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Table 1. Abbreviation, name, and definition of temperatures.

Abbreviation Name Definition 2 EE
OWT Original Original water temperature ERKE B a #— 12 15~305[EkE <
water temperature re.corded at. intervals of 15-30 S S8 & L7 K
minutes using a data logger
DMWT Daily mean Mean value of OWT recorded H KI5 » 5 H D ERKED
water temperature in a day Al
D-Max OWT Daily maximum Maximum value of OWT recorded H e & 7k iR » 3 HDERKIED
water temperature in a day B
D-Min OWT Daily minimum Minimum value of OWT recorded H &K H % H D EWKIR D
water temperature in a day AR
MMWT Monthly mean Mean value of DMWT recorded H>K8 » 5 H o HFEEKE D
water temperature in a month Al
M-Max DMWT Monthly maximum Maximum value of DMWT recorded A EKiE » % H o HFHEKED
water temperature in a month [
e i
M-Min DMWT Monthly minimum Minimum value of DMWT recorded H Ak i » 3 H o H¥EEKED
water temperature in a month =
(i1
M-Max OWT Monthly maximum Maximum value of OWT recorded TE R D » 3 H D ERKIED
value of OWT in a month AR Sl
M-Min OWT Monthly minimum Minimum value of OWT recorded ERKIRD » 5 H O ERKIRD
value of OWT in a month H il B
Mean MMWT Same month mean Mean value of MMWT recorded H RISEE KR G U H o H>YEKiE D
water temperature in the same month over the years ST i
Max MMWT Same month maximum Maximum value of MMWT recorded HuPEEKED B U HOHEEKED
value of MMWT in the same month over the years Bl B
Min MMWT Same month minimum Minimum value of MMWT recorded HREE kR [FUCHOHEEKED
value of MMWT in the same month over the years BHEff L
SM-Max DMWT Same month maximum Maximum value of DMWT recorded H il 7k i A U H o H > EKE D
water temperature in the same month over the years [
e i
SM-Min DMWT Same month minimum Minimum value of DMWT recorded H AR K i @ U H o H¥EEKE D
water temperature in the same month over the years B
AMWT Annual mean Mean value of MMWT recorded KR » B HED HFEEKED
water temperature in a year ST
Y-Max MMWT Annual maximum Maximum value of MMWT recorded HX-57k 80 B B ED HYEKED
1 fMMWT i = =
value of MMW nayear R i
Y-Min MMWT Annual minimum Minimum value of MMWT recorded H XK D H BED HEEKED
value of MMWT in a year ARG AR
Y-Max DMWT Annual maximum Maximum value of DMWT recorded FERE KR H 5 E0 HFEKED
water temperature in a year Bl
Y-Min DMWT Annual minimum Minimum value of DMWT recorded AE AR IR » B ED HEEKED
water temperature In a year B
N . - . — e - Water Temp Pro v2, %7zl HOBO Pendant Temperature Data
BKEDFAAEEKET—2 D&

WO A O AR Z RIMIZEHIT 272002, T
TEWLsI T AR b (35.13255 °N, 140.28210 °E) DK
9 m DEHEE O EMIEERT (35.13385 °N, 140.28399 °E)
DKE2 m OEHEICIRE 0 —2%E Lz, miSom
FREEEEIE 225 m TH B, 3B L ZHE o 5 —I1d HOBO

Logger UA-001-64 (Onset Computer £1:%4 ) T, 15 rE &%
30 Sy [EllE THiEKIEARE v 7 —I2idik S b K 5 IT3E
LT, 20104 BB L Z 1 T LICiEa F—23HmL
TKIET—ZZBIR L7, 2B, RS
EOFHIZ OV TIZ Kawase (2021) IZidiEE T3,
I —IZ 15 95 £ 721% 30 Sy bR Trddk S = el
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Table 2. Monthly seawater temperatures of the rocky reefs off Shimura Beach and off the Coastal Branch of Natural History Museum and Institute, Chiba
(henceforth referred as Museum) in Katsuura, Japan from 2010-2020.

