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Fig.2 Amphibian species composition in Wawushan National Forest Park
(a- species richness by family; b- species by family as a percentage of the total species richness)
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Forest Park

SN 10 6 F, 32 JH LE B 43 A R 27.78% Fil
16.67%; 2t B TEHER 1 600 m iAF| K
fi; Hfe (CR) WyFhi4 o34 THE4K 600~800 m, il
& (EN) ¥Fh 53 73 45 T 2 600~2 800 m #l 1 000~
2000 m, %fa (VU) Pfp LT 2583 A 5016 .

Pearson A PE BT R (W32 2) , MRS Y
Pl E R B IEAIE (P<0.05) 5 4FM/KES EBY)
i w R EMC, HIFARE (P>0.05) ;
NDVI HLE A = 5 B LT B0 AHOCHE

O-I

N NN

RN N RN R RN NN

L DR EE, S H A S
4k /m

Bl 4 SRR EEAIZ R BRSO AR Ca- iR Th A M 2R EEL (8 RTINS I A - B B SR RSG5
b-#HE TUCN ZL (84 S GETH 2 R 2 5 B Sk Z A5G 2R )
Fig. 4 Elevational patterns of total species richness and threatened species richness (a- the relationship between threatened species richness and
elevation based on the China Biodiversity Red List; b- the relationship between threatened species richness and elevation based on the IUCN Red List)
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Amphibian diversity and its elevational pattern in Wawu
Mountain National Forest Park
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Abstract The spatial distribution pattern and driving factors of species diversity are hot topics in conservation biology
research in recent years. Amphibians, as the most threatened vertebrate group, urgently need effective protection and
continuous monitoring. Wawushan National Forest Park is located in the transitional zone between Hengduan Mountain
and Sichuan Basin, with diverse habitat types and rich biodiversity, and has a very unique position in biodiversity
conservation of southwest mountain areas in China. In order to promptly update the amphibian species list in the area,
and explore the elevational patterns of species diversity and the key influencing factors, based on the existing historical
data, 62 transects were set up in four representative areas of the park (Mount Wawu, Mount Yuping, Zhangcun,
Tongchangba) from 2023 to 2024, and the survey of amphibian diversity and elevation distribution was systematically
carried out. By integrating field survey and historical data, the study revealed rich diversity and high endemism of
amphibian in Wawushan National Forest Park. There were 36 species belonging to two orders, nine families, and 19
genera. Among which, 14 species were endemic to China, accounting for 38.89% of the total number of species, eight
species (22.22%) were endemic to Sichuan Province, and three species (8.33%) were endemic to Hongya County. The
overall G-F index of amphibians in the park is 0.326. In terms of habitat types, natural forests exhibited the highest G-F
index (0.102), and planted forests and farmlands displayed relatively lower indices (—0.260; —0.591). At the
geographical region level, the species were mainly from the Oriental realm and Southwest realm; at the ecological types
level, terrestrial-stream species were the majority. The recorded amphibians were primarily distributed at elevations of
400-2,704 m, with 25% of species vertically distributing less than 200 m. The elevational pattern of amphibian species
diversity in Wawushan National Forest Park showed a unimodal distribution pattern, with total species richness peaking
at an elevation of 1,200 m and threatened species richness peaking at 1,600 m. The annual mean temperature, annual
precipitation, and normalized difference vegetation index collectively drove the elevational pattern of amphibian
diversity in Wawushan National Forest Park, and the annual mean temperature was significantly positively correlated
with amphibian diversity along the elevational gradient. This study illuminated the elevational pattern of amphibian
diversity in Wawushan National Forest Park, as well as the underlying factors driving this distribution. The findings
provided essential data to inform future research in conservation biology.

