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Fig.1 A butterfly Tirumala melanea (Nymphalidae)
feeding on a nectar plant Praxelis clematidea (left) and a
butterfly Lamproptera meges (Papilionidae) exhibiting
water imbibition at the stream margin (right)

1.2 BERFE
121 SRS HARAE  AUERHHLE (line-
transect method ) X V4K 300 ~ 1 100 m i [l P 4] 5
Z RS T IR A . LA 100 m Sk i 4K R B R
300 ~ 1 100 m ¥FH R 30 8 A2 g4k U
A D], 7E AR 100 m 3K X 8] Y, 2545 L 1A
T, MRS B LR 5 B A SR T ke, 29503
B 3K 1000 m AL (R 1. AN
AT 2024-11-26—2025-06-27 V5 | iR Ff 25 A5
(29 1 km-h™), JERAFL MM TE 3 m, £J7 5m
00 L AT DAL ) S S I R AR

Xof FIEvE B PR A A A, AP A R g (g
HA% 38 cm, TR 70 cm) #HEATHER, FHAGSAHML(H:
AE SX7OHS ) FAHR A7 8 1E s 1 i £ 55 GB35
FHILS OB . PRI E S inaturalist 350,
Yyh o322 (b IR A 3 s PR )P BT A A
A RLER W K3 Oh T 3 90 H H S
TR A i B2 (9:00—16:00) AT, LA 7 40y
T ZZARPEBETRE o Oyt G I A5 IV Xof M8 22
FIRENE , BT A AR R T BEHLIUT BEA T 98 4, IF5E 4
HN A B A 10 WK, SRR EIRRZ) 13 d.
122 FREMSHHRAE HHRITTEY RN
W B 2 AR B SR, AR AR R T A R R AR 2
P A [F)I, ICSRARL P 3 m G A T AT R R
VIR R R S8R . B Y AR RE I LIAEE | 1B
¥y Ry BB IR DT AL S Py () 85 ) S Ak mT )
MBIEE | AR aSHAL TS A YY), 2R
Y YRS 822 (R Y 5™ f



5 ]

R 305 i v A T PR R 2 e 9 0 Py XS 2 R e FAOH JEA JR) e S [ 7 845

R1 BRLERGBREGRE EREVTEEMFEE MIRNMEY FEETRAEESE

Tab. 1 Elevation, temperature, humidity, individuals and richness of nectar plants, and individuals, richness and sample
coverage of butterfly species for each transect
p PRI SRR e sommmrane mmpc e O
Transect Elevational Elevation _Bl?tt,e rily Butterfly richness Nectarplant richness Temperature Humidity Sample
range individuals coverage
S1 378 1289 55 22 22.780 28.2 0.997
S2 300 ~ 400 386 503 48 30 22.188 26.1 0.994
S3 395 1068 54 31 / / 0.993
S4 417 395 41 18 22.280 26.1 0.990
S5 400 ~ 500 446 416 35 26 / / 0.981
S6 480 325 33 23 22.178 28.7 0.985
S7 517 595 45 27 22.126 29.0 0.997
S8 500 ~ 600 548 596 52 24 21.755 31.8 0.990
S9 580 561 42 23 21.336 30.0 0.995
S10 616 472 45 43 21.199 27.2 0.994
S11 600 ~ 700 645 790 47 41 20.623 28.1 0.998
S12 680 651 59 44 21.513 30.2 0.989
S13 715 768 51 37 20.879 29.9 0.996
S14 700 ~ 800 748 669 45 35 21.052 322 0.996
S15 783 749 48 27 20.789 32.5 0.997
S16 815 579 43 35 19.767 32.0 0.998
S17 800 ~ 900 848 635 43 33 20.368 34.0 0.995
S18 882 656 50 34 20.333 28.0 0.994
S19 917 511 43 40 / / 0.996
S20 900 ~ 1 000 949 563 43 28 19.455 31.3 0.993
S21 982 607 43 42 18.116 353 0.995
S22 1011 739 39 32 19.895 373 0.997
S23  1000~1100 1026 775 46 32 19.828 37.6 0.994
S24 1041 570 34 34 18.919 31.4 0.997

T /7 RN AR T B AR -

Note: “/” indicates data not available due to equipment failure.

