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Abstract: Kandelia obovata is a rare woody plant that is naturally distributed in the silt mudflats of southern tropical and
subtropical intertidal zones. K. obovata forms a mangrove habitat and plays a vital role in maintaining the balance of the
coastal ecosystem and the biodiversity of the wetlands. Global climate change has affected the geographical distribution of

K. obovata. The evolution of the northern boundary of the distribution of K. obovata has been a hot topic in mangrove

ELTE WA ZERA B 70 R TH (LGN20C190002 ) 5 #7 VT.45 3L Rl 28 25 0 58 315 ( LGN18D060001 ) 5 [ 5% 9% K 2 A 138 Bk Y1l ki1 %)
(202210340024 )

Y75 B #8:2022-10-31; ) £& H AR B A : 2023-09- 28

# W IHAEH Corresponding author. E-mail ; xiumeil227@ 163.com

http ://www.ecologica.cn



134 W AR T MaxEnt BRI AR SURAS AU BT T ZIRBROS 7 Hh B P I A DX A2 1 225

research. Based on the MaxEnt model, we screened 141 existing K. obovata distribution sites. Combining 14 terrestrial
climate variables and two marine surface environmental factors, we simulated the potentially suitable distribution area of
K. obovata using different carbon emission scenarios. The main environmental factors affecting the natural distribution of
K. obovata were analysed and revealed the evolutionary trend of its distribution along the northern boundary of mainland
China. According to the model results, the simulated potential distribution coincided well with the existing distribution area,
and the area under the receiver operating characteristic curve ( AUC) value was 0.990. The regression validation of the
generalised additive model showed that the main environmental variables were significantly correlated with the habitat
suitability index of K. obovata, and the overall variance interpretation rate was 94.7% (R*=0.915) , indicating that the
prediction results of the MaxEnt model were reliable. Among them, the average sea surface water temperature
(temperature ) , annual mean temperature ( bio_01) , isothermality ( bio_03), the maximum temperature of the warmest
month (bio_05) and precipitation during the warmest quarter ( bio_18) were the main environmental factors affecting the
distribution of K. obovata. The environmental conditions were conducive to the development and diffusion of the population
when bio 03 was 23.43—33.99, bio_05 > 31.7°C bio_18 > 740.61 mm and temperature > 24.9°C. According to the model ,
the potential distribution area of K. obovata will change in Zhejiang and Jiangsu in the middle and end of this century, with
the most significant changes in the northern boundary of the natural distribution area. Under different representative
concentration pathways (RCPs2.6, 4.5, 8.5) , the suitable area for K. obovata migrated northward. In contrast, a suitable
area for K. obovata was found near the mouth of the Yangtze River and as far as the coast of Jiangsu Province, which
provides a theoretical basis for ecosystem restoration and increases the carbon sink reserve by using the K. obovata

mangroves in these areas.

Key Words: Kandelia obovata; Maximum entropy model; future distribution; climate change; northern edge
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Table 1 Environmental variables affecting habitat distribution of Kandelia obovata after screening

i IEEAE Rl LR A % PRBe AR B AR EX
Code Variable description Unit Code Variable description Unit
bio_01 AR C bio_14 FeT A koK mm
bio_02 AR B < bio_15 Rk i 2 AR AL mm
bio_03 R x100 bio_16 e 2 B K mm
bio_05 BEMABRSERE  C bio_17 BT R K it mm
bio_07 AR 2 < bio_18 IR 7 B R K mm
bio_08 FRBEFIRE C bio_19 eV ZERE K it mm
bio_12 AR mm temperature MR FR)Z T HKIR C
bio_13 WA Oy Bk i mm Salinity TR 2T R %o

