect reproductive performance under natural competition and represent local
adaptation, supporting the reproductive performance priority hypothesis. I highlight
behavioral preference as a key mechanism linking ecological interactions to species
distributions and emphasize its importance in predicting species’ responses to climate

change and improving conservation planning.

Keyword : Nicrophorus nepalensis, burying beetle, breeding preference,

Physiological performance, Reproductive performance, local adaptation, temperatures
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ek F B4y (IUCN, 20215 IPCC, 2023 ) > #3074 fas 5 =
LRARECEY A %Iﬁmvi-‘%q\}% B x ek 4E2. — (Pecletal,2017)
@AY S EAN A P ad Batk R A # 2 i (Fundamental niche )
(Hutchinson, 1957 ; Shelford, 1911) $4 # R F - R > F A2 HFF 3
T 8 F 2 {4 (Realized niche) % /| ** 9 2 #7ip| 8 02 =t 2 # (Escobar
etal.,2017 ; Sheil, 2016 ) > IR G P 4 Frind Bat X 8 42 H o F %Iﬁgﬂ?
FEE AP FIREEY B 255 Fr i R4 S F 4 75l B
Voae L - ] 477'% & 14 % (Chen et al., 2023 ; Soberon & Peterson, 2005 ) o
Ft cF BB AR R R AR R > LA G RET AL TR
M & & TRAE o

WA R P BRI OG- TR A BLE OB 5 - B
BRAPRZAPERE LT UG RHBT A ZARDBEREFEL AP
2.5 T4 ik | (Physiological performance priority hypothesis) ° &1

2ok & (Ptilomera tigrina ) W4+ @ BiniE GvRkE? 4 55 5 3% KET sk B
spaced) * f2 & (Kimeral., 2022) 5 %8 /§ 5 B (Drosophila) Vi % %1% 4 1
BT E 4 AR R R 9Tk B 4 (Kellermann ef al., 2009 ) ;2 #2382 & ( Melanoplus
sanguinipes ) Th¥F 3 B RRF OE A B AR R p L WA ERT LA A
~A2°C T 19 B % BMEEREAE > B MU R H S PR 4T A

(Lactin & Johnson, 1996) ° #f3 BfFf P FER AT HRSAT Y > ¥ F U fh
R ARIFLARARAOFEPIEE (proxy) » MEEF HRPEERS IF 4o

B A f i $ 4 (Tsai et al., 2020) »

- BHANBRNDZ A ERAERF JIE A ELRDL FRE > AF

2P g2 5 TAmARiEABR ) (Reproductive performance priority
hypothesis) © G4 : % #D A HF >4 ENFIRAZRE - RiF P2 R
MUFE R+ 73 5% & (Dalpasso ef al., 2023 ; Mitchell & Bergmann, 2016) ; # & ¢
ERETEA EARARFR 2 FRBEGCEIEF RE AR > T it S
Fgppi 25 EIE S Akl o ML FTHRAT B0~95% M oA =X
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GBI A 50% - SR kA BB IURR S EER 0 A5 0 &
LML fs A4 8l i ® 4 (Wood & Bjorndal, 2000) 5 4] & < & (Grapholita
molesta) 2 V¢ € B R E3 25~28°C~ 5 F 2 RELFREPFNET 4w 4
PoH P 19°C AT R B AR L2 BEF SR F IR S Sk &
5 5 2 &P 1 Z PF R & -° (da Silva, Kuhn & Monteiro, 2011) e

(TN Mo E LI RBLF - AL VA FIRBELRE A 7S 4R

4% (Conover & Present, 1990 ; Kawecki & Ebert, 2004) - § % [ 223 £ P 5 §27
ek /B4 > HN BB ORES PR AL GREAFCCT TRBFER )
Flet EEA Y A R EFE G TR B R4 A E U E e R R o Bt A

v E T RBRer PR BRE R SR EL R

Flpt o A * R A TR R EFH (Nicrophorus nepalensis ) 1€ 5 B
48 (Sikes et al,2006) kxR AE - R pFREZ A F SRR > i
\m%ﬁwu(mﬁﬁ’mm) P AR L EIR A FEAE L
HFHTRALEY T FEE R (Tsaieral,2020b) HP 2 3 w2 EH 5
H2 BB IEE AR - R DAp Bt enpd e i i o 1245 Tsai ef al.(2020a)
SR EERAGEREL LG FRR TS AHAMARLE X A
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M2 RpFAR

(1) $AGEERTH ¥ WAL EH2Z B SRR LT G 0L P
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FERA T ERIBFNF (AP E T HRERFEE R mREE S g R Ry P
B AR A B4 mA RS W EHE > 1995 (Kawecki & Ebert, 2004)
BRI B RITEEL T RS2 R RE L F 5 (local) » H4R B RIEL %
HHE I FARBE RO KRB ER (foreign) » FEEHPL R AL F 1 iF

BTG D EE LR B WP R R R R B

ZJFi%ﬁ

ANEF 2R AAG L p i RE & (Nicrophorus nepalensis) > H_'E3xe fj
(Staphylinidae) ~ % % " & (Nicrophorus) T ¢h— fA 8 L5 B o Afao #30
TSR ezt -pA~9Y W5 &Kd I F (Sikesetal., 2006)