E A &)™ AR ey &R Y F 5 R
(richness of nectar plant, RichN)” % Sk £ 2k FR LK
PN 3 m S A TSR3 1 i A S8 AT P i R
123 AR TFaR BREFREDZHEEZ
Ab, 1§ 3K (elevation) . ik FE (temperature) Fl 4 FE
(humidity ) 3 7] B8 X W1 22 A M 7 A S 1, A
5T DL 4 B B ] v10.3.6 (b 50 T A= 48 M4
FBRAT] KGR+ 4 m) 10 SRS LR UL i

PR, WU SR LR A5 L AR A B AR R
IR . LU LA T e
JR A AR, il P - 3R R 2 52 { (TMS, TOMST
company, Czech Republic) I 1l & 2 1 5] % & 15 5
R R 728 Ak, 32 0 U B R B2 A SR M
VERZAE L BT 08 BE (LA T FR IR ED ) FF- 143
JFE (DR TR ) FH T 5 288 74 o

1.3 BiESH AU A B T E R



846 P EMFER (L) J Trop. Biol.

v4.5. 1 AR AT, Sl INEXT B it
TR 2 W A A o 8 e 7 55 B DAPPA LRV i A
SEREENE L R AT YR B VR 2R AT T
LU PE TR BURS gV, AR RIBR T A A AR 2
S MAEECT 3 P FRee,

ARG AL TS o Z R (R =5 6 B LR
MAFO RSN 2, AR R T LAEA L A
MR RE . VAR 5 o A A PR AR Lk
o] YA Y 3 AT i T A 2 A Y ) o 2 24 i
Shapiro-Wilk #5661 7 IE A PR L, [ A58 22
M R (VIF) K 22 B L2V, 0 DR BT A g9 AR5
AU AR 5 VIF < 10, A MuMIn 30407, BT
16 1E B 2 A B vE D] (ATCe ) A PR R e 5 . it
G, Rk e MRS A AT, i mgev AR
R T T PR (GAM) B (REML 14 ), H)
Wr ik | AS i S Z R AR AR TE D AR
KHo

SRARGE IR A B WS 7 ) o 2 LR 4 5
) ) b 20 W0 A2 A, {8 betapart 172 11
. Serensen Z2 1 V& 1SN TV AH S 1 35 28 (Bsor
N Boor) « D0 JE 5% (B FN Boin) FH 2 2 (B F
Pene) 28533 H P, Bsor = Bsiv + Bsnes Bsor = Bsim + Paneo
SRy it T M R X ] O A R T, i
vegan ALY 54T Mantel K555 S84 52w A+
Tl 4G o DR G B 0 R O, PR B S 5 %o b A
AHSPEFE B AR G

2 HERESWH

2.1 RIEMIRAMEBARBER AT I I S
WE 15 482 3k, I8 5 BF 202 Fh . SRR (Y g 22
TRASARH 325 ~ 1289 3k, A 7 55 R 0.981 ~
0.998(5& 1), W/RAHIFE T 24 SFEL A e #1k
L/ aN

Tl A B 1) 51 % DL gk 3¢ B (Nymphalidae) . #7
IRl (Pieridae ) Fl JK M Rl (Lycaenidae) & 4, HA~
AR o ) R S AR L A8 43 01 65.6% . 17.0% Fi
12.8%, H Al AL b X8 B} (Papilionidae ) £l 57 i £}
(Hesperiidae), i b3t 4.5%(& 2) .
2.2 WRIREEE o SHEME BONRRLS R BN, R
TRt W A o = B A, (W) % ¥R (temperature)
IR FE Y £ 5 B (RichN) 2H 4 (A 75 A S A%
(1) ATCc {E AR i AR (36 2) . ARl

2026 4F
100 Iz o | 453K} Pieridae
75 2| | KR Lycaenidae
IRl Nymphalidae
HAbF} Other families

[N
W

L. 15] Proportion/%
i
[«]

S

WK Elevation/m

B2 AEERF MR E 6 b 5]
Fig.2 Proportion of butterfly individuals at family level
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Tab.2 Model selection results for factors influencing
butterfly richness

i Model AICc AAICc HUE Weight
IR+ ERERY £ w
Temperature + RichN 137.6  0.00 0.445
ZE 17 Empty model 139.8 223 0.146
IR Temperature/C 140.1  2.49 0.128
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Pl 2 & B A I 0 E R, ASE TR R R i R R O
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74.1%(&1 3)
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FRECSE A W IR , W % 1] S 1 P 4 AR S
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Tab.3 Univariate and multivariate regression models for
butterfly richness

