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Abstract This article uses the restoration project of Ulmus szechuanica in Qixia Mountain as a foundation,
and explores various technical means, such as survey and diagnosis, engineering restoration, and post-maintenance,
to establish a technical system for restoring U. szechuanica and similar ancient trees in East China. The following
results were obtained: (1) Engineering technology and plant protection measures can effectively restrain the
declining growth of U. szechuanica and significantly improve its overall appearance. (2) By collecting breeding
materials of this ancient tree, including seeds and nutrient materials, it is possible to produce offspring and preserve
its genetic resources. (3) Maxent technology has demonstrated that the main suitable areas for U. szechuanica in
East China are southern Jiangsu, southern Anhui, and northern Zhejiang, and it has also revealed its possible current
survival areas, providing theoretical guidance for restoring similar tree species in these areas. (4) A "Technical
Specification for the Rescue and Recovery of Ancient Ulmus szechuanica in East China" has been compiled to offer
technical support for the protection and recovery measures of ancient red-fruited elm in this region.
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MaxEnt 1R T ZEY P o A B AR ARG, A B BN A SR E R . 2 s
MEARE 3 AT (D ARSI L, EEAXE R TN RS, 103% GPS &4
a2 FARE B AR, X IR B LL R A s AT TRk, HERR A A S BRE BOK AT Rt
G M (3 AR ER R, AR b B R R, EE VR T o [ B bR A
(https://www.cvh.ac.cn) , HEEFFAZET G (wwwnsiiorgen) , REFEMM 1937 2L, T E
AW THERMAEAENEE, BEEMEH, Xamaofmth GG, [EE4 IR RE i w A L6 AL PR,
Hhy P R LB I, % ZE24E 500-1000m 2 18], X TAEA) AT & ol ARRSATE; PR E A LS i AL bR
AEMEE, ®EAENELEIE 41 . S8 MaxEnt A EETF M, BEdEi N Excel, RN
* CSV, WHRBIEMMELT 4% WIFAEIENE B, 1521020 Bk o A0 50 5 N AT Arcgis 10.8,
H1 SDMtoolbox TR AL BRE 4, PR 2RI i I ER AR FRI89), ARPR R G4 — v WGS-1984, [
Hh BT B AR TR R A OoAn v B R EUIR %5, NEU T EISON GS (2019) 1822 5.

1.1.2 FREE P 73R K

Z 55 19 ANIFREEH 25K WorldClim — Chttp:/www.worldclim.org) , f#FH FREEH FaiZk 1 fr
N, R HERRN 2.5 arc-min(2 4.5 km?) o FH A 73 A TR D RER O T B A EE IR s A 2 3k s
HhorEH Sk, FIH Raster Tool ¥ Raster to ASCii (folder), ¥ TIF X4t m54 4 ASC #% =101,

R 1 ARSI MR

Tab. 1 Environment factors applied in this work

ES EiaY

Name Description

BIO1 £33 Annual Mean Temperature

BIO2 “F-#5 H 2 Mean Diumnal Range (Mean of monthly (max temp - min temp))
BIO3 s Isothermality (BIO2/BIO7) (x<100)

BIO4 iR 21 Temperature Seasonality (standard deviation <100)
BIO5 TR F 43 ()5 <. Max Temperature of Warmest Month

BIO6 A A RS Min Temperature of Coldest Month

BIO7 4 HZE Temperature Annual Range (BIO5-BIO6)

BIO8 BOHIVEZEE IR Mean Temperature of Wettest Quarter

BIO9 T2 )43 Mean Temperature of Driest Quarter
BIO10 B HEZEFE IR Mean Temperature of Warmest Quarter
BIO11 A ZEE iR Mean Temperature of Coldest Quarter
BIO12 K Annual Precipitation
BIO13 TR A 173 B 7K & Precipitation of Wettest Month
BIO14 &5 H 4 %7K & Precipitation of Driest Month
BIO15 ZH P REK B8 5 23 Precipitation Seasonality (Coefficient of Variation)
BIO16 B ZE I 4K & Precipitation of Wettest Quarter
BIO17 BT R ZE 1 /K& Precipitation of Driest Quarter
BIO18 5 I BEZR (1 7K & Precipitation of Warmest Quarter

