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Selecting the best native individual model to predict potential distribution
of Cabomba caroliniana in China
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Abstract: Uncertainty is inherent in ecological niche model predictions and different models yield different
predictions. Based on the niche conservatism hypothesis, classic niche models that are calibrated on native
areas and transferred to introduced areas for evaluation and prediction have advantages. Cabomba
caroliniana is a notorious invasive aquatic weed native to South America that has established populations in
China. In this study, independent testing points from China were used to validate and select the best
individual model to predict the potential distribution, offering reliable and valuable information for risk
analyses of C. caroliniana. The distributional records of C. caroliniana in China were sorted in chronological
order, and climate niche dynamics and niche conservatism of C. caroliniana invasions across major
continents were investigated using environmental variables associated with observed records. A total of 10
models were then calibrated in native area using two environmental datasets and five model algorithms. The
best individual model was used to predict distribution, which was tested and selected based on the criteria of
low omission and commission errors of independent introduced points. Results showed that present
distribution of C. caroliniana occurs mainly along the eastern coastal areas of China. It has also dispersed
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northward in rivers and lakes system along Beijing-Hangzhou Grand Canal or South-to-North water
diversions. The climate conditions occupied by different continental populations overlap broadly suggesting
its climate niche was conserved during the invasion in China. There were many climate spaces that were
unfilled when compared to its native niche spaces, suggesting a high invasion potential in these areas. Areas
of potential distributions identified by best native individual model include Beijing, Shanghai, Shandong,
Zhejiang, Jiangsu, Anhui, Hubei and Hunan provinces. These potential areas were mainly distributed in the
southeastern rivers, lakes, canals and channels all with high human activity and no effective natural enemy,
which could assist C. caroliniana expansion. Our research demonstrates the need for rigorous surveys in
these areas, together with an integrative management action to control further expansion of C. caroliniana.
Key words: ecological niche model; fine-tuned model; Cabomba caroliniana; potential distribution; China
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HER BT NAZ B T E 20 AT, AL RE A R0
BEL 7 FCR A BSORT AR A S it 2 2%, A n] Dy
AR EIR ALK HE (Uden et al, 2015), A= A7 7 2
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Fig. 1 Geographic distributional records of Cabomba caroliniana in China
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Fig. 2 Comparison of climate niche spaces occupied by different populations in five continent. Left: A dataset, including Bio2, Bio3,
Biol0, Bioll, Biol5, Biol6, Biol8, and Biol9; Right: B dataset, including Biol, Bio5, Bio6, Biol2, Biol3, Biol4, and Bio15.
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Fig. 3 Histograms of niche equivalency and similarity tests between continental populations based on the two environmental
datasets. Black dotted lines represent the observed niche overlap. whereas black bars represent simulated niche overlaps. Left: A
dataset; Right: B dataset. Details of dataset A and B refer to Fig. 2.

GBMSE A I RFAE B [ 153 I 26 AH XHELAIR, MaxEnti
RAF A A (K4). fEICIKAE A, RF,
MaxEnt FIGBM A4 35 A & 3 th ok B Fol, {5 2% T
AL AR B (1 GLM AT GAMEL B 1] i 778 1 J T
D, B LA RO P47 E S A 1) X 88k 7 BT A X3
[ L v (K 4)

WE ML LR, B ETAHRS R
TR FOORFASE R 5T B4 I 45545 8 T #4) 722 O RFASE
UM O <7 (F5) o 5T P 4RI A0 & i [ RF
T2 357\ R 7K i R AE R 98 7 4 A X AR
T V095 B Wb, Wmd DAY Pa & (15), ik
AMEWZR TR 70 DA R AR B i S 2 —
SEFE S HIEE M (B5). 3T AR B AR & T i A
BALE SRR, T8, TR B PR ER.
W B RMIERT RN E ML SEAERET

&A= (&15).

IR BN E R P R ER R, X
ABE R [ 57 7% B 7 R0 AR 25 A R < 1 00 a2 e 50K (2%
Hk~F-4%, 2013; Zhu & Peterson, 2017; Fan et al,
2018) . A VKA 7T i 16 HY P 4 HLAA PR M 3R B AR i
BAEANFRMAEDZE LN A, LT
PH PRI AR AL G R A Y R R S At
X BT B R s, FEA R BME &4 T, BT
AZH IR 55 AR A0 1 A A A s e R RIS T B AL
(Kl4), (Hic K ZA0K . BAL BT AR & 1 LA = 0%
DRI PR~ S8 B R Bl o A, X A Al 23 A Py IR i A A o
BOR, DRI T BZH A 53 A ) e ABE 2R ) 000 A 6
fR5F . T WAL IR IR & 1 AR 25 28 A LU A A 25467

40

sk



s

146 4 ¥ % Kt ¥ Biodiversity Science 21 %

1.0 1,01((:i—.—u—!—u—i—u—n—:i—u—u—t:-l:tv—v
F \i\ ’T
8 L\ \
] o0 |
£ 0.8 M 08 ! \
o LN ! |
g \\:'_;_gwrvw+rvw+wv~w+v \b \oo—o—o—oob \‘
2 - ]
Fosh gl e 3 |
g 1\ \ L] | VN \ |
o i o \ | V) > |
%04-6\\\ \ «' 0.4 *4\ “o-a_ |
% \\Q\ DO—\I—Q—Q ‘1 \ \\ Q\ \i
o2k 4\ [ \ 02F v \ \
(B ‘\ \ \ \\ A q\ 'l
LA ) | o \

L s eveoececsocoseclBessoe
0 200 400 600 800 1000 0 200 400 600 800 1000

1.0%
5 N s
=] "\ v y—y—v—y——y——v_ v ¥
0 081 |
§ \ TR e e g
g i - - \\
. L .-

0.6 \ NI

\ "
Q \ \
O 04r ] ;
w0 \
ﬁ\E \,‘ \\
L \\ —
% 0.2 v i l\\.\
& WA T oo \ ° ~m
— —0- - _.. © -—__
N BTy & Py Py o e —g & P T © L - R—um -

- v 0
0 200 400 600 800 1000 0 200 400 600 800 1000
[B{E Threshold [®{A Threshold
—-o— BEHLZRAK Random forest —o— FERIHER] MaxEnt
—v= ] SCHIIAEA] Generalized additive model ~— —-2— #EFFR I 54 Generalized boosted model
—— 7 VLR MR Generalized linear model

E4 ETHRAMET=HENATERENRE(PE)MNERESIEREERLR. £E: ARIMETE, A8 BEMMETE.
AEFBHEBEHNFETENE?2.

Fig. 4 Omission and commission error comparisons of native models transferability in China based on the two datasets. Left: A
dataset; Right: B dataset. Details of dataset A and B refer to Fig. 2.
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Fig. 5 Potential distributions of Cabomba caroliniana based on the two native random forest models using two environmental
datasets. Left: A dataset; Right: B dataset. Details of dataset A and B refer to Fig. 2.
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