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Abstract: The survival and reproduction of amphibians were seriously threatened by habitat loss and degradation globally,
and natural habitat protection has a high priority in amphibian conservation. The Taliang Knobby Newt ( Liangshaniriton
taliangensis) is a rare caudata species endemic to the Hengduan Mountains, Sichuan, southwestern China and its
population status and conservation are widely concerned. In the current study, based on 33 distribution sites and 9
environmental variables data, we predicted the potential suitable distribution area of the Taliang Knobby Newt by MaxEnt
model. A total of 14 (five national and nine provincial ) nature reserves were used for gap analysis. Scaled mass index
(SMI) was quantified to estimate body conditions of 7 populations including 218 individuals, and the differences of SMI
between populations inside and outside of Sichuan Liziping National Nature Reserve ( LZP) and the variation of the
normalized vegetation index ( NDVI) in the reserve were further analyzed for assessing conservation effectiveness of the
nature reserve. The results indicated that; (1) the most important environmental variables affecting the distribution of the
Taliang Knobby Newt were NDVI ( contribution 34.33% ), the precipitation of driest month (26.81% ), and altitude
(20.92% ). (2) The high suitable habitat of the Taliang Knobby Newt was mainly concentrated in the Xiaoxiangling
(XXL) and Liangshan (LS) Mountains, accounting for 15.38% of the study area. 23.62% of the high suitable habitats of
the Taliang Knobby Newt were covered by the existing nature conservation network. There were still 3760. 91km’
conservation gaps. 3) The male SMI in LZP was significantly higher than that of individuals outside the reserve (i-test, P=
0.006) , and the female SMI was no significant difference (t-test, P=0.214). The NDVI in the last 6 years of the reserve
was significantly higher than that before the establishment of the reserve ( Mann-Whitney U test, P<0.0001). All of these
indicated that the conservation effectiveness of LZP was positive. Based on the results, we proposed systematic restoration
measures to enhance the protection capacity on the Taliang Knobby Newt, including developing the salamander as important
conservation target species, expanding current nature reserves, establishing conservation communities or rescue centers, and

building ecological corridors.
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Table 1 33 sites involved in the prediction of suitable habitats for L. taliangensis

AL & BE/(°)  HE/(C) %73 Jtina & ZE/(°)  HE/(C) %73
Sites County Longitude Latitude Altitude/m || Sites County Longitude Latitude Altitude/m
WHT(LHZ) A 102.1709 29.3932 2308 L HEII(QLB) 5L 102.5240 27.8734 3140
FR(XM) 102.1889 29.3715 2410 LB 1(QLBL) 102.5671 27.8798 2895
£ (ZM) 102.2736 28.9809 1984 T (YX) i 102.5774 28.4582 2206
LT (ZM1) 102.2743 28.9819 1974 LR(WK) fifti 102.7444 27.5974 3214
BFA4-3a[ (YNH) 102.2809 29.0147 2201 Hi%(GL) Hi% 102.8562 28.9719 3022
SAEH (JHH) 102.2858 28.9738 2607 Wi (BT) Fl 103.0488 28.5686 2319
I (ZUM) 102.4308 29.1356 1688 FUH(MG) 103.0518 28.6882 2454
A 1(SM1) 102.4772 29.0711 2072 bk (CHY) 103.1300 28.6448 2837
ik 2(SM2) 102.3022 28.9757 1976 Flh 1(MG1) 103.1674 28.7539 1834
A5 (GYH) 102.3932 29.0205 2019 JeE 1(LW1) 103.1970 28.7178 2078
N5 1(GYHL) 102.3829 29.0295 2028 Je 5 (LW) 103.2017 28.7188 2172
AR 2(GYH2) 102.3835 29.0288 2044 Fhh 2(MG2) 103.2087 28.7729 1733
N35ME 3(GYH3) 102.3864 29.0226 2070 JAEAIEE(SLP) i 103.0502 28.7367 2279
PUF(HY) U 102.4100 29.2200 2240 PRATYE (HZG) 102.9081 28.6650 2982
EBER (PSG) BT 102.3081 28.8991 2518 5 (LeW) 103.0548 28.8140 2374
1 (TW) 102.2788 28.8949 2932 = H (SHK) hif) 103.3246 28.8811 1700
BT (MN) 102.2875 28.8125 2220
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2.1.2 BT R

