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Abstract. To reveal the relationship between the geographical distribution patterns of Kandelia
obovata Sheue, HY Liu & J. Yong and its major environmental factors in China, we integrated
species geographic distribution records of natural and introduced ranges and applied an
ecological niche model to simulate the range of suitable areas and compare the spatial
distribution diversity indices between the distribution areas. Combined with climatological and
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hydrological data, we performed quantitative analysis of the environmental factors that affect
the geographical distribution of K. obovata. Results showed that the prediction accuracy of the
BIOCLIM model was very high, as indicated by the Kappa coefficient (0.952) and area under
the receiver operating characteristic curve (0.976). In addition, three diversity hotspots were
identified. Principal component analysis (PCA) showed that temperature was the dominant
climatic factor limiting the distribution of K. obovata, with average annual temperature
(17.68°C), the coldest season average temperature (8.22°C), and the lowest extreme
temperature (4.04°C) found to be the optimal distribution thresholds. Canonical correspondence
analysis ( CCA) showed that the geographical distribution of K. obovata was controlled by
both longitude and latitude, At the local
hydrological scale, mean sea surface temperature (MSST) and mean tidal range (MTR)
significantly influenced K. obovata distribution (P < 0.05), while mean sea surface water pH
(MSSWP) and mean sea surface salinity (MSSS) had little influence. Except for Pielou’ s
index (J),
than that in introduced forests, and diversity in the major provinces was ranked Zhejiang
(introduced) > Guangdong > Fujian > Hainan > Guangxi > Taiwan. Based on cluster analysis
using the unweighted pair-group method with arithmetic means (UPGMA) , the 48 distribution
records of K. obovata could be divided into three groups, with obvious geographic
regionalization and niche differentiation. The above research enriches our understanding of the
geographical and ecological theories of K. obovata and provides a scientific basis for its

but the latitudinal effect was more significant.

the population (alpha) diversity indices of K. obovata in natural forests were higher

introduction and development in China.

Key words: Kandelia obovata; Geographical distribution pattern; BIOCLIM model;
diversity; Canonical correspondence analysis (CCA)
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Fig. 1 Main geographic locations of Kandelia obovata along southeast coast of China
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Fig. 2 Potential distribution pattern of Kandelia obovata along Southeast coast of China

0.9
0.8 Threshold = 0.0, MaxK = 0.952

0.7

— Kappa 1
0.6 — 1A Threshold
0.5
0.4
0.3
0.2

Kappa 4iiti Kappa statistics

0.1

{f Threshold

0
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280

0.9

0.8 AUC = 0.976

0.7
0.6
0.5
0.4

RIFE Sensitivity

0.3

0.2 — ROC-1,0.976

0.1 VX

0 0.050.10.150.20.25 0.3 0.35 0.40.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
¥ Specificity

3 ARSI RBERL
Fig. 3 Accuracy test of modeling results of Kandelia obovata
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Fig. 5 Comparison of alpha spatial diversity indices of Kandelia obovata among major provinces in China

F 1 EHSHH(PCA) kG MBI R RS R 5 N ESSEEFREREHE
Table 1 Five dominant climatic factors that affect geographical distribution of Kandelia obovata
after PCA screening and their contributions

BT Climatic factor Va:;:ltﬂde Lo%fcﬁ] .
AEHIHR Annual mean temperature (°C) bio1 0.2847
IS ZEIR Mean temperature of coldest quarter (°C) bio11 0.2807
MBIk Min temperature of coldest month (°C) bio6 0.2735
R A4k )7 22 Temperature seasonality (STD x 100) bio4 -0.2741
i T Z iR Mean temperature of driest quarter (°C) bio9 0.2717

© Plant Science Journal http://www.plantscience.cn
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B, 33X 3 KA SR I 5 3 I AR g A 1 R o i
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Table 2 Variable statistics of five dominant climatic factors that affect geographical distribution of Kandelia obovata