NHAREY SR AFREAEFD USSR TR RS
LAWY RAT BB ST
# e R S Rl S 3 e G ot BRI E T OF A 14 S ) (Potticary et al.,
Scott, 1998 ; Trumbo 1992) o d *™ ke o p RIEH ¥ fgj%,ﬁ;,_ﬁl;,ﬁxl)g, W F LR
PREE R iy AR TR KA H
¥ (dojis) 22 3 MY 1k 4 (Sikes, 2005; Sun et al., 2014)
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FAn & IT I RS (Suneral,2014) > MEEMTBIERB T AIF %R
HRET FHE G- RERAFTRE A F LR XY MBERBR TR (Tsaietal,

2020a) > FLE R A iR 5N RO R 2 F RBEFAF DL L TS o

AESEKTR Y BRI R T RESN I HRETE A EE ¢ F
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FHR ZF 13825 1~2 B - FHRDEEpPRLPFF 1 70~100 p 2
B R FERE SRS RORE N EF R ATHRD T LRI BHIME E T

# 4 % A& (pronotal width) » ¥ #¥psefeste S22 FH TR LB 45 05 %
PO TR KRB L B R 75 F A 2 2 288 (Beeler, 2002; Hwang, Li, &
Yang, 2024 ; Smith & Creighton, 2022 ; Suzuki, 2009 )

AFTEHEEL B LB 2B RREFEERGE S 2 AR R T
RS R FH X ZERZ AL AT RIS o & B RJLE A B
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2.2.2 4 7 4 B BRI

i?%%“*%@ii%é%%}ﬁéﬁ(@l)’5W%%E@ﬂ¢$§
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ME17°C 22 20°C * MR BHNABEAREREFEER RN 75 0 0F

PR BETEER L HE

doi:10.6342/NTU202501479



%«;,}i% T é] /”\‘;"'J%IE T it 2 v m]ép%%g] ﬁ-; ﬁ;*})\‘;—ys ,lv"\ép‘{\%a_ 'F"Jégc
FEL A D423 Y AR FEKRPINERE G E NS e
% kA K om R B HOBO EiBAR e B TR &k F HER -

YREMASERAY FYERARS VAP FRFAERTRL 750
%ﬁﬁa;ﬂ%%ﬁi%z»ﬁﬁ?%%ﬁﬁﬁé?%?@\M@«nm@w+

v d Rk ERE - BEG RRFRE (10 25 ) 2 F vA#E (scentjar) - HiHE
_F Rl BB R R FIR R R 5 B R LSS -

-

!
n
()Q\
(w

REERIE R LERE MRS e B R A
EEAR e BEMT R RTREE - LR BRI BR R SRR
REREABAREANEPREFERPF RS PETYFLEL oG - B
PRS2 A E A B S il a5
ERFRTIEY{IETRARE R R E
4 2 3B AR o

=5
I
|
==
NG
3
&:’l
|
En
1%
\

?%@F%’ﬁ_iL?ﬁ%—ﬁﬁﬂwﬁiﬁﬁ$ﬁ%%’éﬁ§ﬁ@%

R AT RS EFEEREEE > N TR

‘Q”—L?’}?'_/E)i °Lf§ﬂ+?/2’5?%{‘$ % _%_ ‘}“J’ } “ - —fq\:l aT‘ IK%@_&I'—{ L
(. T

NE 10~17 p)ESEFRET N2 I 228 9up| # % & (Scott,

7%
1

—N

[N

w
|
-
b
e
(=
o
oF
=

¥
%
-

2.2.3 i & RIplE

RFATETERERETEET OLAREREAT AT Y 10~25C
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e fa s o RELLRER G- 2 JIE (Card, 2012) - zxh & F BB
MY E - BB EET EReUITL YR hEH L R (Tsal et al,
20202) &R ARRE T FEIIBLPF L WF LR T L@ LR 2 4%
AFHAL B A LY T AT AT TS iR F RS LD
B T 2eéki7 A F R (walking-to-take-off time ) % i 4 pF 8 £ (temperatures
difference of escape ) % %8 T3 HFH 7 B EEHH RS BRI FHco

FYPEF > LWL e R R R B2 ik R L F % BHETRIR

- pEZ ’fﬂ TIRRIFETEFAIRIN o6 H Lo f BRIRBIEE BEYT P
BRI R E L) d RIEAT BRI E A X R B SET R E e
ez diE BBHENFTHRLIZFIAFETEEI L 15 A4 HEEHE
MO T RIVEARIT VR ER R AR RLAREF AR FE (M
i 2020)
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S M BWECHEE Y AL L FRE(R2) SRR AR TS 150

B/F) o HZEREWPIHRET F A F BN F B0 7RG~ Flig
BBRm T2 (FAGLIE 2 2020) - B0 H B BT & A B B LR
T ERAR CEBRG RS I EFEFAE 10 A8 AN RAEFL R
gl TEREAA BH A A ERERE TR AR AL Lo F 2 > B
RECPE T N RAS R 75 0 BIAR S BAES ARBIEE TR 2R 2§ ~ T
BRI R SR

e

FEEBWAET FAPFFRE LR E a2 > 6 L @RBTE R D
ABPFRRE A AN BIEAAIETIERIE 2T 4 L KRB oard

Y

i

ﬁi%ﬁmﬂimﬂﬁ %ﬂ(ﬁ3)’ﬁm1§aﬂ%£&&£1’@%&
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PR AR At A R (SC305, FLIR Systems Inc. ) 45835 4% (Stavenga et
al,1994) - BF X bk T 4pih ¢ B AE A= & (take-offornot) ~ g # 73
A= § o7 7 PF B ( walking-to-take-off time ) ~ 42 4~7%9 %8 & ( initial thoracic
temperature ) % i#* e ¥ 29 3% 8 & ( thoracic temperature at escape ) & F 3L