HRAE CCSM4 BB 5 Ak BB (2050 4E4RAN 2100 4EA) 1220 ) M4 & IPCC 45 TR HERT R
A i PO AR HE R B, AR LTI F 2100 4E, BRI THAAS AL, FATT A Bk B T CO, MKk BE HE R 12
(RCP2.6, i T+<2°C ) s ARV EEHERUES AR , 5 BB BEHE U AN S (RCP4.5,4°C) 5 R R B HEU A%, A A Bk
£ (RCPS.5,6.9°C) =FliE 57" 1E LI E =FHEm 5 b, 20538 2041—2050 F1 2091—2100 Bt [a] Bt
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THIF, M OceanColor Bio-ORACLE Halpern 5 MARSOEC 4 12 Hh i 158 1 ¥ vE PR B 20 | Fob &R v A
W)y B R IR B B 4 ( Bio-ORICLE ) HLAG 385 73 HER (Saremin, 2928 9.2km) M F & AR A2 Jf
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Fig.1 The occurrence sites and potential suitable habitats of Kandelia obovata
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The receiver operating characteristic curve ( ROC )

predicting the current potential distribution of Kandelia obovata
based on MaxEnt model
Bl AUC FR Z i H TAERAE # £8 F i FX, Area under the

receiver operating characteristic curve
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Table 2 Contribution of environmental variables to habitat distribution of eggplant
o Mg Ar ik s DURRR 6% IR AR A AR/ B TTHkR
Code Variable description Contribution/ % Code Variable description Contribution/ %
temperature WFPERE KR/ C 39.9 bio_14 T H Oy 7K i/ mm 1.3
bio_03 L5 /X 100 25.9 bio_19 BV ZEBE R K it/ mm 1
bio_18 e 2 /K H/mm 12.5 bio_12 4EREK R/ mm 0.9
bio_02 SRR H /T 5.1 bio_01 HFEAR/C 0.7
bio_13 i 7 PR/ mm 4.1 bio_07 MAFELE/C 0.6
Salinity R IZ T YR/ %o 2.8 bio_15 R /K i 2T P25 A/ mm 0.5
bio_16 IRl 2 BE K i/ mm 2.3 bio_08 IRt 2 B IR AL/ °C 0.4
bio_17 T B EEFK i/ mm 1.7 bio_05 A s R/ C 0.3
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Fig.3 Variables importance of jackknife test in training data
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BRI B R 5 SCIRARGE 19 1 AR 43 A SEAR W4 | AT 2 DX Bl A Ao it FE 3R i o, BRIt AR
WFFET R AR AR X SOh B IIAEAE R (=5 4 ) BRIE BIIRK AR B 2R 00 A X 5 N T RPRIAR X Bk
il T AR I DX B AR R AR BR R IXC, IS LA S b VR AR AR A At A1 10 2% AU % 728 Ak il s A OGRS LSRG
3.1 MaxEnt B84 T§E 4

BOY ARG B IR TREAS 19 3 55 B8 | DXCBORIREAS B 2 /0 T AUC (B AR B A e (R R bn . A BIFFE AR
T 141 A3 A S R AT REE R TR A A RO T R A D LD AE A, Ry DR UEASE A (1
Bt ARKBHULE A TP RIZH AR, 5 H FT MaxEnt A58 78 W R 43 A T30 75 1 AR T B4 i i b B4 5%
A B PR A i DR Rl PR B A B SR R A S TR M e B, AR U g e 2445 B 1 o3 A
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Fig.4 Response curve of environmental variables
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EE R
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B TERKAN 0 A AR TR 90% LA i )y 22 ARG 25 RIB R (R 3)

®3 NEETFESEEUEHRNEZESHR

Table 3 Significance analysis of environmental factors and fitness rate

WEHEF GRH B 2% A Mg F p
Environmental factors Edf Ref.df

bio_01 5.82 6.65 5.26 500%10-° ***
bio_03 4.09 4.97 5.91 7.77%107% ***
bio_05 7.43 8.28 4.65 6.00x1075 ***
bio_18 5.95 7.01 3.66 0.001 **
TFEERZ /K IR Temperature 7.17 7.95 7.14 3.70x1077 ***

w 225 (P<0.05), *% 2ZFWEE(P<0.01), == E5H B3 (P<0.001) sEdf, ZERGH R Equivalent degrees of freedom; Ref.df: %
% [ H B Reference degrees of freedom; F:F #3041 HE F-value; P iUSPLE P {H P-value
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Fig.5 Response curve of environmental variables on the northern boundary