Rocky reefs off Shimura Beach (9 m water depth) Rocky reefs off the Museum (2 m water depth)

. . Days of Days of . . Days of Days of

M-Max M-Min M-Max M-Min M-Max M-Min M-Max M-Min -
Year Month MMWT DMWT DMWT OWT OWT DMV{T DMVYT MMWT DMWT  DMWT OWT OWT DMVYT DM\YT
226 C <15 C 226 C <15 C

2010 Jul 194 *' 207 = 172 *' 237 *' 163 *' 0 *! 0 *!
Aug 247 26.5 18.9 29.1 16.6 5 0
Sep 253 27.9 227 29.0 214 7 0
Oct 23.1 24.9 21.1 255 20.3 0 0
Nov 212 232 19.2 23.8 183 0 0
Dec 17.3 19.7 14.0 20.4 13.2 0 4

2011 Jan 16.0 17.4 14.6 185 3.1 0 4
Feb 15.0 16.5 13.9 17.5 124 0 14
Mar 15.8 17.1 14.7 18.5 13.3 0 1
Apr 16.2 185 14.9 19.5 13.9 0 1
May 182 #2 206 # 152 %2 20.8 #2 137 #2 0 *2 0 *2 17.4 20.7 15.4 212 15.1 0 0
Jun 187 20.8 16.3 214 15.5 0 0 19.5 215 17.1 234 16.2 0 0
Jul 207 25.9 16.0 26.2 152 0 0 21.8 25.8 17.4 26.1 15.8 0 0
Aug 236 253 20.1 26.6 185 0 0 24.1 26.1 21.9 26.3 214 1 0
Sep 241 259 223 26.9 18.7 0 0 243 26.1 21.7 26.6 213 2 0
Oct 213 24.4 17.8 24.6 16.4 0 0 212 23.9 18.4 24.4 18.0 0 0
Nov  20.1 21.6 185 22.6 18.1 0 0 19.8 21.7 182 222 17.9 0 0
Dec 181 20.5 15.7 213 14.9 0 0 17.7 20.4 14.6 21.0 14.0 0 1

2012 Jan 15.6 17.0 143 17.1 13.9 0 7 16.1 ¥ 166 * 155 * 17.0 * 154 *° 0+ 0+
Feb 154 17.4 14.1 17.6 133 0 10 147 #* 156 # 137 #* 163 ** 119 0 # 8 x
Mar 159 17.7 143 18.0 13.4 0 10 15.9 17.6 14.1 18.4 13.7 0 8
Apr 154 18.7 11.9 19.4 11.6 0 11 15.6 19.3 122 21.1 11.1 0 10
May  18.6 20.1 15.7 202 14.3 0 0 19.2 20.2 17.8 21.7 16.7 0 0
Jun  19.0 212 16.1 223 14.9 0 0 19.7 21.8 17.0 22.7 15.5 0 0
Jul 19.7 223 17.1 23.8 15.9 0 0 213 23.9 18.8 25.1 17.0 0 0
Aug 241 27.0 19.8 28.0 17.6 10 0 253 27.4 21.7 28.9 18.4 16 0
Sep 244 25.7 23.1 27.3 19.8 0 0 25.0 26.2 234 27.9 23.0 4 0
Oct 231 24.0 213 24.1 20.6 0 0 23.1 24.0 21.2 24.9 19.9 0 0
Nov  19.6 212 185 21.6 183 0 0 19.4 21.0 18.2 21.7 16.8 0 0
Dec 169 19.4 14.7 20.0 14.1 0 4 16.6 19.3 13.8 19.7 12.7 0 7