(Dudley, 2000; Kenna ef al., 2021 ) o }*F & #-3t = fa8 & 15 % (14°C~ 17°C ~

20°C) AT o (PR REHE R T ER LR R o

2.2.4 4 7@ 4 PR

N

AR ERFEY BERFLARF KR ZERAR T RE = BERER(14°CH17°C
4 20°C) PR BAER  FERARERFES FELRALAR LR
EToHEPREFELE (F4) > D% - AT (99 FFTRL
05 2% ) 2 ppzed A BHEFSERE S AP EBHEE  niFL %
7B 2 dp R

BT RGO ME A 685~825 25 (7525 £10%) 24446 R
(Burkepile et al.,2006) » E3t¢ A5 faFm r» FERE L - B AR A FR
BT R ENHELETI LR o RBEIRERFE S FRFY
10~17 p 2387 > FERidEr @S AR R MG & ozt i
2= A S AR I - VA [ o HrH F g+ R TR E R R (Er:% )
Fiogridlic FHERG  FAFR AL ZFPIRATREZI BE T fH
gAML FRAFAFEREE S A RPHEL R * LR FH 1 95%
WA FR 0 B 1-80°C S R REFARLSITRY (SHFERRY
§ 02009)  ZF SRHEEH TR AR ERETTHE TR F AREER
AAAHET ~FREKEZ LR -

225 B AT R
%?Hiﬁ@ﬁi@%‘iﬁamﬁﬁﬂﬁgﬁﬁpaaffﬁ R AR
b LRI A R AT

SEE
G LA A RSB AR KRR AL T ARBETR T § A
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2.3.1 2 7 iR ¥ E R B
BR¥PE R A A SR B ASE(14-17°C & 17-20°C) T 2 FRER 7 5

2= 38k € (Binomial test) ~ 17 B ZHER 2 Y FFHEY - FR AR
NEEFRE R TGUERBETELAP T (50%) BT R AT

bibs B - R 75

2.3.2 F# 4 BipE
AT g TH FI AR | & Tl gy

o POV ABRTPEFLAT RE* H 75 %8 8515 (ANOVA)
Sl FABLEF R Plro 2 g#c? 2 Kruskal-Wallis ¥ %38 (7 4

ECA I 2
17 > 71 Dunn’s test ¥ 5 = 4% ©_; 42 5 P * Fisher’s exact test i& {7 #& &_°
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2.3.3 2 55 & BRI

FAAR: 5 NE - THONEAR LR B[R o nEEY LT

FTHRPBEFREAT > PHE*EFF R EAT (ANOVA) 27 v g s 7 @
¥ Ak > B¢ * Kruskal-Wallis # %32 {75 & 4 47 » 2 Dunn’s test 1% 5 = %}

T_; B F P % Fisher’s exact test i (7 ¥ ¥_ o

234 8¢ 0% ﬁﬁcfl‘l

SHEHEBEHENH A RRAEET 20 R E H 4G TR SR
LR oAy R F f 2 38N & M4 (Negative Binomial Generalized Linear
Model, NB-GLM ) » = T4 # £ | (individual count) 3 F|%38 > J§ B ¥ 3525 5
pPRAOCRRIFPERFETRLpEEEFHEARIHE (RBELRET ) 2
ATARR I FTEBEFLE 0 SmkE st LT RRE - B % AR 0T
PR R Z ARIEITLAFRIRIE 0 T A E S T = &5 (cubic)

BRI EE Rk ERREBRER LA EFRE AT -

312 ABFRER

PERAREHEHNLERGEET LR A GE > AT F AN TR T
( Binomial test) 4%+ 14°C £ 17°C ~ 12 % 17°C & 20°C & % § BRfc¥fie (s
AT e BEHT o B 14°C & 17°C vt > WE B CEHE L IREF B o
HBa o P A B>t 14°C E# 7T (n=21,p=0.0072) (B 5; % 1-a) » =
MEBE LR EGRET G HF R R R HERS R RS
AR LEER RS ER 17°C e a2 2 % A2 A F oa 2t 17°C 22 20°C h
WY o S HCEHTREELR CEMAR 17°C 2F%E 1Y L1 EHE
(n=18,p<0.001) &2 "3%%¥ (n=21,p=00015) F ¥ > a BP L%
HP % E¥ (n=10,p=0.0768) (B 5; % 1-b)

FRARG o N AXERFATRKRY > RAL IR %G ERBE

“L‘?L\I;v ’/E # 41/}\1&]"“@7%_1?} L;ar_fi—» 78 4 & %E] v Bt i AR -(9:%;1? ﬁ‘;:’:%ﬁ’
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(9 1~2 ] pF) ’Wﬁ“*#“‘ffﬁ“#ﬁf%@ﬁ m2EAp 2 R
R VR PERALIR R AP RZERATR AL o T7 o 2
SR (R6) -