Key words amphibian; Mount Wawu; species diversity; G-F' index; elevational distribution
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Appendix 1 Information of line transects in Wawushan National Forest Park
L Hhg AL AT LR ALK e LR LR et e

1 ERINFIX 103.184 29.762 1208 103.183 29.763 1211 N Tk
2 ERRILFIX 103.184 29.763 1212 103.186 29.764 1243 ATk
3 ERINFIX 103.192 29.771 1129 103.193 29.770 1118 N Tk
4 EBRILFIX 103.193 29.770 1096 103.192 29.768 1100 NTAHK
5 ERINFIX 103.192 29.767 1098 103.193 29.765 1063 N Tk
6 EBRILFIX 103.193 29.765 1068 103.193 29.762 1156 ATk
7 ERINFIX 103.192 29.762 1167 103.190 29.761 1198 N Tk
8 BRI X 102.957 29.670 1944 102.958 29.671 1906 KERHK
9 BRI X 102.964 29.674 1804 102.967 29.672 1763 PNLYIN
10 BRI X 102.969 29.672 1736 102.969 29.672 1730 KERHK
11 BRI X 102.970 29.671 1716 102.973 29.673 1691 PNLYIN
12 BRI X 102.959 29.673 1890 102.962 29.675 1872 KERHK
13 BRI X 102.962 29.675 1845 102.964 29.672 1834 PNLYIN
14 BRI X 102.974 29.674 1671 102.972 29.677 1659 KERHK
15 BRI X 102.972 29.678 1652 102.970 29.681 1623 PNLYIN
16 BRI X 102.969 29.670 1714 102.968 29.669 1578 KERHK
17 BRI X 102.966 29.669 1520 102.967 29.667 1556 PNLY N
18 BRI X 102.968 29.666 1537 102.970 29.666 1470 KERHK
19 BRI X 102.970 29.665 1458 102.972 29.665 1430 PNLY N
20 BRI X 102.972 29.664 1411 102.975 29.663 1394 KERHK
21 BRI X 102.943 29.671 1874 102.943 29.674 1864 PNLYIN
22 BRI X 102.943 29.675 1849 102.945 29.677 1867 KERHK
23 BRI X 102.947 29.678 1882 102.950 29.679 1850 PNLYIN
24 BRI X 102.950 29.680 1829 102.950 29.683 1833 KERHK
25 BRI X 102.947 29.667 1937 102.946 29.663 1929 PNLYIN
26 BRI X 102.945 29.663 1917 102.943 29.664 1916 KERHK
27 BRI X 102.943 29.666 1917 102.941 29.668 1892 PNLYIN
28 BRI X 102.940 29.667 1895 102.942 29.670 1886 KERHK
29 BRI X 102.960 29.710 1435 102.960 29.708 1416 PNLYIN
30 BRI X 102.960 29.709 1431 102.959 29.713 1472 KERHK
31 BRI X 102.959 29.713 1480 102.956 29.713 1531 PNLY N
32 BRI X 102.967 29.700 1329 102.967 29.699 1328 KERHK
33 BRI X 102.978 29.691 1268 102.977 29.688 1244 PNLY N
34 BRI X 102.956 29.720 1539 102.956 29.718 1537 KERHK
35 BRI X 102.956 29.712 1540 102.956 29.713 1538 PNLYIN
36 BRI X 102.960 29.702 1474 102.960 29.700 1452 KERHK
37 BRI X 102.961 29.699 1442 102.963 29.699 1434 PNLYIN
38 BRI X 102.975 29.693 1250 102.977 29.692 1273 KERHK
39 BRI X 102.948 29.643 2703 102.950 29.641 2689 PNLYIN
40 BRI X 102.951 29.641 2690 102.954 29.642 2660 KERHK
41 BRI X 102.954 29.642 2651 102.956 29.645 2692 PNLYIN
42 BRI X 102.950 29.643 2699 102.955 29.645 2705 KERHK
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(ZF 1)
BEL g Hhg AL AT LR AL TR e LR LR et e
43 BRI X 102.954 29.646 2688 102.954 29.646 2701 PNLYIN
44 BRI X 102.955 29.648 2680 102.955 29.651 2689 KERHK
45 BRI X 102.954 29.652 2674 102.951 29.654 2685 PNLY N
46 AU IX 103.264 29.523 1749 103.263 29.521 1755 A H
47 BT R X 103.262 29.521 1753 103.261 29.521 1762 g
48 AU IX 103.261 29.520 1758 103.262 29.521 1765 A H
49 BT R X 103.259 29.521 1761 103.258 29.522 1761 g
50 AU IX 103.262 29.521 1758 103.263 29.522 1755 A< H
51 BT R X 103.265 29.523 1733 103.264 29.522 1722 g
52 U X 103.267 29.523 1773 103.265 29.523 1763 A< H
53 BT R X 103.265 29.522 1735 103.265 29.520 1769 g
54 U X 103.264 29.519 1728 103.264 29.518 1767 A< H
55 BT R X 103.264 29.517 1770 103.265 29.516 1784 g
56 U X 103.263 29.516 1777 103.262 29.514 1771 A< H
57 FRAT X 103.092 29.505 1427 103.089 29.508 1409 PNLYIN
58 A X 103.089 29.508 1411 103.090 29511 1428 ATk
59 FRAT X 103.090 29.512 1430 103.091 29.515 1389 N Tk
60 A X 103.168 29.480 1634 103.165 29.481 1677 NTAHR
61 FRAT X 103.165 29.481 1678 103.164 29.483 1645 N Tk
62 FRAT X 103.123 29.548 1240 103.123 29.552 1250 N Tk

