Changing surface ocean circulation caused the local demise

of echinoid Scaphechinus mirabilis in Taiwan during

the Pleistocene-Holocene transition
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Fig. S1. Outcrop (site 1 on Fig. 2) photo of Scaphechinus mirabilis in Miaoli, Taiwan.



Identifier dmCVpdb dmovpdb Location Type

MO01 0.289 1.743 Japan living
MO002 0.319 1.922 Japan living
MO003 0.567 1.925 Japan living
MO005 0.150 1.909 Japan living
MO006 0.386 1.937 Japan living
MOO07 0.768 1.732 Japan living
MO12 -1.487 1.908 Japan living
MO018 -0.356 0.983 Japan living
M032 -0.031 0.929 Japan living
MO033 -0.227 0.845 Japan living
M034 0.233 1.202 Japan living
MO035 -0.116 1.159 Japan living
MO36 -0.092 0.941 Japan living
MO037 -0.129 0.874 Japan living
MO038 -0.079 0.913 Japan living
MO39 -0.170 1.715 Japan living
MO040 0.029 1.475 Japan living
MO41 -0.156 1.055 Japan living
T0OO01 1.446 1.027 Taiwan fossil
T002 -0.133 0.403 Taiwan fossil
TO03 -0.081 0.760 Taiwan fossil
TO0O4 -1.800 -0.391 Taiwan fossil
TOO05 -0.991 -0.644 Taiwan fossil
TO06 0.084 0.177 Taiwan fossil
TOO7 -1.460 0.572 Taiwan fossil
TOO08 0.045 -0.408 Taiwan fossil
T009 -0.657 0.206 Taiwan fossil
TO10 -0.559 -0.398 Taiwan fossil
T013 0.346 0.631 Taiwan fossil
TO014 0.974 1.527 Taiwan fossil
TO15 0.242 0.510 Taiwan fossil
M101A 1.027 0.427 Taiwan fossil
M101C 1.290 0.673 Taiwan fossil
SM002 0.573 1.417 Japan living

Table S1. Stable carbon and oxygen isotopes derived from both living and fossil
sand dollar S. mirabilis (see Fig. 3A). Japanese specimens were collected from
Mutsu Bay by Satoshi Takeda. Taiwanese samples were collected from Site 2 in Fig.
2.



Easotope Name M101A M101C SMO002

Sample name M101A M101C SMO002
Mineralogy Calcite Calcite Calcite
Nb replicates 3 3 3

d13C VPDB 1.027 1.290 0.573
d13C VPDB (SD) 0.133 0.078 0.025
d13C VPDB (SE) 0.077 0.045 0.015
d180 VPDB (Final) 0.427 0.673 1.417
d180 VPDB (SD) 0.261 0.136 0.112
d180 VPDB (SE) 0.151 0.079 0.064
D47 I-CDES 0.625 0.644 0.647
D47 I-CDES (SD) 0.008 0.004 0.026
D47 I-CDES (SE) 0.004 0.002 0.015
Temperature (°C) 14 9 8

Tmin [+1SE] 13 8 4

Tmax [-1SE] 16 9 12

Table S2. Clumped oxygen isotopes derived from both living and fossil sand dollar S.
mirabilis (see Fig. 3B).



Longitude Latitude Water Depth (m) Temp.(°C) SD Temp. (°C)

120.5 24.5 0 24.13 3.17
120.5 24.5 5 24.09 3.11
120.5 24.5 10 23.99 3.03
120.5 24.5 15 23.88 2.97
120.5 24.5 20 23.78 291
120.5 24.5 25 23.69 2.89
120.5 24.5 30 23.60 2.84
120.5 24.5 35 23.53 2.75
120.5 24.5 40 23.46 2.71
120.5 24.5 45 23.38 2.66
120.5 24.5 50 23.28 2.63

MEAN 23.71

SD 0.29

Table S3. World Ocean Atlas 2018 (annual mean) data of ocean temperature at
depths.

Longitude Latitude Water Depth(m) Temp.(°C) SD Temp. (°C)

120.75 245 5 27.03 1.68
120.75 24.5 10 26.84 1.66
120.75 245 15 26.76 1.69
120.75 245 20 27.14 1.51
120.75 24.5 25 26.99 1.60
120.75 24.5 30 27.09 1.91
120.75 245 35 26.42 2.01
120.75 245 40 26.42 2.01
120.75 24.5 45 26.42 2.01
120.75 24.5 50 26.41 2.01

MEAN 26.75

SD 0.31

Table S4. Ocean temperature at depths retrieved from Ocean Data Bank of the
Ministry of Science and Technology, Republic of China (http://www.odb.ntu.edu.tw/).