32F% 4R
321 A2 £ 5
B
Hehuanshan

T o ABFAZ BEHENINY AT F LR (Fisher's exact test
n=78,p=0.9018 ; Sichuan :
=71,p=04185) (M7 %

3]

n =88, p=0.066 ; Yangmingshan : n
2-a) o Bgor & S EBAM A 14-20°C ERFEFIPN Y
FxXEEF RS - BAET LEH2 LIRS 5 kg ¥ £ B (Fisher's
exact test, 14°C © n=80,p=0.3861 ;17°C : n=
=0.3731) (W 8: % 2-b)

n="74,p=0.5784 ; 20°C
322 (TR PR

n=283,p
FAPRFREERE 7  MERMMRAEEL > PN BEPFY PEREFLR
( Kruskal-Wallis test, Hehuanshan : n =78, p=0.0012 ; Sichuan: n=288,p<
0.001 ; Yangmingshan : n=71,p<0.001) > &r2E A FHEET (14°C)
ﬁ'&rﬁ mﬂ‘;»fiiiiﬁa(@9,z»3a)

FEHT2Z AR ERMMAEERID (14°C) T 2@ L A2R » B P 233
ar_fi_r—lii;f:’ifﬁ &ET—F—}"— ’J’ WTT)» At ﬁ*—:—
B R ERET N ABRRINEFLER 7
HERTABREFL

22 08 WA

AR F R0
B BT ATZEET
( Kruskal-Wallis test, 14°C

LD N
47 (17°C ~20°C) > 7 F
BEF ehwt X 5 R AAPIT e
n=280,p<0.001;17°C : n=74,p=0.0983 ;20°C
n=283,p=04919) (® 10; % 3-b)
323 3R AL BER
BA R P AIRI R B A MR IR 2 £ 0 ZFEAR S P BAE AERET
KL BrA 4 B R A L % o302 F%EN PR L TR MF T 3 HER
2 ABE o AR RIRT  (14°C) #rFoRE

z_B B £ #% ( Kruskal-Wallis test,
10
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Hehuanshan : n=78,p <0.001 ; Sichuan : n=88,p<0.001 ; Yangmingshan : n
=71,p<0.001 ) (B 1l-a; % 4-a)

PREEET EERFELZ BEAT LKL EASTAARBE L 0 b
20°CHRT™ » A1 /i 2 @A B S e EFE R SR 14°C ~ 17°CHRT G
s oM oande %08 £ (Kruskal-Wallis test, 14°C @ n=80,p <0.001 ; 17°C: n=
74, p <0.001 ;20°C: n=83,p<0001) > HRHFTAFFL; EFLL

(Kruskal-Wallis test * n=83,p=0.398) > w "' 537G g 4 Bif 5 AT ¥ 97
TR zZBAEELL (B 12-as & 4-b)

ZREFENIAFEREEBR T 2LRIR Y T AEFALR L RPFRRERRE
AKd Ma B @ 4e (Kruskal-Wallis test, Hehuanshan : n=78, p <0.001 ;Sichuan :
n=288,p<0.001 ; Yangmingshan : n=71,p<0.001 ) (B 11-b; % 5-a)

AR EER AT 200C 2L HER T AEFAR » & 14°C Pz mEy
R R 3 i3t £ B (Kruskal-Wallis test, 14°C ¢ n=80,p=0.1671 ;17°C : n
=74, p<0.001 ; 20°C: n=83,p<0.001) (B 12-b; % 5b)

LOEEN AT RREAEA TR A SIS T algF L R (Fisher’s exact
test,Hehuanshan : n =53, p=0.1887 ;Sichuan : n=55, p=0.4804 ;Yangmingshan :
n=47,p=0.623) (B 13; % 6-a) > L EARATEEHELEFH 2L A AAHE 7T

P8R S MEFHELPRZ AFHFANOT T B LEERE 17CT

For 5

P EERNI4200C LA 3HF 3o BFLE ) EELEHEERG 2
EH T2 &Ti—fg % @ 1% (Fisher’s exact test, 14°C ¢ n=50,p=0.0143 ;
17°C: n=52,p=0.3241;20°C: n=53,p<0.001) (@B 14; % 6-b)
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332 F A4 1
LoEFEPN A RERT RS S > 1345 Kruskal-Wallis test 27 » ¢ 7 %
~ # ¥ ( Hehuanshan : n =53, p=0.6273 ; Sichuan : n =55, p = 0.2044 ;
Yangmingshan : n=47,p=0.517) (B 15-a; % 7-a) ~ £ % (Hehuanshan : n
=53, p=0.1294 ;Sichuan : n=55,p=0.4401 ; Yangmingshan : n=47,p=0.327)
(B 15-b; % 8-a) % % & (Hehuanshan : n=153,p=0.7496 ; Sichuan : n=55,
p=0.2964 ; Yangmingshan : n=47,p=0.5745) (B 15c; % 9-a) » ¥ &%

FLE

BARERT EAEEG ARE Y CEELEFELLERT LMY R

3 15 P 0¥ (Kruskal-Wallis test, 14°C ¢ n=50,p<0.001 ; 17°C: n=52,p=
0.0149 5 20°C : n=53,p=0.0014) (@ 16-a; # 7-b)