MR 2 BRI E G PR Sl 44
Appendix 2 Amphibian list of Wawushan National Forest Park

- lilk%;‘ﬂf—‘ hEAMZHRE TUCN ZiLy) R Bt Bl R R
HR EANZE S EANZE AT X % e kU TR MR
—. BREH Caudata
(—) /MR Hynobiidae
1. L Batrachuperus pinchonii 1I VU vu QZ, SW R + F,L 1500 2704
(=) PR Cryptobranchidae
2. K Andrias davidianus i CR CR  N,QZSW,C,S R + L 400 800
—. kEH Anura
(=) fIEFR Megophryidae
3.5 KSAYE  Boulenophrys chishuiensis NE NE SW TR +  F,L 1000 1609
4. WLJBMYE  Boulenophrys omeimontis VU LC SW, G, S TR + F,L 1000 1539
5. SRR FANE Boulenophrys binlingensis DD NE SW TR +++ F,L 1128 1924
6. FLESMYE  Atympanophrys wawuensis DD DD SW TR +++ F,L 1800 1908
7. AT R Scutiger chintingensis II EN vuU SW TR ++ F,L 2500 2704
8. KA U Oreolalax major VU LC SW TR  + F,L 155 2690
9. M BT IE Oreolalax multipunctatus A8 EN SW TR ++ L 1800 1920
10. W JE s Oreolalax omeimontis VU EN SW TR + FL 1000 1814
1. 3E 0415 Oreolalax popei VU LC SW TR ++ F,L 1000 1532
12. TS Oreolalax schmidti NT NT SW TR  + F,L 1600 2700
13. BRIC 7 1E Oreolalax weigoldi DD DD SW TR +++ L / /
14, M REZEE Leptobrachella yeae NE NE SW TR + FEL 600 1530
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(53 2)
Wyl lﬁ%ﬁéf)ﬁ hEAEYZHYE TUCN Y B o g R IR
FR AR FARCR TS X% Fm B3/ S S ol
() wEspl Bufonidae
15. gy Bufo gargarizans LC LC W TQ F,L 700 1790
() MR Hylidae
16. HE VU Hyla annectans LC LC SW,C,S A + F,L 450 1433
(75) R Ranidae
17. 035 it ek Amolops chaochin NE NE SW R + F,L 450 1701
18. P91 Jif e Amolops mantzorum LC LC SW, S R + F,L 1200 1938
19. JRE it ek Amolops granulosus NT LC SW, C R + F,L 1437 188l
20. k5L Odorrana margaretae LC LC N,SW,C,S R F,L 450 1758
21. Bk Odorrana schmackeri* LC LC SW, G, S R F 1068 1121
22, REgHLIE: Odorrana graminea* LC LC SW,C, S R F 1068 1131
23. BMBEMRAEE  Pelophylax nigromaculatus NT NT W Q L 900 1400
PEWIIIE S o Nidirana daunchina LC LC SW, C TQ + F,L 500 1855
25. K Hylarana guentheri LC LC SW,C, S Q L 500 600
26. B VA Rana johnsi LC LC SW,C,S  TQ L 1100 1650
27. gk JE M Rana omeimontis LC LC SW, C TQ + F,L 900 1756
28. St Rana sangzhiensis LC LC SW, C TQ + L 1300 1300
(&) XHER Dicroglossidae
29. FEbfitE Fejervarya multistriata LC DD N,SW,C,S TQ L 1000 1300
30. AR itk Quasipaa boulengeri VU VU N,SW,C,S R + F,L 700 1772
() R Rhacophoridae
31 A Rz ik Polypedates braueri LC LC SW, G, S A F,L 650 1167
32. LT Zhangixalus chenfui LC LC SW, C A + F,L 900 1800
3. Zhangixalus dugritei VU LC SW A + F,L 1683 2700
34. A B Zhangixalus omeimontis LC LC SW, C, S A + F,L 600 1924
CJu) JieRt Microhylidae
35. MRS Microhyla fissipes LC LC N,SW,C,S TQ L 500 600
36. HHL Bz i Microhyla butleri* LC LC SW,C,S  TQ F 1107 1107