595


https://www.cvh.ac.cn/
http://www.nsii.org.cn/
http://www.worldclim.org/

EYINEL LN SN S13 MR 25237

BIO19 R FEAZEE I 47K B Precipitation of Coldest Quarter

1.1.3 MaxEnt #8Y {1#0E 5 45 FAF

Average Sensitivity vs. 1 - Specificity for UmusSzechuanica
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Fig. 1 ROC curve verification of U.szechuanica

I 2T 5 K ERR 1) MaxEnt B HTIE £ X GZEAFE AT 7E MaxEnt £ 00 FE0 M, ¥ 111 5
1.1.2 R B F 55 F N\ MaxEnt, BEHLEUE 90% MR E RIS, 10% 5 3EE v minind, =
2100 K. ZFH T/ERMERZ  (Receiver Operating Characteristic Curve, ROC) " [HFR{H, B4R 7l
gL AN (area under curve, AUC) , FIRAGIGAEAI AT . AUC MIHUETEE A0, 1], HA
AUC {ERRFEIT 1, IREEAR 5 A7 A A8 8] AH DG P bR, 65 AR Pk =y . RSB0 AUC {HIX E) 0.937, AnifE
29 0.072, R 7T &5 A Bs R {5 FED2 8L, BRI 1,

1.1.4 ZERHMNE A 5 X

Sy B AR B R A ArcMap 10.8. MaxEnt 5844 Hi 45 o4 ASCii #8320, fH Arc Toolbox H1f#% =
BT H, Bz Bda N Raster # R, 1 HAEAE ArcMap T Al AL R . Max Ent BRSO H 45 B4l
FE[0,11, MEBREIT 1 RoRWIF ] AE7EAE . 0-0.08 T AN iEA:, 0.08-0.26 AREAEX, 0.26-0.47 Jyr
WA, 0.47-0.71 AR ENEAEX, 0.71-1 AEEAEX.

1.2 52

WAL R TR R AT ES L KU X (32.155688°N, 118.955567°E) , 437 2022 4E 12 H 5 2023 4 2
AXMEE LA LR A (Jr'5 7700 kSN 5207 W S ki e BEACIIAS, B AR B AR R4S, B
PR A RS R R AE I B . LR R RO A TE R B SY e BE A 43
S G8 v 0 5k T B 5 T (/N AR KA 5

1.3 TREH A

1.3.1 BUEx

X TR RAR R AR KTE B E B, R AR R, R R, BRI R E . RN
TrFER IS SRR, TG NRE, WA GG NN R RN . SR, I v s A
RZ, —Mtsmen, & TEEE . Mg mOl TN I, ARMA T WL, & B3
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TEANDAR JR A TE AR SR 2Rl b, DR R S5 o K TR S AN S I T % OB S R A O
IB R . TSNS SIS, ERRE SRR R AL RIE” o HAR SUOAM L EE Y, RS Mt
6 TP 4% T8 B 6 85 A i bk B 20 R AR RIE AT R, tHRE ST I 2T FA A 0 R vl . s oR TR
Wrim, WA SRR EE (L “RBEk” BIIEH Thag, WLV E K 4A kliEseX, NREKR, i
PG S TN RAC il

1.3.3 HifLiIEI%

BT UL R MOTER SR, ST R BITE N BEAS SO B A R AN RBR R B B, AR R E R
BiALES, (EFLI I AR . RS, ISR R TR, ATMNTE R R R MEEAT, A
e A B LU SRt o X IR H S T8 s T FLAE ML 58 B fa PTAE 20 A AR R 0 it M 0 T3tk v o B
NTRREE N G, TGRSR, H B 450 mT DR S 518 il TR 2 2 3 2240 AT e 2 U L 45 44
AR R AT R D BT K EEAAR R

1.4 Hea Ry g

S BHAE B A R () TR BEAE, T8 RGE e R . BB R P, IRERBEE A,
RFTREATBRE 5, WA AT 5%, RO DT I B OR B, o Bsi D B 2R, (R EE T R FEHT 52
oo BbAM AR AA T E G B, RRARRE, RS AE, BB AR PECE R TR
FEAR RSP T 22 AR g na-1el,