PREFELEITCHT AP ET TR FLRE A 14°CT > EELEF2L S
RERATBEIE E P LERE D A20°CT > SF LR N RHL T RaE
Bp ¥ BT HE P L% 3 (Kruskal-Wallis test, 14°C @ n=150,p=10.0265;17°C : n=
52,p= 0.2898;20°C: n=53,p=0.0249) (B 16-b; % 8-b)

P REEHALRERA TS ARE ’,;L_&E AR AELEHALERT
Iy iRt e 2 P L3 (Kruskal-Wallis test, 14°C @ n =50, p <0.001 ;17°C :
n=>52,p=0.0068 ; 20°C : n=>53,p=0.0018) (K 16-c; % 9-b)

3.4 B FH

B ERAMERLEET P RRRPEREANLERZ & F 4B
T k¥ X B (Temperatures x populations, p<0.001) - H ¥ » & gt &2y 3%
BHAOTBE HFERT (H16~17°C) s BP L%H2 B A RN 3 E 0%
(9 18~20°C) (W17 %4 10-a) > ~F &+ » EELEHE F S HBP L%

a‘i’k7 ’ﬁx]y ,;»E ']%2?%10
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BEAM FRAFRIHLEBN A FERT 22T ST L L

( Temperatures x populations, p <0.001 ) > & g L% 3> 14~ 16°C % F 4+ # &

Bdoiw MEFENFET (ANICH) AT BRI RICARITTE P L

EHPEAREAR S RIS E (B 175 2 10-b) o m 13 Fook Rub b o §h g

AEBRET CUPRERAPERREAOS T RERER SRR HER -

41 2y R2 A RFERALE

AFETRE I ZBRAAFREAEHDOER B SR o VEBP L

HH U 17°C 0 & B RHR] B4 14°C o d HFHBE S WA EED 0 B

‘ I
.

iﬁﬁljﬁﬁlu— |:-"'Tﬁ 41“]’”'7'}3’ i,;g ;I%%i‘r ,ji,/ﬁtj: Q%K{%J,,\% 4#“ i 1]}%%" ,
SAEUE R R E RN SEEES E U

42 % %D L FREFFLAR

AT = BEF R A 14°C ~ 17°CE 20°CT @ &5 ay 4

RIS E N
FAFEPT LR L R SRR E R A R T AR 0
7096 > P TR RAE A PR E T R S ALK F B aAE LY @R iE
f;;b%;o;]:gpti“r T AFFERY P BARE

ochmt A BB AR R > A L HEIE X ] R A B BB ALY N HER G R

T EHEFE AL R IR

(Colinet et al., 2015 ; Glass et al., 2024 ; Heinrich, 1974 ; Kenna et al., 2021 ) - #t

FEE A4 CHER? FREE NFTAFREE g it £ o E7H2

7
EhA R R E 4 EFEA S F D 17°CE 20°CH b atE BT

oA RFELRERFIGPRERD MM ZBREFLIFERAFDER AR

AREELRT AP0 B MR

Aow R R L YRR B4 17°C > 82
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43 L ¥ RAHI LRI FRF LD
AT s AREHFARETAREE LI FER TR AL BERF K
FEHN IR ER TR AL (3 A KE HMEBRER
BoRBATASEAETPT L LEHPE - TLP
BREERT ¢ BRAET 2 HEAS % HAL AT F
oA o MRFRPTMGEER (14°C) TRASTRA AT ¥ ART AL T

Ra wl7°CT > ARmiRipEHET alEP Jv*é%%i:éiﬁ" ff%ﬁ?}:ﬁ_&%?&
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M B RT RS R TS BORH > T g

T4 g AR o

44 RS BELF B8 B
d W@ gL FTHY o0 = BEFanlocal (§F 152 ) & foreign (F kI

E)YRBRIT AR SELEHEET A FIEAE A 14~17°C > 20°C ¥4 A

\'\'N

Z G foreign (P RIRBIEE ) B AR w EHEP L 17~18°C 0 14 5 20°C B>
foreign (*F KRB EE ) BAE B LEFHL 19°C ¥ 3 gt w52 2 #8E »
BB 5 17°C 5 14°C ~ 20°C P /fE>* foreign (#F kR iz ) B A -

FEEPFRARET RS RV ER VR EHSF 2 R
BT AR AL BIEAG b on L4005 HAOBR RS 2R U R A
B o Y A LR G M BT R EA ’%’fﬁ’ii”}#%ﬁﬁ?ﬁﬁmﬁ

I TR ALEBERTEVRE AT FHETF A 14~17°C - %W%Tsaletal

(20202) eAa g P o> S LiRE A R AP > BB LA FEFLER
B14°C e gty MET L EH P A AR e M AREERATRY 0T
fplE GELALBET RIS TG {32 TR A B local (F
EE) MR R e
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e EFHAMET (4°CHT) ey hET 28Y 5 3ET (20°C
PR AR RBEL IR AT A AT A B ELHE G AA LA
T RE R B BEANNT~18°CHE » 75 H local (F i5it) B -sd
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% (Bilueral., 2006 ; Di Giovanni et al., 2023 ) & % ¢ %15 E 7 & ¥ d

WP\—:'ITJ/ kﬁ EEA\‘#F;"/EEO

BEAELY O APRERILEET AT FE SR RMLE Gk E R
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Changes in body temperature during treadmill test
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Prefered breeding temperature
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Offspring metrics across preferred temperatures
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Fly probability across population
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Fly probability across population
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Walking time across population
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Walking time across temperatures
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(@) Body temperature difference among populations
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(@  Temperature difference of flight across population
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Breeding successful rate across populations
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Breeding success Rate across populations
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Offspring metrics at different temperatures
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Offspring fitness across populations
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Field distribution across populations
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(% 1) 2%ELRARBRFRER - (a) 14°C-17°CT
2% o (b) 17°C-20°C™ % *%# Binomial test 2_ 4 47

(2)

(b)

£

3.

