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model
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Abstract: The alterations in marine environments caused by global climate change have potential impacts on the suitable habi-
tat zones for marine organisms. Based on the occurrence data for crown-of-thorns starfish (Acanthaster planci) and its key pre-
dator Titan triggerfish (Balistoides viridescens), in addition with environmental variables, we developed ensemble species distri-
bution models by using seven algorithmic frameworks within the BIOMOD?2 platform. These models predict current and future
potential habitat suitability under various climate change scenarios. The results show that: 1) The ensemble species distribution

model of Committee Averaging (CA) and Weighted Mean of Probabilities (WM) for crown-of-thorns starfish and Titan trigger-
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fish show that the true skill statistic (TSS) and receiver operating curve (ROC) values are 0.96, 0.99 and 0.97, 0.99, respectively,

which outperforms the single model and provides accurate predictions of the spatial distribution patterns for both species.

2) Temperature and land distance are the primary factors influencing the spatial distribution of crown-of-thorns starfish, while

temperature, dissolved oxygen and land distance are crical for Titan triggerfish. 3) The current potentially suitable habitats for

both species are primarily located in the Great Barrier Reef of Australia, Indonesia, the South China Sea and the Red Sea. Titan

triggerfish's potential suitable habitats are more extensive than those of crown-of-thorns starfish. Under future climate scenarios,

both species' potential ranges are expected to broaden and migrate towards higher latitudes.

Keywords: Acanthaster planci; Balistoides viridescens; Habitat suitability; Ensemble species distribution models; Climate

change
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Table 1 Description of environmental variables

ARt Variable B} Unit
Fe KM% 2 i R B Maximum chlorophyll mgm’
F R Maximum current velocity m-s'
He/Niit# Minimum current velocity m-s”'
SR8 SRR 2 Mean dissolved oxygen mol'm™
/MR TR E Minimum iron pmol-m™~
Fe/IMETRERHE Minimum nitrate mol-m™
B/ ¥ Minimum phytoplankton pmol-m™
T/ NGRS IR g
Minimum primary productivity gm d
SFH4ERE Mean salinity %o
Fe/MEE Minimum temperature C
W Depth m
B AR Land distance km

F T35k
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Fig. 2 Results of statistical analyses of seven species distribution models based on analyses of

true skill statistics and receiver operating curve

Note: a. A. planci; b. B. viridescens; GLM. Generalized Linear Model; GBM. Generalized Boosting Model; CTA. Classification Tree Analysis;
ANN. Artificial Neural Network; SRE. Surface Range Envelope; FDA. Flexible Discriminant Analysis; RE. Random Forest.
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Table 2 Importance ranking of factors influencing
distribution of A. planci

M AT

Environmental factor

B Hr

Importance/% Sorting

fe/MREE Minimum temperature 43.34 1
#5725 B Land distance 28.54 2
/R B T Minimum iron 8.03 3
- i SR Mean dissolved oxygen 7.61 4
SE-H49ERF Mean salinity 2.75 5
T/ I I E

.. . .. 1.90 6
Minimum primary productivity
YRJ¥ Depth 1.90 6
5/ MYFRER M BF Minimum nitrate 1.48 8
F R Maximum current velocity 1.27 9
T NFR Sk BE . 0
Minimum phytoplankton :
BRI £ Z K Maximum chlorophyll 1.06 11
fe/Mit i Minimum current velocity 0.85 12

R3 BRESEHYNETFEEEHFER
Table 3 Importance ranking of factors influencing
distribution of B. viridescens

R N T HEE Her

Environmental factor Importance/% Sorting

Fe/MEE Minimum temperature 48.82 1
-5 ff S Mean dissolved oxygen 15.94 2
BB Land distance 11.81 3
I/ NVERE TR Minimum iron 8.86 4
SEH4ER B Mean salinity 4.13 5
/MR A =T

.. . .. 2.36 6
Minimum primary productivity
e Kt Maximum current velocity 2.17 7
/MEERER R Minimum nitrate 1.57 38
R Depth 1.57 8
s/ NFlEBI IR B 18 10
Minimum phytoplankton ’
e KM LR Z VR JE Maximum chlorophyll 0.98 11
Fe/Miit# Minimum current velocity 0.59 12
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Fig. 4 Potential suitable habitat of A. planci and B. viridescens in current environment

Note: a, b. A. planci; ¢, d. B. viridescens; WM. Weighted Mean of Probabilities Ensemble Model; CA. Committee Averaging Ensemble Model.

F4 KRBESBUSIHNERER AL

Table 4 Proportions of suitable habitat for A. planci and B. viridescens

RS EA G L IS B AR A L i E A L s B A 5 L
LYt BV s=s Proportion of Proportion of Proportion of Proportion of
Species Climate scenario low suitability moderately suitable highly suitable extremely suitable
habitat/% habitat/% habitat/% habitat/%

BRAE Current 40.23 24.33 20.22 15.22
K i RCP26 40.35 24.11 20.12 15.42
A. planci RCP60 40.18 24.06 20.09 15.67
RCP85 40.13 24.05 20.14 15.68
BIFE Current 42.22 24.07 18.24 15.47
B RCP26 41.82 24.10 18.31 15.77
B. viridescens RCP60 41.86 23.99 18.18 15.97
RCP85 41.86 23.90 18.24 16.00

Ve ARE A AR
Note: Unsuitable habitat is not included in the calculation.
P NOER 3 b &3 LF P 3 ]
& ' A B TR
PIRD R R ZH A A (WM, CA) TR 4 K il i
RIS AR AR ZE T, (BT S 344
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TR B AR B A BB N 78.87 T, 74.70 i HI
102.41 75 km?, 3R 453510 2.60% . 2.47% Fil
3.38% , Hrp ot IE B AR B0 430 R 3.97% |
5.49% #1 6.49% (& 5-a. 5-c. 5-e), I CA BiHIF

232

] RCP26. RCP60 Fl1 RCP85 f 5t | ik B A= 55 1
A a0 84.14 J7 . 75.83 Ji A1 107.71 J7 km?,
AR 3.50% . 3.15% F1 4.48%, Hr s B Ak B
A3 HE TN 3.41% . 3.82% Fl 4.60% (%] 5-b, 5-d. 5-
) o ANRAABNG ST R AR BV AR 23 A1 TR
Yoy K, H CABIEIT (34 iR mg = F WM A1
A, (B WM ARSI ) AR 3 A= 45 T AR i B
=T CA AL,
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RCP60. % i i = SAARHERUE 55

RCP85. I il 2 U HERC 5 o
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Note: WM. Weighted Mean of Probabilities Ensemble Model; CA. Committee Averaging Ensemble Model; RCP26. Minimum greenhouse gas
emission scenarios; RCP60. Higher greenhouse gas emission scenarios; RCP85. Maximum greenhouse gas emission scenarios.
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gas emission scenarios; RCP60. Higher greenhouse gas emission scenarios; RCP85. Maximum greenhouse gas emission scenarios.
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