A AR 2
Univariate model Multivariate model
ETEESS: b RREC
Coefficient Coefficient
HIRAEY)
TR 0.185 0.339-0.002 0.446 0.031
RichN
vyH B
R/ 1.707 0.139 0.065 3.097 0.016
Temperature
(RN
Overall 0.031 0.243
model
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Tab. 4 Model selection for factors influencing butterfly

individuals
FiAIMode AICc  AAICc MU Weight
23R Null, intercept only  283.9  0.00 0.612
2% Humidity 2859 1.97 0.228
IRJ¥ Temperature 286.6  2.69 0.160
x5 BISNMABERMEFHOE AL ERPSTER

Tab. 5 Simple linear regression between butterfly
individuals and influencing factors

[m19 2% Coefficient P R

4K Elevation 0.034 0.869 —0.051
1RJ¥ Temperature 8.291 0.821 —0.050
1% Humidity 1108.0 0.409 —0.015
HIFARY) 5 RichN 0.785 0.897 —0.052

(Bsor) A 0.887, H: vy B Ji] i 20 53 (Bspw) i A
B ZHREVE) 98.1%.
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I (7=0.455, P<0.01) . {2 & (+=0.244, P<0.05)Fl
BRI B (r=0.334, P<0.01) 5 METEVE B,
BB EAROG; WISV Boe S TR SR R T X500 i
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Fig.3 Nonlinear relationship between temperature and

butterfly individuals

TE: BISZHR 3R 95% 85 X IA], 7 #2% butterfly individuals =
642.24 + s(temperature) + &, butterflyindividuals>hy 8] # A~ & % ,
s(temperature)fCZRIREE (9 T 1B, efCRSR2E

Note: The shaded area represents the 95% confidence interval. The
equation is butterfly individuals = 642.24 + s (temperature)+ &, where
butterfly individuals denotes total butterfly individuals for each transect. s
(temperature)denotes the smooth term for temperature, and & denotes the
residual.
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Fig. 4 Significant results of Mantel tests between butterfly community dissimilarity index S, (A, C, E), species turnover
Psim (B, D, F), and distance of influencing factors (elevation, temperature, humidity)and nectar plant g, (G)

300 ~ 3 000 m A6 BE 4 & L ey 2 WP 87, 7P L 34 S5
TR A T BRI 5 M S R A R A%, B
ol ) % T mR 2 R R 0N o IRAE ) A R
Biim XTI B A 26 B 5835 52 M, LSO g e
B B KRV (Boo ) FEAEML 3 1 0N, FLIZZUN
1 P SR 3 0 1K 0 4k L T T W X 1 B 2

BEE T8 B0 BK S RL L, B VRA W) Boor FKT ) I
Pror TEAE B Z 400 (r = 0.334, P < 0.01), {HIAE ]
SR BN TR (r = 0.614, P < 0.01) 53R (= 0.455,
P <0.01) RN, X5 Zellweger Z5H00 X KR 35
Ly R F 9 4598 — B % WF IS IESE AR ) B 2 REE
RS TR B R 0 TR B, (LR N



5 ]

R 305 i v A T PR R 2 e 9 0 Py XS 2 R e FAOH JEA JR) e S [ 7 849

U B35 Wi PR =5 T 4 2ok PR 2o DA T 9K Bl 1Y)
BT o3, AT e B ZREMEIE U B 230 ), #E
Wy Ve 1 R T 2 R PR O e A TS A0 R Bl 25
Fo Gf DR, AR R 26 IR AR, R
A BT R TRAEY) B 2R SRR R B
S5 RN e [ B0 36 1 VA e A T A [ A el
0 XU B AR RIS AR SR
4 #F it

KNS & TR N E PN E RS
Fr D RS 5 B R ) A ] S8 i AR )
Fifr = 2, MRS R R R 2 AR LMY
s EHRGE RS IR | R AN AR Y B 2R
M PR 0 1, 3252 DA ol o) 2 kg A 1) g AR
7% B ZREVESY 5, R WA ISR S0 W B0l IX
ISR 22 REPE AT SRR DTRR o AT 50 1 Ay T e Pty
AR G5 el SR b AR R P Rl — e 2%
Bigt: R P AR E A B RIS R X AR T LA T
RS H W F R 2 R ARbR 2 ot R 3t 1o 7 B A1 o e 10
FIR T R T L A — IRl
SRR MR 1, B 1,20 https:/rdswxb.hainanu.edu.cn/
article/doi/10.15886/j.cnki.rdswxb.20250173