A4t Variable statistics

LR
Vet s i Rkl FHIfH = b i 2 OB AT
Minimum Maximum Mean + SE Standard deviation Optimum range
bio1(°C) 16.59 25.46 20.88 + 0.29 2.72 17.68 ~ 24.08
bio11(°C) 6.57 21.60 13.25 + 0.61 4.22 8.22 ~ 8.28
bio6( C) 2.30 17.10 9.04 + 0.61 4.25 4.04 ~ 14.04
bio4/STD x 100 277.54 815.54 601.81 + 20.76 143.80 432.56 ~ 771.06
bio9(C) 9.23 22.53 15.01 = 0.51 3.65 10.83 ~ 19.19

. AR A,
Note. Variable code see table 1.

®3 CCAHFHMFIESHH-HERITAERTHE

Table 3 Eigenvalues of CCA ordination axes and distribution-environmental cumulative variance contribution

CCA HE/F%l CCA ordination axes

iH
ltem Ll %l 2 h 3 Hh 4
Axis 1 Axis 2 Axis 3 Axis 4
E{E  Eigenvalue 0.01889 0.00118 0.00064 0.00039
BEMEKE  Significance level ( P value) 0.001 0.013 0.001 0.001
JrZ5iHk®  Variance contribution (%) 88.480 5.525 2.996 1.838

T WEE P 999 YCE Mk 1K1
Note . Significant P-value was obtained from 999 permutations.
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CCA 1 (88.480%)

ELE. 4k; MSST. FXifg kA ; MSSS. F-¥yiff E*’\ ; MSSWP. EH¥¥g T pH {H; MTR. 22, biol. 4
B biot1, AR, bio6: Mk iR; biod: W I % A5 L)y 2%, bio9: K+ M. latitude: 4,
longitude: £, /i AFRILKIER A,

ELE. Elevation; MSST. Mean sea surface temperature; MSSS: Mean sea surface salinity; MSSWP . Mean sea surface
water pH; MTR: Mean tidal range; biol. Annual mean temperature; bio11. Mean temperature of coldest quarter;
bio6: Min temperature of coldest month; bio4. Temperature seasonality; bio9: Mean temperature of driest quarter.
Detailed information see supplementary table 1.

B 6 B 48 MRS ETEMERETH CCA Z4HiFE
Fig. 6 Two-dimensional CCA ordination diagram of 48 distribution records of
Kandelia obovata and major environmental factors

&4 CCAHFHWEEEMRERTFHIMERME

Table 4 Correlation analysis of CCA ordination axes and major environmental factors

CCA #/#%l  CCA ordination axes

FELH T
Environmental factor fh 1 il 2 i 3 h 4
Axis 1 Axis 2 Axis 3 Axis 4
4% Elevation 0.2226 0.0149 -0.2260 0.4723"
£ ¥ Longitude 0.7971* 0.0266 0.1307 0.0514
4iF Latitude 0.7996 ** 0.1416 0.1148 -0.1110
£ biod -0.7912* -0.1308 -0.0124 -0.0124
% bio11 -0.7600 ** -0.1525 -0.0383 -0.0383
et B ARG bio6 -0.4654 * -0.4365 " 0.2506 0.2506
TR AT 2 biod 0.7292 * 0.1406 0.1005 0.1005
T 2R bio9 -0.7173* -0.2281 0.0755 0.0755
YU R MSST -0.4527* 0.0190 -0.0416 -0.0416
YT R MSSS -0.0295 -0.2152 -0.1641 -0.1641
ST pH {6 MSSWP -0.0826 -0.0079 -0.0986 -0.0986
2 MTR 0.3348" -0.0375 0.1645 0.1645

i

# FACHETE 0.05 /KPR s ARCHETE 0.01 KF B,

Note: * Correlation is significant at 0.05 level; =* Correlation is significant at 0.01 level.

© Plant Science Journal http://www.plantscience.cn
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Fig. 7 UPGMA cluster dendrogram of 48 distribution points of Kandelia obovata
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