TR B S Y, BRI MR GEAE. BIEAINGD o R SR e, W
TS B vE R L, T L T i AR B PR R R, AR FE S SR BT BT L KL HEK
Pt PR SCEEINE . BRI BRI S i, 2 T A DA GBI L AR 7, ek 4 A
(PR RS e-17],

1.5 FhJR FEIRORAT

DI ES Ll SLR A R T KB 1 2 BRSCAE BN BEAR, 2Rl RS REE S s I EE. —h
T, BORZ BB E B AR DAESE, DA AR . 55— 51, KB & 5 A8 ARSI SO
WA EE L R 44 B X % J 143 AR 06K
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Fig. 2 The distribution records of U. szechuanica in China (1930s-2020s)

PA 1.2 205 o3 Ar #0753 1)t 2 20 SR e b B i) A e B 2 AT RIS A A R E 2347 T Y
JIN ERR ML YLPE. WL, 2@ VL5, #E—D 4y, HRARHIX P RIRL ki /A T
Ay B A WAL RS SR I R AR, (b R 08, WX R AT S, #ad
SR PRV ZT SR 430 407 A2 ] 1 I A e DX e s ) AV s P B AN DY 1| 2 o SRS i X B 252 AR
HUWEEREH, #F5EFLM. RMPKILMEFE 2800, U300 Tieg Py #H 2
SRIR B T, 2R FIEo-221,

AR RS 8 RS AE A TE, G800 Bk, LLR M8 T 07 MR S R TE g AN s AR
P H AT A NI FEY RS R B4 (Angiosperm Phylogeny Group, APG) ¥ i, ZLR Mg T ARZEHE
SEMEEAN: P BB T 2D RAR R AR AR 1

FEOS BR A6 ) 20 S A 3R [ B AR 0 A O R Ar Sk e, IR R EA W A — RS =Lm, +=
RSB R R IR e N oK, AR EE AU g 2= KU e X R 7 78 R BRI K, PRAPE TR RIS T 1) AR
Y e DU oK IR IR, >k BALTT B B A BRXFHR B I, ™ 2R 1 S © 4R HEDK
R =20 IR BRI . 28 DU 28 AR IR 2 A1 Xty 2 AR DR AT 22 4 ) SR B 123240,

2.1.2 B Maxent HEMI 2T FAiE A X
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Fig. 3 Suitability grade map of U. szechuanica in China

FE 1.2 ZERH o3 A A 1 2 20 R e B E S 04 (1930s-2020s) 5] 3 ZL5U(E
Hh [ R AR A R A s i o AR O P TN 20 R AR SR A UL B, SR TLPE. WL, %
B LIF. IR WAESE. AL R A R B AR I S A A B e K I AE AT Y, AR T DL
T AR T3, 782 MR R XA 75 B Bl AR B A [ I SRATT A I P A Fm A B 26 o 35 e A2 T e
AR IR AR, 3t —2PKE GBIF | Global Biodiversity Information Facility Chttps://www.gbif.org/zh/) ,
PISRAR KIS B RAE A5 B ARkIE . SR, S5 & @A XA, R B0 0 Al — AN A AT
B X O S PR RE 5, ST DL, WS WA R N R R IR B AR A R A . B AL R A4 B
AR, A B AR R AR T i, i i T 44 “szechuanica” = XATA1, oy “SRE M)
W7, RSS2y AT, BMAL TR R JE I RAR AR AR A b T DY I A S VTR
P P8 e L Bt ALY AR AR 22 RE TR A I TR BN, ARAE RS L B AT D e s T RGE