S 3Lk

(1] B3R, SEE3h, 1 1158, 55, 2 B = 22 0T LU b DX 1 e
ZREE ] LEW 2 FEME, 2021, 29(7): 950-959. hitps:/
doi.org/10.17520/biods.2020486

(2] XIS, AL, sRPE, 5. 0A BV LA ) M4k T 7.
SIS 2R I RE RN (U], AR AR, 2025, 45(7):
3461-3473. https://doi.org/10.20103/j.stxb.202401020012

[3] Villasefior-Amador D, Benites P, Sandoval-Becerra F M,
et al. Unravelling high insect diversity and community
turnover along a tropical-temperate elevation gradient: a
metabarcoding approach [J]. PLoS One, 2025, 20(7):
€0327884. https://doi.org/10.1371/journal.pone.0327884

(4] PN, BROCK, 8K SR, 55, Z2 W AN TRl e 4k R B3
- XF A= W) ek e R T Sk s (3], AR A2k,
2023,42(11):2702-2711. https://doi.org/10.13292/1.1000-
4890.202311.019

(5] B AL, AR, B, 45, TURtZhil (PR AR
RS PRI AP 25 A3 AT RAE (D] i Rl R
2f2E R, 2023, 28(5): 189—199. https://doi.org/10.11841/).
issn.1007-4333.2023.05.17

[6] Nowicki P, Settele J, Henry P Y, et al. Butterfly monitor-
ing methods: the ideal and the real world [J]. Israel Journ-
al of Ecology & Evolution, 2008, 54(1): 69—88. https:/
doi.org/10.1560/1JEE.54.1.69

[7] Kumar S, Simonson S E, Stohlgren T J. Effects of spatial
heterogeneity on butterfly species richness in Rocky
Mountain National Park, CO, USA [J]. Biodiversity and
Conservation, 2009, 18(3): 739-763. https://doi.org/10.
1007/s10531-008-9536-8

Forister M L, McCall A C, Sanders N J, et al. Compoun-
ded effects of climate change and habitat alteration shift

[t

(8

patterns of butterfly diversity [J]. Proceedings of the Na-
tional Academy of Sciences of the United States of Amer-
ica, 2010, 107(5): 2088-2092. https://doi.org/10.1073/
pnas.0909686107
[9] Pinkert S, Farwig N, Kawahara A Y, et al. Global hot-
spots of butterfly diversity are threatened in a warming
world [J]. Nature Ecology & Evolution, 2025, 9(5):
789—-800. https://doi.org/10.1038/S41559-025-02664-0
[10] Acharya B K, Vijayan L. Butterfly diversity along the
elevation gradient of Eastern Himalaya, India [J]. Ecolo-
gical Research, 2015, 30(5): 909-919. https://doi.org/10.
1007/s11284-015-1292-0
[11] Cémbita J L, Giraldo C E, Escobar F. Environmental
variation associated with topography explains butterfly
diversity along a tropical elevation gradient [J]. Biotrop-
ica, 2022, 54(1): 146—156. https://doi.org/10.1111/btp.
13040
[12] 5k, 2200, BRIG =, 55, 2808 VY BOHb X ISR EVE Z 0%
M SRR [T]. A2 R, 2023, 31(1): 215~
240. https://doi.org/10.17520/biods.2022272
(13] Zefps, ZMILL, FRsR SR, 2. | AR E BRI % A
SRORAP DX 22 B HG DX 2R 20 A L0 Aol i A
X, 2024, 49(1): 51-57. https://doi.org/10.3969/j.issn.
1671-3168.2024.01.010
[14] Beirdio M V, Neves F S, Fernandes G W. Climate and
plant structure determine the spatiotemporal butterfly
distribution on a tropical mountain [J]. Biotropica, 2021,
53(1): 191-200. https://doi.org/10.1111/btp.12860
(15 23, D7, WRAR D5, 55, B AT 45 B 2 01 e 1
A R I e AL 2R e (], )P AE ),
2020, 40(10): 1505-1513. hitps://doi.org/10.11931/
guihaia.gxzw201808024
[16] Wang G Q, Scherson R A, Vera D, et al. Spatial pat-
terns and drivers of native plant diversity in Hainan,
China [J]. Journal of Systematics and Evolution, 2024,
62(4): 603—620. https://doi.org/10.1111/jse.13017
(170 BRI MG, 15 & WA= ) 2 BEVERIT S (D). M - 4
Al K24, 2021. https://doi.org/10.27152/d.cnki.ghanu.
2021.001366
(18] 1EFE 2. E B4 WY RFUS [ SRR AP X R B IR 5 5 %
FEMERFSE [D]. T : AERa Al K2, 2021. https://doi.
org/10.27152/d.cnki.ghanu.2021.000964
(197 v =5 ) 0. ey L rb [ -A 7 W v |31 PR R AR R
[EB/OL]. [2025-06-10]. https://www.chinanews.com/
tp/hd2011/2025/06-10/1154636.shtml [2026-07-08].
[20] iNaturalist. iNaturalist [DB/OL]. [2026-02-17]. https://
www.inaturalist.org/observations.