fdiFH 23 ASFREE A T3 B A XA, A4S AR AU R (19 AS) CIEER R — 8 B (NDVI)
(1998—2019 4F-F-H{H) A Bk AN 48 B (HIL) FIIR . A= ) A A B AR A KIS A WorldClim 936 2
(https ://www. worldclim.org) ; NDVI( 1998—2019 4) FNA[3i (.shp ) £ >k B % IS5 8 Bl 5z o0 (hip ./ /
www.resdc.cn) , HIT Jii H HER K EHE (EARTHDATA ) (https ://sedac.ciesin.columbia.edu ) , 7E ArcGIS 10.6 HXJ{i]
Uit shp EUZHEAT TEEES/T (WRIRER ) | LUK EHT B9 St R 4T MaxEnt 4347, A A A8 A% 09 73 R 120k
30s, X 23 ARG T BRITFE X IEE LI TR, IR Y i [ 245y ASCIS =,
2.1.3 ARG IX ML

WF5E DI F AR PR XIELZ el DU A AR R A, 045 5 A FAT e i1 0 B 2K 9 A SRR IX 9 A
RARRIIC(FR2) o T RGP X B = W0 5L SO A ARG AR R 3 s 8 % B 5
IR BT T RAEM R KA i A b s T DS E R AR R X (2 X)) B 5 HA R4 X &
B, N2 HA202 VAFEBT A , A YA 98 8 I H A AP DCIRTZ | T AR B 5820 B A G5 A o T2 0 T il 1)

F2 RN LHEEARP I KREEREERHRIPER
Table 2 Current protection state of the natural reserves for L. taliangensis suitable habitat in study area

WHARBGER  EHAERLLL

- FTBIX I EEHAF R
eSS 45 1TB(,I: . . (G i ERE Covering Percentage
. Administrative ) Area of suitable .
Nature reserves Abbreviations . Area/km habitat/km? percentage of of suitable
region
celo BHAVE uitable habitat/% habitat/ %
|| BEF-HE 90 H IR X
V.[” I*??EI%”&.H““{’H}J K LzZP £k 485.36 287.77 59.29 5.84
Sichuan Liziping National Nature Reserve
V01| S At RUTI ] 2 1 8K PR X
Sichuan Meigu Dafengding National MG EHE 514.99 232.97 45.24 4.73
Nature Reserve
1| T K AR X B Mg
PR ER G B AR GGS WER ER T 6680 172.73 10.38 351
Sichuan Gonggashan National Nature Reserve B8 AR
I 1k KAKRYX g e
ERATAER R BARY X HZG W BT BA B 294.53 169.22 57.45 3.44

Sichuan Heizhugou National Nature Reserve
PE BRI K 2 5 SR AR 47 X
Sichuan Mabian Dafengding National MB ESSUE 3 JERIERA0 374.25 40.56 10.84 0.82

Nature Reserve

DU SRR X

B ; 94 111. .22 2.2
Sichuan Wanba Provincial Nature Reserve v ek 369.9 Lk 30 7
V01| B L1 4 F AR PR A X . .
Sichuan Maanshan Provincial Nature Reserve MAS i 2703 s 2784 145
VO B8 9 SR AP X o
Sichuan Yele Provincial Nature Reserve b RTh 236.81 7032 29.69 143
VO R ER PR 4 E AR PR A X
Sichuan Shenguozhuang Provincial SGZ AN 332.29 3.65 1.10 0.07
Nature Reserve

1 RRBREEE 2 B R BB X )
PNBRRKIEA 5 AR R MMZ FL 24.29 1.22 5.02 0.02
Sichuan Mamize Provincial Nature Reserve

I AL 9% H 9Kk X
IEU A ?‘ﬁ ﬁ B ﬁﬂj[: DXL KL 2.43 0.99 40.84 0.02
Sichuan Daxiangling Provincial Nature Reserve

[ER TR QSRS [X
E%ﬁé * E' ““Wﬁ K BCP &MHE 1.02 0.00 0.00 0.00
Baicaopo Provincial Nature Reserve
VO SEEEAE 4 F AR TR AP X .