%

(a4

AN
RS

## Binomial test 2_ 4" 45

Treatment set up T p_value Odds_Ratio Signif
Sichuan 14 vs 17 1.0000 0.50 ns
Hehuanshan 14 vs 17 0.0072 0.81 *x
Yangmingshan 14 vs 17 0.7744 0.42 ns
Treatment set up T p_value Odds_Ratio Signif
Sichuan 17 vs 20 0.0015 0.14 *x
Hehuanshan 17 vs 20 0.0000 0.00 Ak
Yangmingshan 17 vs 20 0.0768 0.25 ~
39

doi:10.6342/NTU202501479



(% 2) 1 Fisfer's excat test :& {77 & " ¥ 7% | %5 ¥ 242
PRERT2AEKF o (b) B BAT LRHELAKS -

(a)
Treatment Templ Temp2 p_value Odds_Ratio  Signif
Hehuanshan 20 17 0.6862 0.62 ns
Hehuanshan 20 14 1.0000 0.65 ns
Hehuanshan 17 14 1.0000 1.05 ns
Yangmingshan 20 14 0.6099 2.94 ns
Yangmingshan 20 17 0.3463 4.49 ns
Yangmingshan 14 17 0.6957 1.53 ns
Sichuan 17 14 0.1599 343 ns
Sichuan 17 20 0.6045 0.45 ns
Sichuan 14 20 0.0551 0.13 ~
(b)
Treatment Popl Pop2 p_value Odds_Ratio Signif
20 Hehuanshan Yangmingshan 0.3800 0.31 ns
20 Hehuanshan Sichuan 0.3547 0.25 ns
20 Yangmingshan Sichuan 1.0000 0.79 ns
17 Hehuanshan Sichuan 1.0000 0.88 ns
17 Hehuanshan Yangmingshan 0.4158 2.28 ns
17 Sichuan Yangmingshan 0.3946 2.58 ns
14 Sichuan Hehuanshan 0.2769 0.35 ns
14 Sichuan Yangmingshan 0.4868 0.49 ns
14 Hehuanshan Yangmingshan 1.0000 1.42 ns
40
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(% 3) " Dunn'stest £ 7% F%¥2 A FF L7 (a) 2FHALT FE
Fent /A o (b) 7 FIEART L EEHDETAFR -

(a)
group Comparison V4 P.adj Signif
Hehuanshan 14 -17 2.5267626 0.0230 *
Hehuanshan 14 - 20 3.5855483 0.0010 **
Hehuanshan 17 - 20 0.9483441 0.3429 ns
Yangmingshan 14-17 4.0890108 0.0000 HHE
Yangmingshan 14-20 5.1403710 0.0000 HHE
Yangmingshan 17 -20 0.8597258 0.3899 ns
Sichuan 14 -17 4.0882059 0.0000 HHE
Sichuan 14 - 20 5.3271360 0.0000 *HE
Sichuan 17 -20 1.1248187 0.2606 ns
(b)
group Comparison Z P.adj Signif
20 Hehuanshan - Sichuan 0.04099668 0.9672 ns
20 Hehuanshan - Yangmingshan -1.17889215 0.4768 ns
20 Sichuan - Yangmingshan -1.22727187 0.6591 ns
17 Hehuanshan - Sichuan 1.00332168 0.6314 ns
17 Hehuanshan - Yangmingshan -0.79886772 0.4243 ns
17 Sichuan - Yangmingshan -1.78572148 0.2224 ns
14 Hehuanshan - Sichuan -0.43206567 0.6656 ns
14 Hehuanshan - Yangmingshan -3.58657283 0.0010 ok
14 Sichuan - Yangmingshan -3.30554385 0.0018 ok
41
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(% 4) " Dunn'stest £ 774 332 L3P L o4 (a) 2%¥FHEATF R
Ferdgg £ - (b)) 2 FERT 2’?%1“’"’ LR A o
(a)
group Comparison Z P.adj Signif
Hehuanshan 14 - 17 3.299481 0.0019 L%
Hehuanshan 14-20 6.558694 0.0000 ok
Hehuanshan 17-20 3.139458 0.0016 *x
Yangmingshan 14-17 2.419921 0.0155 *
Yangmingshan 14 -20 5.095442 0.0000 oAk
Yangmingshan 17-20 2.485561 0.0258 *
Sichuan 14 - 17 3.003414 0.0053 *
Sichuan 14 - 20 3.814358 0.0004 ok
Sichuan 17-20 0.727112 0.4671 ns
(b)
group Comparison Z P.adj Signif
20 Hehuanshan - Sichuan -3.79362102 0.0002 ok
20 Hehuanshan - Yangmingshan -4.46974662 0.0000 oAk
20 Sichuan - Yangmingshan -0.91448757 0.3604 ns
17 Hehuanshan - Sichuan -0.83459026 0.4039 ns
17 Hehuanshan - Yangmingshan -3.99291914 0.0001 Hoxk
17 Sichuan - Yangmingshan -3.30719105 0.0018 ok
14 Hehuanshan - Sichuan -0.08658662 0.9310 ns
14 Hehuanshan - Yangmingshan -3.32125314 0.0017 *x
14 Sichuan - Yangmingshan -3.37847589 0.0021 ok
42
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(% 5) ™ Dunn'stest £ 774 32 L @ER LT (a) 2%EHALT F R