https://rdswxb.hainanu.edu.cn/article/doi/10.15886/j.cnki.rdswxb.20250173
https://rdswxb.hainanu.edu.cn/article/doi/10.15886/j.cnki.rdswxb.20250173
https://doi.org/10.17520/biods.2020486
https://doi.org/10.17520/biods.2020486
https://doi.org/10.17520/biods.2020486
https://doi.org/10.17520/biods.2020486
https://doi.org/10.20103/j.stxb.202401020012
https://doi.org/10.20103/j.stxb.202401020012
https://doi.org/10.20103/j.stxb.202401020012
https://doi.org/10.1371/journal.pone.0327884
https://doi.org/10.1371/journal.pone.0327884
https://doi.org/10.1371/journal.pone.0327884
https://doi.org/10.13292/j.1000-4890.202311.019
https://doi.org/10.13292/j.1000-4890.202311.019
https://doi.org/10.13292/j.1000-4890.202311.019
https://doi.org/10.13292/j.1000-4890.202311.019
https://doi.org/10.13292/j.1000-4890.202311.019
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.11841/j.issn.1007-4333.2023.05.17
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1560/IJEE.54.1.69
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1007/s10531-008-9536-8
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1073/pnas.0909686107
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1038/S41559-025-02664-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1007/s11284-015-1292-0
https://doi.org/10.1111/btp.13040
https://doi.org/10.1111/btp.13040
https://doi.org/10.1111/btp.13040
https://doi.org/10.1111/btp.13040
https://doi.org/10.1111/btp.13040
https://doi.org/10.17520/biods.2022272
https://doi.org/10.17520/biods.2022272
https://doi.org/10.17520/biods.2022272
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.3969/j.issn.1671-3168.2024.01.010
https://doi.org/10.1111/btp.12860
https://doi.org/10.1111/btp.12860
https://doi.org/10.1111/btp.12860
https://doi.org/10.11931/guihaia.gxzw201808024
https://doi.org/10.11931/guihaia.gxzw201808024
https://doi.org/10.11931/guihaia.gxzw201808024
https://doi.org/10.11931/guihaia.gxzw201808024
https://doi.org/10.1111/jse.13017
https://doi.org/10.1111/jse.13017
https://doi.org/10.1111/jse.13017
https://doi.org/10.27152/d.cnki.ghanu.2021.001366
https://doi.org/10.27152/d.cnki.ghanu.2021.001366
https://doi.org/10.27152/d.cnki.ghanu.2021.001366
https://doi.org/10.27152/d.cnki.ghanu.2021.000964
https://doi.org/10.27152/d.cnki.ghanu.2021.000964
https://doi.org/10.27152/d.cnki.ghanu.2021.000964
https://www.chinanews.com/tp/hd2011/2025/06-10/1154636.shtml
https://www.chinanews.com/tp/hd2011/2025/06-10/1154636.shtml
https://www.chinanews.com/tp/hd2011/2025/06-10/1154636.shtml
https://www.chinanews.com/tp/hd2011/2025/06-10/1154636.shtml
https://www.inaturalist.org/observations
https://www.inaturalist.org/observations

850 P EMFER (L) J Trop. Biol.

2026 4F

(21] AR, A5, Bralids, 5. b [ 2k % s K 4% M.
PR FPORAA ML, 2018, 1-4.