P 9l 97 . . .
Sichuan Qincaiping Provincial Nature Reserve e Wils 0.9 0.00 0.00 0.00
VORI A BT 02 H AR X _— .
DIARTERERAREPE TR T
Sichuan Zhougonghe Rare Fish Provincial ZGH 0.04 0.00 0.00 0.00
WX

Nature Reserve
J3T Totol 4558.75 1162.78 25.51 23.62
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YhoiAi 5 IR A TS SRR E SR O MR ZSITE AreGIS 10.6 AR, HhFRARFR R G0 R WGS_1984,,
2.2 Bt
2.2.1 KW MaxEnt BORFYEE 5465

KT i 1k LA FEA BRI AT, S ArcGIS W22 [0 Hr T H B “band collection statistic” DI A& 1.
P12 ) AH G R 50, I 456 (00 4 A0 12 R AT 00000 i 2% 4> PR T ik 3 ke M) I8k A G 1 v L 5 kAN SR i PR 1
(1r1=0.8) , WAL T 9 DIEHIK T2 SHEAMGE (R 3)  A45IREE =2 3) R E(Bio04) |, IR E 4R
2% (Bio07) AF-~F-HIFK & (Biol2) , e T H A3 /K & (Biol4) , FE/K B 215 A2 5l R 8 (Biol5) | HEHA (AlL) ,
NDVI, HII FA[E ( River) o % 9 DRI K Tl 33 ANFAERUFE B A MaxEnt 3,417 F g it A 25 0 15
A A logistic B 3BT 5 5 10000, H-HE4T 10 IR3E SLHRHIE ( cross-validation ) B, 10 Y345 FAE R B
2 S Ub e

£3 BKRH(MaxEn) BEFRETEMNTHERLERE S

Table 3 Percentage contribution and permutation importance of the environmental variables in the MaxEnt model

s 455 5 Y TR A 43 L/ % HEZ E B %
Variables Abbreviations or Code Percent contribution Permutation importance
VA —AL R 45 %50 Normalized difference vegetation index NDVI 34.33 1.94
fe T A B /K & Precipitation of the driest month Biol4 22.81 17.66
R Altitude Alt 20.92 35.14
AEREIKIE Annual precipitation Biol2 9.49 24.44

IR AEEE 2% Temperature annual range Bio07 3.88 0.53
BRI 25 Distance to rivers River 3.60 2.53
BRI HE %L Human influence index HIT 2.64 1.72

Z A5 MK i Precipitation seasonality Biol5 1.41 3.72

ZE MR E Temperature seasonality Bio04 0.92 12.31

ZARE IR T AL (AUC) " 8 WA AR i M A SRR A b BUE TSR 0.5—177%), AUC>0.9 AT,
R TRV TS BE 25 50.8—0.9 2715 T 25 S A 475 0.7—0.8 2 755 T 25 S — i 5 0.6—0.7 275 T 2% S 4 2% 5
0.5—0.6 F/R T4 R
2.2.2 KRS BB A AR 28 Bl A

LT B KRR BUBAE AN EF R (MTSS) threshold ™ | 7E ArcGIS Hfs &5 3 )2 #1478 402, LA MTSS /K
FEAE B, VU RETE 25 TR 430 A I8 G B8 1 AE AR D v 18 B A B L B MaxEnt A5 503000 £ K Dt WS ‘BT
A Z 5058 XN 2415 [ SRR Y X EZ SEAT B0, AR R B Wi RS2 A 0 i ol B AR 3 . R AreGIS
“THEL” T HIFR A, E E AN RO 2s BRIk
2.2.3 KBRS ST A