Rt 3B g o (b) 2 FEART L EEP iR & -

(a)
group Comparison zZ P.adj Signif
Hehuanshan 14-17 -2.317312 0.0204 *
Hehuanshan 14-20 -6.947875 0.0000 ok
Hehuanshan 17-20 -4.576977 0.0000 ok
Yangmingshan 14-17 -2.798918 0.0051 ok
Yangmingshan 14 -20 -5.828244 0.0000 oAk
Yangmingshan 17-20 -2.812047 0.0098 wE
Sichuan 14 -17 -2.491003 0.0127 *
Sichuan 14 - 20 -6.714866 0.0000 ok
Sichuan 17-20 -4.154334 0.0000 ok
(b)
group Comparison V4 P.adj Signif
14 Hehuanshan - Sichuan -1.2967400 0.3894 ns
14 Hehuanshan - Yangmingshan -1.8541346 0.1911 ns
14 Sichuan - Yangmingshan -0.6219664 0.5339 ns
17 Hehuanshan - Sichuan -2.2738017 0.0459 *
17 Hehuanshan - Yangmingshan -4.0132624 0.0001 Ak
17 Sichuan - Yangmingshan -1.9457918 0.0516 ns
20 Hehuanshan - Sichuan -2.9657945 0.0060 Hox
20 Hehuanshan - Yangmingshan -4.6844842 0.0000 ok
20 Sichuan - Yangmingshan -1.9146954 0.0555 ns
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(% 6) 1 Fisfer'sexcattest i {77 A W ¥ 74 %2 Bad s F o (a) L%H
NARERET2ZAAAHF o (b)) PRBERATEAEHZ AR F o

(a)
Treatment templ temp2 p_value Odds_Ratio Signif
Yangmingshan 14 17 0.4837 0.57 ns
Yangmingshan 14 20 1.0000 1.12 ns
Yangmingshan 17 20 0.4730 1.98 ns
Hehuanshan 14 17 0.6012 2.23 ns
Hehuanshan 14 20 0.4595 0.00 ns
Hehuanshan 17 20 0.1905 0.00 ns
Sichuan 14 17 0.2819 0.42 ns
Sichuan 14 20 0.4384 0.43 ns
Sichuan 17 20 1.0000 1.04 ns
(b)
Temperatures  treatl treat2 p_value Odds_Ratio Signif
20 Hehuanshan Sichuan 0.0784 Inf ~
20 Hehuanshan Yangmingshan 0.0002 Inf oAk
20 Sichuan Yangmingshan 0.0707 4.63 ~
17 Hehuanshan Sichuan 1.0000 1.54 ns
17 Hehuanshan Yangmingshan 0.2040 3.71 ns
17 Sichuan Yangmingshan 0.2667 2.43 ns
14 Hehuanshan Sichuan 0.0854 8.22 ~
14 Hehuanshan Yangmingshan 0.0066 14.66 ok
14 Sichuan Yangmingshan 0.4905 1.80 ns
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(4 7) 12 Dunn's test &7 & % RiELABAYT - (a) 2% DT FE
BRTa3 A#icE o (b) 2 F§ );‘r; 2?%1 F N
(a)
group Comparison z P.adj Signif
Yangmingshan 14 - 17 -1.1485817  0.7521 ns
Yangmingshan 14 - 20 -0.5529766  1.0000 ns
Yangmingshan 17 -20 0.6309914 1.0000 ns
Hehuanshan 14 -17 -0.9380870  1.0000 ns
Hehuanshan 14 -20 -0.6774251  1.0000 ns
Hehuanshan 17-20 0.3079163 1.0000 ns
Sichuan 14 -17 -1.7700070  0.2301 ns
Sichuan 14 - 20 -1.1006302  0.8131 ns
Sichuan 17 - 20 0.5728144 1.0000 ns
(b)
group Comparison Z P.adj Signif
20 Hehuanshan - Sichuan 2.8160841 0.0145 *
20 Hehuanshan - Yangmingshan ~ 3.3075566 0.0028 *x
20 Sichuan - Yangmingshan 0.4207885 1.0000 ns
17 Hehuanshan - Sichuan 2.6059955 0.0274 *
17 Hehuanshan - Yangmingshan = 2.4438187 0.0435 *
17 Sichuan - Yangmingshan 0.1114678 1.0000 ns
14 Hehuanshan - Sichuan 3.3398165 0.0025 o
14 Hehuanshan - Yangmingshan ~ 3.5531045 0.0011 ok
14 Sichuan - Yangmingshan 0.2642805 1.0000 ns