[22] BAMeHE. W ra R [M]. Jbst: Bl AL, 1964.

(23] HE BB Y S g b1 2. TP RS M.
Jeat: Bl e, 2004.

[24] R Core Team. R: a language and environment for statist-
ical computing [CP/OL]. (2025-06-13) [2025-11-09].
http://www.R-project.org/.

[25] Chao A N, Gotelli N J, Hsieh T C, et al. Rarefaction and
extrapolation with Hill numbers: a framework for
sampling and estimation in species diversity studies [J].
Ecological Monographs, 2014, 84(1): 45—67. https://doi.
org/10.1890/13-0133.1

[26] Poos M S, Jackson D A. Addressing the removal of rare
species in multivariate bioassessments: the impact of
methodological choices [J]. Ecological Indicators, 2012,
18: 82-90. https://doi.org/10.1016/j.ecolind.2011.10.008

[27] Barton K. MuMIn: multi-model inference [CP/OL].
(2025-04-01)[2025-11-09].https://doi.org/10.32614/cran.
package.mumin.

[28] Wood S N. Generalized additive models: an introduc-
tion with R [M]. 2nd ed. New York: Chapman and Hall/
CRC, 2017:325-404. https://doi.org/10.1201/978131537-
0279

[29] Baselga A. Partitioning the turnover and nestedness
components of beta diversity [J]. Global Ecology and
Biogeography, 2010, 19(1): 134—143. https://doi.org/10.
1111/5.1466-8238.2009.00490.x

[30] Dixon P. Vegan, a package of R functions for com-
munity ecology [J]. Journal of Vegetation Science, 2003,
14(6):  927-930. https://doi.org/10.1111/j.1654-1103.
2003.tb02228.x

[31] Pires A C V, Barbosa M, Beiroz W, et al. Altitudinal
variation in butterfly community associated with cli-
mate and vegetation [J]. Anais da Academia Brasileira
de Ciencias, 2020, 92(S2): €¢20190058. https://doi.org/
10.1590/0001-3765202020190058

[32] Gallou A, Baillet Y, Ficetola G F, et al. Elevational
gradient and human effects on butterfly species richness
in the French Alps [J]. Ecology and Evolution, 2017,

7(11): 3672-3681. https://doi.org/10.1002/ece3.2803

[33] Molleman F, Moore M E, Halali S, et al. Larval growth
rate is not a major determinant of adult wing shape and
eyespot size in the seasonally polyphenic butterfly
Melanitis leda [J]. Peer], 2024, 12: e¢18295. https://doi.
org/10.7717/peerj.18295

[34] Hoiss B, Krauss J, Potts S G, et al. Altitude acts as an
environmental filter on phylogenetic composition, traits
and diversity in bee communities [J]. Proceedings of the
Royal Society B: Biological Sciences, 2012, 279(1746):
4447-4456. https://doi.org/10.1098/rspb.2012.1581

[35] Dennis R L H, Shreeve T G, van Dyck H. Habitats and
resources: the need for a resource-based definition to
conserve butterflies [J]. Biodiversity & Conservation,
2006, 15(6): 1943—1966. https://doi.org/10.1007/s10531-
005-4314-3

[36] Sanchez-Davila J, Traveset A, Colom P. Effects of food
availability on butterfly diversity and network specializ-
ation across altitudinal levels in a Mediterranean land-
scape [J]. Biodiversity and Conservation, 2024, 33(1):
239-256. https://doi.org/10.1007/s10531-023-02745-1

[37] Kingsolver J G. Thermal ecology of Pieris butterflies
(Lepidoptera: Pieridae): a new mechanism of behavioral
thermoregulation [J]. Oecologia, 1985, 66(4): 540—545.
https://doi.org/10.1007/bf00379347

[38] Checa M F, Barragan A, Rodriguez J, et al. Temporal
abundance patterns of butterfly communities (Lepidop-
tera: Nymphalidae) in the Ecuadorian Amazonia and
their relationship with climate [J]. Annales de la Société
Entomologique de France(N. S.), 2009, 45(47): 470—486.
https://doi.org/10.1080/00379271.2009.10697630