2013 Jan  15.1 173 13.6 17.6 133 0 15 14.7 16.8 3.1 17.8 123 0 20
Feb 143 16.0 132 16.3 12.6 0 23 13.9 15.6 12.5 16.4 10.7 0 24
Mar 150 16.9 12.6 17.7 12.3 0 18 15.0 16.6 122 17.7 11.0 0 16
Apr 164 18.9 143 19.6 13.4 0 4 16.5 19.2 14.9 20.0 13.9 0 3
May  17.1 212 13.6 215 12.7 0 4 17.7 215 13.9 23.1 13.1 0 3
Jun 208 223 185 22.8 17.7 0 0 213 22.8 18.6 245 183 0 0
Jul 226 23.7 215 24.5 19.1 0 0 232 24.4 21.8 26.1 20.8 0 0
Aug 233 249 22.1 26.7 19.4 0 0 24.6 26.7 23.6 28.0 220 2 0
Sep 2438 274 22.8 27.7 20.4 5 0 25.0 27.4 232 28.1 21.7 5 0
Oct  23.1 25.5 20.4 25.9 20.3 0 0 23.0 255 20.3 26.4 19.9 0 0
Nov 192 224 16.2 228 15.8 0 0 18.9 22.1 15.8 22.6 152 0 0
Dec 174 19.0 16.0 19.3 15.9 0 0 17.1 18.8 15.7 19.1 15.1 0 0

2014 Jan  I5.1 16.7 13.6 17.0 3.1 0 13 14.7 16.4 3.1 17.1 12.5 0 23
Feb 149 16.1 14.0 16.6 12.1 0 18 14.5 16.1 13.5 16.7 112 0 22
Mar 138 16.2 12.3 16.5 11.9 0 24 13.8 16.2 12.1 17.6 11.6 0 24
Apr 165 18.1 14.8 18.7 14.4 0 2 16.6 18.1 14.8 19.4 14.1 0 2
May  17.9 19.4 153 20.1 13.4 0 0 184 203 16.1 22.6 14.6 0 0
Jun 189 20.8 16.5 21.9 14.8 0 0 20.1 21.6 17.9 24.1 16.6 0 0
Jul 208 233 183 252 152 0 0 222 253 20.2 273 17.2 0 0
Aug 216 24.9 17.5 254 16.8 0 0 225 252 182 26.7 173 0 0
Sep 246 26.8 21.8 272 215 2 0 24.6 26.8 21.9 27.4 21.6 3 0
Oct 223 24.4 20.8 249 18.8 0 0 222 242 20.6 24.8 18.8 0 0
Nov  20.1 225 17.8 22.8 17.4 0 0 19.8 223 17.4 23.0 16.5 0 0
Dec 165 18.9 14.6 19.3 13.7 0 2 15.9 18.6 13.8 19.0 12.6 0 4

2015 Jan 164 173 15.4 17.9 14.7 0 0 15.8 16.8 14.7 17.4 133 0 5
Feb 145 15.6 13.6 16.6 132 0 24 13.9 15.1 12.9 16.0 11.8 0 26
Mar 145 16.5 12.6 16.7 12.4 0 18 14.1 16.3 12.1 18.1 112 0 20
Apr 158 18.4 13.9 18.9 13.5 0 9 15.7 18.8 13.6 213 12.8 0 11
May  17.8 21.8 15.4 22.0 14.6 0 0 18.4 21.6 15.5 22.8 14.5 0 0
Jun  19.1 21.7 16.4 226 15.4 0 0 19.9 224 16.7 24.0 15.9 0 0
Jul 19.0 220 16.5 232 15.7 0 0 19.5 22.6 17.0 24.9 15.7 0 0
Aug 236 272 18.5 27.6 17.0 8 0 23.9 26.9 19.6 27.9 18.4 8 0
Sep 247 26.4 23.0 26.8 21.4 3 0 245 26.2 22.8 273 21.8 1 0
Oct 216 232 20.2 234 19.7 0 0 213 22.8 19.6 235 18.7 0 0
Nov  19.7 21.6 18.5 22.0 18.1 0 0 19.2 20.9 18.0 215 16.9 0 0
Dec 195 20.6 17.5 20.8 17.1 0 0 18.8 20.0 17.0 20.7 16.3 0 0