HEIRHBIX B RARCL IR A 0 A TULIR B BB 2B 0. WL AL B0 PR e SR 1 R i i b o e
K3 A, RO N R ) ii& A e . SEPR B SR U R A T L, B R0 KL 44 1Y
FIE =R kP 22—, JR AR IR I g A2 KR IR SR X, R E LR B, UZE
S, HEEZE, K7, BRIRZE /DN ST id A KL EE . 2R #rLdbi-r
JR, SAifimlt, EEEH, BRGURZEE /N0, X TARMIMNE, XFEMREEFE TEiR, JCHE
LR R S BN TR . KRS, B S A R A EOR &R, AT S ECRAEAR 2 B TS W
BE ST 2L AR AE AR AR B 2 TATIRURAAF T ARAEZ A, AL R a8 A L R 27

fEHT 19 NI T T 2L R A G A X, &I T o E A A, Bk AR 2 M58 B R f i 21 1
MVEIE AT ST R CETTERZR BT R T 2% MBS R T N o« AT T 5 H B K &R il
= PR CL R (R A ke 7 LN . AE RGBS B R TR, AUE B AR ORME, SN

F 2 I EAE Maxent B2 [ TTRASR

Tab. 2 Contribution rate of environmental factors in Maxent modeling

K GRS TTHRZE(%)
Name Description Contribution
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rate
BIO14 T8 H 4 f# /K & Precipitation of Driest Month 58.3
BlIO11 A ZEE IR Mean Temperature of Coldest Quarter 15.6
BIO12 #E[#7K B Annual Precipitation 7.4
BIO3 s Isothermality (BIO2/BIOT) (<100) 4.0
BIO1 191 Annual Mean Temperature 3.6

{4 F Maxent T ZT SIS 2E X A 22, B 7R IS4 BB R 10 LA 2 FE AL R, T RETGIE
SE 4 S N IS LT SR IR SEBR AT, TR B R A EE AR R VRS A, R T A0
YIRh o3 A A B BRI AR R TR R o [RIINE, S A AR AR R e S A 0 R 281,

2.2 WAL RS R

B 2022 FEEMMBEE, ZH B 283 (£0.5) K, &EiE9.6X6.5 K, MiE 66.0 JEX, iz
85.3 JE K. MES X i 40 SRR IE B o ) 60% 2 AT, SRR REAE, WA A, FIWT N RS
Pho BT BRI S e SRR, RSG5 H, 5l RMRBRE, JUkIMNERIDR.
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BHE: 32.155688'N, 118955567671
B 51.1% g

Pl 4 A Ly 2 S s IR
Fig. 4 The current circumstances of U. szechuanic
LI ety 20 3R R B DA e He—, BORAATEES, MR ARIEREH LAy
BB 50%, IR KRR . MR RN B, MR 2, KBRS, KT, WA R
WHE. JERT, TR, RERAETRTH, FEEERTHR, NGRS R AL, GLE 4
B2, ACH AW AR BT RT AR T OR B OB, TR E 1R A2 Fek B L B AR R
H=, WAP NGB, MAREWIERKE (B0 JEHZ 60% 1IHE 7> BOFE 1 W 7 A0 B T 7
i, NG T B ™ B AR IR, fER T 40% 1) sy, NS SOWA SR, A /NIEAR
X TB (Acer palmatum) 3 ¥k, SHEE, AEfETHIEH M, #md a2 R e KGR K 4A1
AN LR M W ARG S A BRI, B 2R A A B, B2 sl 2L R A Bk R, C1L C2 R
21 R S S AR AR R R T S N S
b A B P AL v 22 R B BOIR I A2 S IR 9 TARRI AT IR, S WA AR RS TAER E5 2. M
WHIARAE. [ AN EE X AR IR INZADTT IR AR, AT MR 2SR e %, A BRI
ML NI ER:, WAERSERBARINEE S M kB2, T 5755 —1%&, HarE
P B 4 AR PP T2 S A AR AR VG (YT 2738-2016) B,
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Fig. 5-1 The optimized technique solution for the project
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PRI 5 18 2 B IR IA . (ORI I S N2 BF AT IO T 58 @ MNIEREA NI T %8 @MNEFERARTE
FFT R Graxt R ALESE, B 52 R TR . SR RN NEAR 175mm, IREAREST
FINEE T RRR LN GIE . YRR R, AL A S REVE . Oy 1 4E5F % I 1% Thig
WOy AR K G o 2L R M R — D R R, R ANE AN R AR .
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Bl 5-2 TREBOR St MR HI G %I L
Fig. 5-2 Comparison before and after construction
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Fig. 6 Restored crown of U. szechuanica
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