DD BEFEE FE R G SRR XN ), P T A5 DX P B LR i 3 7 AN PR a5 (R 4) WP A S
PHIAE PR AR 1 K I WERE A AT 30 B R S 500 &, (i F fL F-FR (EHA251, il 4 7 A BR A R ) PR R E
(W) i FE PR R (472 B, {22 B # 4 T H  MASTERPROOF TOOLS ) il Sk 44K (SVL) , F LAt
SRR EE R A, e ST B R IR R, IEH EEFR BT vk 2R AN 9 ik AR e R 2 B/ N Y EL B R S A
2 (SMI) AR U E AR i BEFE 5 ) R U AE 36 3 EL A — R ) O AN ) 1 S A A 20 T L
B, AT AN R BRI PN FNE g DX SRR AT B 2 5, S iR 3G 8 b 5 A 1) 22 5, DA DX K
BOE BRI . A G AT AE R 4.1.1 kAT, Shapiro A6 30508 (4 1E 25 Mk, #5800 IE 248, Y6 ¢ K380 (¢-
test) HE1T 22 ST, B ANFFA IEAS 340 , WK FH Mann-Whitney U K35, Y4847 X P9 Fie IR 096 B 0 35 K T b
XA, HE AR B 5 SR X PN 5 X AR R A6 B TG 3 22 S Ak, 5 AR sk — i s 444 X 41
FPE T IS 2 db 35 TR 4P DX I, 7 S DR P AL 25 (0= 0.05) o [T, LB P47 IX A N7 AT 6 4F (1998—
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2003 4F) ML 6 4F-(2014—2019 4F) (1§ NDVI {ELZE— 2570 A a7 XA B AE £, 0BT O 7 DX 0 A2 85 i 2 ) 47
HER

R4 KARBEBENEERERR

Table 4 L. taliangensis sampling information for conservation effectiveness assessment

S £ KA Sample size/ > G323 ZRE/(°) HEE/(°)
Sites County HEPE Male Wi Female Altitude/m Longitude Latitude
EEERK (PSG) BT 17 11 2518 102.3081 28.8991
Y1 (ZUM) Py i 28 4 1688 102.4308 29.1356
£ (7M) 16 4 1984 102.2736 28.9809
L3 (YNH) 13 4 2201 102.2809 29.0147
&AL (JHH) 14 9 2607 102.2858 28.9738
BrER(XM) 45 5 2410 102.1889 29.3715
N5 (GYH) 35 13 2019 102.3932 29.0205
3 HBREHW

3.1 MaxEnt BEAITI0RS B2 DAL

BERIIE AUC H 15 0.936, 7 B2 K500 5 00 25 SRS B2 v, A3k 3 vz, 0300 742 4k U9 — A A 4 46 4
(NDVI) d T H K i (Biol4) 4K (Al) ZEVIZR L2 iaid R vh 24 00455 8 5 Rk A< e K 1T HE S H 22 4: m
(Al AFEREZK AL (Biol2) AR T H 3 7K it (Biol4) BEZE T
3.2 RpWEGE F AR S 5IP

MaxEnt HEZEI TR (4 OIS £ A4 55 MTSS /NI 0.2301 | LI 4 FE( 0.6 S FLRR A 35 R4 92 A

101° 102° 103° 104°E
T T T T
Z Z
& N
o ] &
% | 1 %
o o
o LHERMEA
A IR
] B R
SR A GE A E>0.6) 0 40 km
L | | |
101° 102° 103° 104°E

E1 ARRBRRESEEEESH
Fig.1 The high suitable habitat distribution of L. taliangensis in study area
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SR e I AR B (>0.6) AR H AN FAESE (<0.6) o WNIET 1 F7R , JGUE veod FAR B8 S SR vh T/ VR I
TR YNNI Sriep S AR ¢ VY E [ I N o NS S o oW e (1 o O o N O P A D W a o
A FPOR Ak CH BT U BT ki S BAME T B AR LA R R el E AR,
SR X S e B A B LT o 1 R TR A S B R B SR T SR T SR i, BEAS 5 R A0 A s ) & o R W ey
BB AR 4923.69km” | (5 WF 5T DX 8 B AR (32022.24km* ) 1Y 15.38%
3.3 A AR S YA BB