45

doi:10.6342/NTU202501479



(% 8) 12 Dunn's test &7 & %32 5

BTt AEg o (b)) 2 ERTHAR%REZIFIAELEE

ST BN Nl
(a4 ’~3P'$’3 g FE’LW-

(a)
group Comparison Z P.adj Signif
Yangmingshan 14-17 -0.4864332  1.0000 ns
Yangmingshan 14 -20 0.9937180 0.9610 ns
Yangmingshan 17-20 1.4523050 0.4392 ns
Hehuanshan 14-17 0.9593356 1.0000 ns
Hehuanshan 14-20 2.0202411 0.1300 ns
Hehuanshan 17-20 0.9907099  0.9654 ns
Sichuan 14-17 -1.2736111  0.6084 ns
Sichuan 14-20 -0.5468179  1.0000 ns
Sichuan 17-20 0.6720477 1.0000 ns
(b)
group Comparison Z P.adj Signif
20 Hehuanshan - Sichuan 2.0085188 0.1337 ns
20 Hehuanshan - Yangmingshan 2.5404572 0.0332 *
20 Sichuan - Yangmingshan 0.4719253 1.0000 ns
17 Hehuanshan - Sichuan 1.5672393 0.3511 ns
17 Hehuanshan - Yangmingshan 0.6906741 1.0000 ns
17 Sichuan - Yangmingshan -0.7668680 1.0000 ns
14 Hehuanshan - Sichuan 2.6237530 0.0260 *
14 Hehuanshan - Yangmingshan 1.8239995 0.2044 ns
14 Sichuan - Yangmingshan -0.7596939 1.0000 ns
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(% 9) 2 Dunn's test &7 & %3 2
3 AR EL T (b)) ERAEAT A REEZF ALY

-

—+

RmEAm e (a) &

(a)
group Comparison Z P.adj Signif
Yangmingshan 14-17 -1.0179413 0.9261 ns
Yangmingshan 14 -20 -0.2648831 1.0000 ns
Yangmingshan 17-20 0.7765642 1.0000 ns
Hehuanshan 14-17 -0.3397080 1.0000 ns
Hehuanshan 14-20 0.4093518 1.0000 ns
Hehuanshan 17-20 0.7553860 1.0000 ns
Sichuan 14-17 -1.5524453 0.3616 ns
Sichuan 14-20 -0.9390904 1.0000 ns
Sichuan 17-20 0.5302397 1.0000 ns
(b)
group Comparison Z P.adj Signif
20 Hehuanshan - Sichuan 2.88959715 0.0115 *
20 Hehuanshan - Yangmingshan 3.14377952 0.0050 ok
20 Sichuan - Yangmingshan 0.19488831 1.0000 ns
17 Hehuanshan - Sichuan 2.99231504 0.0083 ok
17 Hehuanshan - Yangmingshan 2.42302064 0.0461 *
17 Sichuan - Yangmingshan -0.28206639 1.0000 ns
14 Hehuanshan - Sichuan 3.37510051 0.0022 *x
14 Hehuanshan - Yangmingshan 3.27659299 0.0031 ok
14 Sichuan - Yangmingshan -0.04697624 1.0000 ns
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(210) 2¥ RRLPFREAL R T AF o (a) 2E RRAFAFAL
PRERT2ZATEASY o NB-GLM ¥ jF#4 o (b) 23 F R AT RIEAT
& #8447 o NB-GLM w4 -

(a)
Parameter Coefficient SE CI z p_value Signif
(Intercept) 3.1269072 0.19400657 095  16.117533 <.001 Hokk
I(scale(Tmean)*3) 20.3421726  0.08798214 0.95  -3.889114 <.001 sk
I(scale(Tmean)*2) -1.6964938  0.17735843  0.95  -9.565341  <.001 sk
scale(Tmean) 0.8474904 0.22095127 095  3.835644  <.001 Hokk
LocalitySichuan -1.5758967 025357069 0.95  -6.214822  <.001 Hokk
LocalityYangmingshan -0.8540933  0.29860831 0.95  -2.860246  0.004 Hk

A . 1
I(scale(Tmean)"2):Locality | he34996 046670308 095 2321604  0.020 *
Sichuan
A . 3

I(scale(Tmean)"2):Locality 5740057 020493478 095 2555877  0.011 x
Yangmingshan
scale(Tmean):Locality 0.6310077 0.32567047 0.95  1.937565  0.053 ~
Sichuan
scale(Tmean):Locality 0.5472030 023831315 0.95 2296151  0.022 *
Yangmingshan

(b)
Parameter Coefficient SE CI z p_value  Signif
(Intercept) 310550492 1.576271234 0.95  -1.97015898  0.049 *
I(Tmean”2) 20.02176782  0.007154134 095  -3.04269035  0.002 *o
Tmean 0.68822745 0216957225 0.95  3.17218038  0.002 o
LocalitySichuan -0.30106900 3377021088 0.95  -0.08915224  0.929 ns
LocalityYangmingshan 6.53516953 1.993579117  0.95 3.27810894  0.001 ok

A . 1
I(Tmean”2):Locality 0.01085543  0.014046136 095 077284094 0440  ns
Sichuan
A . 3
I(Tmean"2):Locality 0.03537380  0.008415980 0.95 420317057 <.001  ***
Yangmingshan
Tmean:Locality Sichuan ~ -0.21750495  0.440269432  0.95  -0.49402691  0.621 ns
Tmean: Locality -1.05927010  0.265626093  0.95  -3.98782398 <.001
Yangmingshan
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