[39] Dewan S, Sanders N J, Acharya B K. Turnover in but-
terfly communities and traits along an elevational gradi-
ent in the eastern Himalaya, India [J]. Ecosphere, 2022,
13(3): €3984. https://doi.org/10.1002/ecs2.3984

[40] Zellweger F, Roth T, Bugmann H, et al. Beta diversity
of plants, birds and butterflies is closely associated with
climate and habitat structure [J]. Global Ecology and
Biogeography, 2017, 26(8): 898—906. https://doi.org/10.
1111/geb.12598


http://www.R-project.org/
http://www.R-project.org/
http://www.R-project.org/
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1890/13-0133.1
https://doi.org/10.1016/j.ecolind.2011.10.008
https://doi.org/10.1016/j.ecolind.2011.10.008
https://doi.org/10.1016/j.ecolind.2011.10.008
https://doi.org/https://doi.org/10.32614/cran.package.mumin
https://doi.org/https://doi.org/10.32614/cran.package.mumin
https://doi.org/10.1201/978131537-0279
https://doi.org/10.1201/978131537-0279
https://doi.org/10.1201/978131537-0279
https://doi.org/10.1201/978131537-0279
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1466-8238.2009.00490.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1111/j.1654-1103.2003.tb02228.x
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1590/0001-3765202020190058
https://doi.org/10.1002/ece3.2803
https://doi.org/10.1002/ece3.2803
https://doi.org/10.1002/ece3.2803
https://doi.org/10.7717/peerj.18295
https://doi.org/10.7717/peerj.18295
https://doi.org/10.7717/peerj.18295
https://doi.org/10.7717/peerj.18295
https://doi.org/10.1098/rspb.2012.1581
https://doi.org/10.1098/rspb.2012.1581
https://doi.org/10.1098/rspb.2012.1581
https://doi.org/10.1098/rspb.2012.1581
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-005-4314-3
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/s10531-023-02745-1
https://doi.org/10.1007/bf00379347
https://doi.org/10.1007/bf00379347
https://doi.org/10.1080/00379271.2009.10697630
https://doi.org/10.1080/00379271.2009.10697630
https://doi.org/10.1080/00379271.2009.10697630
https://doi.org/10.1002/ecs2.3984
https://doi.org/10.1002/ecs2.3984
https://doi.org/10.1002/ecs2.3984
https://doi.org/10.1111/geb.12598
https://doi.org/10.1111/geb.12598
https://doi.org/10.1111/geb.12598
https://doi.org/10.1111/geb.12598
https://doi.org/10.1111/geb.12598

5 R 305 i v A T PR R 2 e 9 0 Py XS 2 R e FAOH JEA JR) e S [ 7 851

Diversity patterns of butterfly assemblages along
an elevational gradient and influencing factors in
the Bawangling region of Hainan Tropical

Rainforest National Park

Chen Yi", Sun Haoyan', Hou Ruonan', Wu Qingging', Wu Lingbing"*
(1. School of Tropical Agriculture and Forestry, Hainan University, Danzhou, Hainan 571737, China;
2. Hainan Institute of National Park, Haikou, Hainan 570203, China)

Abstract: To explore the distribution patterns of butterfly diversity and influencing factors along an elevational gradient in Hainan
Tropical Rainforest National Park, 24 line transects were establised along a 300-1 100 m gradient in the Bawangling region to
make a systematical survey of the number of individuals, species richness, species composition, species turnover and species
nestedness of butterflies and nectar plants within each transect from November 2024 to June 2025. The elevation and variations in
temperature and humidity were simultaneously monitored for each transect. A total of 15482 butterfly individuals belonging to
202 species and 5 families were recorded during 10 surveys. The results showed that temperature and nectar plant richness were
the key influencing factors determining the butterfly richness in the Bawangling region, while the number of butterfly individuals
only exhibited a significant non-linear increasing with temperature. Butterfly S-diversity was primarily driven by species turnover,
which was determined by distance of elevation, temperature, humidity and nectar plant. This suggested that each elevation makes
its unique contribution to butterfly diversity of the Bawangling region. These findings deepen the understanding of the
mechanisms structuring butterfly diversity in the Bawangling region and provide a scientific basis for conservation of butterfly
diversity in Hainan Tropical Rainforest National Park.

Keywords: diversity; Hainan Tropical Rainforest National Park; butterfly; elevational gradient; species turnover; nectar plant
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