S54GRS BAE S A A AR ORI ML RZ AT AT (B 2) |, YRR ST X 24 5 AN E KK B SRR IR
9 MEK AR, HAPEZH AR X TE U Ak 5 B RISl 4 9 H AR IR IX o0 A T
Jue BT CHE B, DUKGDUIR il et MR B BFSE X IR B AR ORI X R TE R 4558.75km?,
i 9 Xk [ - AR Y 14.24%

o FFRRGER
A JRIEsR A
BN EEE A
I 4R A AR
O RIPERRIX

B2 WMREEBRFEERP RS
Fig.2 GAP analysis of L. faliangensis in study area
GGS: i1l Gonggashan; LZP: JE-FHF Liziping; HZG: EATA Heizhugou; MG. FEUY Meigu; MB: i1 Mabian; WB: /&3 Wanba; YL: if
B Yele; MAS: Th#1l] Maanshan; SGZ: H 5 Shenguozhuang

AR X PR B A T EE 1T (36 2) R, 40T H SR PR X 28407 35 T RBR 23.62% ( 1162.78km’)
Y3 FAEBE 15 3760.91km® (R4 25 i, 7 FLRGE FAEBR TR 76.38% , 5 M EIZH AR X TR
Bl 18.34% (903.25km” ) A FIAEBE  SEF-HF SE4l DT L BRAT 1A [l SR R 1 AR DR AP DX R T ot A 45
P LB E AT 3% , Horh DU )1 P R B AR O DX 1) 2 s R R AR EL B O I 59 N S A SRR X
PRP T 5.27%(259.53km? ) W& FLAESE , oA L (2.27% )\ Eh8E 11 (1.45% ) 681 (1.43%) ARGRE TR, B
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K 1 F , EZR YA SRR X R R R B A0 STk K,

PP s s E 2 LE 6 DN IXI(E 2) T IX, UG A S IX A F LR EL A v 30 [ AR R4 X LAPE | 5T
WL E AR X AR 5 T IX, BT - A as S X, A T2 F5F 68 A SRR Y X LIRS, A48 R 1L 5t X 7E N Y
T BARARHLIX B 5 A i B g X X, A i - U O 28 X 4G SR R DG, DR R S5 e
B DU ELAH % B g B IV X, DR PR A B 1K, A7 F R DAAE RIS ARG X DAa ; V IX, dp -
HS R 2 B IX AR RR VY B 5 & B A B Il A7 T SR F AR DR XAV, R Ll 1l 3R it VIIX, -
AR 25 BIX, AL HE IR S A HE VG0, 07 T R L &R R, ko b X A 40 B AR B Rl b X B 55
H R A Y8 RN S 3 R T FE R G SRR IX L (R 1% b IX K A3 B AR B8, H AR B B 56 X 3 Ak T B A 4
X i), N—E R R E Z R R
3.4 KW BOTAL

XPBEFEELR I DX (A 3506 SR T A AT ) S HL W] 00 DX (3 B A7 B 806 e B A 9T ) R Tt W e
(B 3) A [ A N 09 32 22 S B 2 T 4 SR S s (BT 4) | S B DX A T DX AT ) DA o e 1 A IS it 2 22
SRR (P=0.006) , P47 DX PR R P A (A B B dob 3 R T DR A XA P 4 B DX R e Y 3 bR 2
U, ZRBIORAP X AT S b 0T e B 5 5 R4 DX P SN S AR IE G B 22 S AN i 3 (P =0.214) (HIE K F e
X PRI B (18.63+1.84,n=25) & TARY XA (17.73+3.16,n=27) , M RE AT 55, 45 S FEAR 4P X A9 4
POSSTE A, Mann-Whitney U K56 7, £ 57 X5 6 4E (%) NDVI {8 2% 5 TR 97 X 857 LU 6 4F (P<
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Table 5 Comparison of NDVI between the 6 years before the establishment of Sichuan Liziping National Nature Reserve and the last 6 years

Bt A5 A bR fE 2 p
Period Years Mean+sd

{471 X 57 R Before the establishment of the reserve 1998—2003 0.7887+0.0140

47 X E TS5 After the establishment of the reserve 2014—2019 0.8900+0.0160 <0.0001
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