3.2 TEAEVEFR B PRBE AR 2 A S

MR A 25 ST 1 R (AP R R B R EE SRR ) (ROK (R R K ) TR 2
SRR A v B RO A3 A B BB ER . H TR BRI B 2R 40 AT AU A TR A A R T LR
T IXI A DG I8 2 B 20RO A VE @ A iR Ry 28—32°C , SR TR AR S5 243 I T 7 16 28 B VL ok
SE TR ER 1400 AR AR S 7K O R LA R BN (9 A S AT ZE R TR, R BRAIR R I, K IR X
BT A0 A A5 i B Ok (g 3 | & 21 A2 KR 10—20°C , - 0 A KRl 15—25°C M) AN JE o — BR K
SR MR VE R 27K T $2 U A B e K AE AR R 0.839 , T4 T34 R R A S AL 25 B i 1Y) e K
A A AERAR 0.449 3 3R B 2 PS4 K RS RIONT 09 20 A1 A 26 B I0 I 385 0 5] 45 Ui M A o iR AR
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A IR TR B2 () — bR IXOCR BRI AR LT, FEWAE ) 1R B USRI RO, TR U R
FEUREE R THE 1°C  AHY P AR A0 B 063 AR o v S R , e R v 1 B 5 8 AR e 2 I
o BURJES B — R AR (B IR >5°C) iz HAE IR REUR, IR E TS MR Y A H BUR R
B A A K R B AR R BE TP 2 . DRI, SRR FR Rl 23.43—33.99, e KR A {2
HERKRA R R ZFERMRER S

AR B A TARIL A S B SR AC A T2 KU X3, 1% X 52 5 R R, & 5 3R /K S8 SR P 3
EAN I GUE o A €T G R AL TR AN IR R AT T AP [ = AN o 2 S o2 - BN [ 1 R g 4 (1 R B ) N
JE  AEUBKGIT X 8 A4 T 52 1 A v, 3 T R 5 SR B ARG SR o BTk B AR A R R ARIE E A AR5
ghEIRL VT X3 AE 5—8 H W Fuiili, felR 2 FE R /K i 2 900mm , A5 A FLMMA K K F . AN 7T & Ak
T e 32 A XA S5 P A A R 2 P 7Kt (bio_18) >740.61mm , X 5 1T 11 KIS RIF SR 45 S AR T, RO BB AR K
TE S A I 3T [T A /KR X A8 oA i 1 L DX, T DXl 8 K 14 21 A Ak 5 R R e P e e v DX 3 Sy B B
B, 3X AT B2 S B0k ih 78 Wi V1 1 DOE LU B 32 00 3 22 AR o0 A, B R s, I X6 4 b 1) B /K o 2B A7 78 40 1Y)

FERNARIRI T edf ARLH BB, S edf=1 B, 5 R 7 58 A MEFR B R EANEAR D edf>1 AR ARG,
Ref.df Fl F JZ7F ANOVA K35 AR 30 ge it , F A 30 -8 09 38 1A o 25 P (E0ER K, U] P BB /N,
P AR (2 3) . UL nT A, EEIAEE A T 518 A4 M SRR R JE 4tk B A5G (P <0.001 ) , H:
A H T (bio_05) AR 36 )21 /K IR (temperature ) 538 A PEFEECAO AR R AR e B M B2 4%, LR
S e 2 FE P 7K it (bio_18) FAE -3k (bio_01) , Fe S5 /2 5E IR M (bio_03) o Hi ke, FRATTAT LA AR A 1) 43
A7 T e 5 32 B ity A PR 2 ) 52
3.3 BkannyHERS>1 K AR Ak