e LR =RR R I E R R sh Y Aiie St . 2. BRI SES . -FER _HE SR . 3. b EE L2
PELT (.4 SR /TUCNLL 2 4 5% . CR-Wf&; EN-WifE; VU-5fE; NT-iife; LC-JBfE; DD-BdEE= ; NE-RIFAL. 4. shiIX R S-1ERIX;
CAEP X SW-FHREX ; N-ARJLIX; QZ-HiIX . 5. AEASIEH . A-PPHEAL; R-HEHR; Q-Fi/KAL; TQ-RHifh-HiKA; TR-FHfi-HiKAE,
6. FFatE: P EEEEFR; - EERE R R AR AN 7. BRI FEFANST MR A LSOk TORHE B

B 3 F0R LR FRARML el WG sl 5328

Appendix 3 Amphibian taxonomic changes in Wawushan Natlonal Forest Park

J5Rt JR} JiJE JJE J Rl J5 R AR m B BFH B
hs RT4 s T4 T T4 x4 T4 s T4 s H T4
N . 2 . A . 39 B.
Bl RYER} Pelobatidae VSR Megophrys /MRS m]i‘r{or FAYERE Megophryidae T FAAYEIE  Boulenophrys  FR7K AR chishuiensis
s M , B
omeimontis omeimontis
M. A.
LR fEE wawuensis THAEIR Atympanophrys / wawuensis
. g 0.
WU Oreolalar TN | / / wTE
FIRWEIR Leptolalax WL I L. . / Leptobrachella M GG L.
oshanensis yeae
EEFE  Ranidae  EEIR  molops Siiciir A / / / / e A

chunganensis chaochin
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(8% 3)
JEAL JERL IR Jm Ji A Ji i wE R R s T i
4 T 4 4 hr T4 L35’ WTH  hXs RTHR b hTA 4 hiT#
KEEJE  Hylarana /KL A R Nidirana fliZF i N
daunchina daunchina
BEREIR  Pseudorana WFERHETRE . P . LA Rana / . R. .
johnsi johnsi
XFFR Dicroglossidae i) Paa R e bou lir'tgeri / / WEE Quasipaa / bou lg,'l geri
RIERL Rhacophoridae  BIEEJE  Rhacophorus  BERRR I mega CI; halus | ZWHEIR Polypedates AR ERIZAEEN br:; ori
R \ ) z
LT chenfui KBIEE)R Zhangixalus / chenfui
e R A
EXAE dugritei / dugritei
R R / ~o
omeimontis omeimontis

T LR B R PSR A T AT PSR R R R SCE R T £ FORIRTIRA LS

MR 4 WA SRR AR R i Z2 B

Appendix 4 Polynomial regressions of species diversity along the elevational gradient

Z IR
2 [ 15 SRR R R
TUCNZT {4 53 T E A R 4 5
First-order R? 0.277* —0.050 —0.100
AICc 85.444 52.775 38.189
Second-order R 0.576%* 0.496* 0.042
AICc 82.489 47.418 39.986
Third-order R? 0.836%** 0.554* 0.095
AICc 75.934 50.832 44.173
TE: *FIRP<0.05, **FRP<0.01, ***FRP<0.001,
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