MR RIEE R (B S)  AEAN R B HE S 52 R, BomtiAe h B R b B s A 22 S Ak, 31 2050 45, (IR B
HERE 5 ™ (RCP2.6) , AR (AL S8 EIRM AT G (27°50'N) ARG (27°59'N) il TS AR 1438 A X
S B VLINE R T AN AR B (32°26°N) BT, AFLLEE S B A AT R . RCP4.5 254N, Bt A AR 43 A
FYIE AT IRV £ IR 305 SR T 3 LU FFE I (289167 N) | 2 VT 9548 R 36k 7 559 FH B BRI (33°41'N) 7] R4 78k
TREHk . M EEHEC T (RCP8.S)  TINAK I [ AR A3 A AL A 5] 5 R X3k, JEAC 5 RCP4.5 1l 50 T —2L,

) 2100 4 IR BEHECE 5 (RCP2.6) T, Bkl A 2E X 5 2050 4FAH L, A7 7 B i H AV b 5 i
XS AiRiE R . RCPAS G5 T, BOMH A H AR 53 A JU A RT3k W V148 B &2 BT (27°46'N) | fiGiE A XKL
2050 SFEEEAFT HEVL A E T RIS S HIEFER i, RCPR.S Wi T, FE KB A 4850 i b
FEATIRWTTLAR R T (28°18'N) , FH-7E Fifg 22 T 3 Y0 T — 5 Wil 04 10 b, DX 3l Y T A 4K 43 A DO, IR A=
X AT A AR B+ (36°52'N ) HLAE % 2 s AT Y Bl P i Stk B,

MR HE Wk SE0T 5T, RCP4.5 HEUAAF S B AT 23k AR Wz i 34T A0, BOH Re A UR AR L PR M 45 A2 b
P AP SR RO, 2050 4F i AR AU RS ARG A o0 B, AT R BT T BRI AR S L B
VR (26°16'N) , 7E 2100 4F i A X AL A BT RE L, 3 7T B8 S RO 76 e A 2 FE T B4R 2 B B /K s 7
RCP4.5 & 5 T S A X SEBL T X AL S i B 55, B B A P IE A4 K AETE X 87 T AR e S 1 X s iy
AT G RO 5 | P 5 oA T BE . H A, Bl A T8 FZE @A i AS 1l (30°18'N) DL K& {155 il
(32°15'N) #4778, PP )@ T AT FE YIS, A LS I BB AR ARZE M Beoh i X Bk 5|
S R A 8 N TS | 7 e G O AN R VA i A" S o 81| O 161 W 7 < d A Rl ES i
PR 0 B AU A, PTRE Sk BT SR8 R T S PR BL BT . R, X b — 258 7R Bk 43 A A A (R i g

MaxEnt £ F 5 E (8] 5 AEAR T SR /0N, TS J32 vy, 300 % AT AR B i 19 0 A R BRE TS 1O 9 HIGE S R 3l
—ESHMH IR AR 2 RBR T, (1) AR T35 S (0 48 5 181 5 S0 A48 6 T 52 M Kt o
PSR T AR RSN MR UK BT AY 1R T 1 e AR AR S e AR o A B R, Uk,
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T TN 45 AN B B A AR T BB —Fh oA KA L RS M R RE A I EE AR R, (2) BRIF
BRI Z AN, W MR R A KA FRRED L SR RE AE 1 LA S Ak ] B AR LA F A A K R RS A0 A, (3)
FETPU IR (R B R e 7 AL ML, A 2B K 5l R SR 2 A B ATt

ZE L PTR, (1) Rt Tt MaxEnt B850 A 2 BRI i vE 3R 2K IR R R 7K 02 2 ORI E 31 1) 2 2R
B PR TRk BH A T RK M A X A0 4% 32 B A IR AR AE . 28R P (bio_03) Ay 23.43—33.99 , fe 4 H 403 f e il
B (bio_05)>31.7°C , Fc& Z= [ [ /K i (bio_18) >740.61mm , 1 1 3 )2 F- ) /K i ( temperature ) >24.9°C . (2) 1R
P RCP2.6 \RCP4.5 F1 RCP8.5 HEMUIE 5t T Frxeh iz () A58 PR 1~ S50, Bk Aot i B 1) b, B0 A A8 IR A AL RS i 3
B RKIT O, 2 2 BATT IR R . X LR DR F 2D BRI 261 72 28 R G0 2 R indsc i i A $ 41t 1
SR
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