2016 Jan _ 16.8 193 148 19.7 144 0 1 16.1 18.7 13.9 193 131 0 7
Feb 159 18.8 14.5 19.0 13.8 0 4 15.3 18.5 13.8 19.1 12.2 0 14
Mar  16.1 17.3 15.0 17.8 14.5 0 1 15.7 16.7 14.5 18.6 13.3 0 5
Apr 177 19.5 15.6 19.8 155 0 0 17.6 19.3 153 214 14.9 0 0
May  18.1 20.5 152 21.0 143 0 0 18.5 21.1 15.6 23.1 14.3 0 0
Jun 192 20.8 17.2 213 15.7 0 0 202 21.7 17.6 23.6 16.5 0 0
Jul 216 23.9 17.6 24.8 16.4 0 0 232 25.1 19.7 26.3 18.1 0 0
Aug 254 27.0 235 27.6 20.6 10 0 26.0 27.4 23.8 283 223 16 0
Sep 249 26.1 233 26.7 21.7 2 0 252 26.6 234 28.2 23.1 7 0
Oct 236 252 213 255 20.8 0 0 235 252 20.9 25.8 20.1 0 0
Nov 214 23.0 18.7 233 183 0 0 21.1 22.9 18.2 233 16.9 0 0
Dec  17.9 19.5 15.1 19.7 14.6 0 0 17.6 19.2 14.7 19.9 13.6 0 1
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Table 2. (continued)

Rocky reefs off Shimura Beach (9 m water depth)

Rocky reefs off the Museum (2 m water depth)

M-Max  M-Min  M-Max  M-Min  D@8of Daysof M-Max  M-Min  M-Max  M-Min  D®$0f Daysof
Year Month MMWT > - @ " DMWT  DMWT MMWT " " @ ™ DMWT DMWT
DMWT DMWT  OWI owr L s DMWT DMWT  OWI owr  JRL 0 Clse
2017 Jan  16.1 185 4.4 18.8 3.9 0 5 15.9 183 14.0 193 128 0 7
Feb 155 16.8 14.7 17.1 14.2 0 8 153 16.5 143 173 132 0 10
Mar 152 16.5 13.7 16.7 13.1 0 12 15.2 16.1 13.6 17.5 13.0 0 12
Apr 154 16.5 139 17.0 13.5 0 10 15.7 16.7 14.2 19.2 13.7 0 7
May 163 18.9 14.6 20.4 13.7 0 5 17.4 20.5 15.1 229 14.6 0 0
Jun 189 21.2 15.9 22.0 14.1 0 0 19.8 22.0 17.2 238 16.3 0 0
Jul 216 243 18.6 254 17.2 0 0 234 258 19.5 282 17.8 0 0
Aug 249 26.6 223 27.6 19.3 5 0 25.8 27.7 23.0 29.1 22.6 14 0
Sep 237 25.4 22.7 25.7 18.9 0 0 23.9 253 228 259 21.7 0 0
Oct 220 25.1 19.8 253 19.5 0 0 21.7 25.0 19.5 257 18.6 0 0
Nov  20.0 215 17.6 21.7 17.4 0 0 19.5 212 16.9 219 16.4 0 0
Dec 176 19.2 16.5 19.5 16.1 0 0 17.0 18.8 15.9 19.6 15.0 0 0
2018 Jan 153 174 135 17.6 3.1 0 14 14.8 17.0 12.7 17.7 113 0 16
Feb  14.9 16.3 133 16.6 12.9 0 15 14.5 16.0 12.9 16.9 114 0 20
Mar 153 17.5 133 18.2 12.6 0 15 152 17.5 13.1 18.4 12.2 0 18
Apr 161 17.5 14.4 18.0 14.2 0 2 16.3 17.9 14.6 19.6 14.0 0 2
May 185 21.7 16.2 22.0 14.7 0 0 18.9 218 16.4 23.1 15.6 0 0
Jun 196 21.4 16.0 223 14.9 0 0 205 225 17.6 247 16.4 0 0
Jul 214 252 17.6 25.7 15.7 0 0 22.8 25.6 18.0 274 17.3 0 0
Aug 246 25.7 22.7 272 18.7 0 0 253 26.7 239 284 21.9 4 0
Sep 244 26.8 215 27.1 18.4 3 0 245 26.6 21.9 274 20.8 2 0
Oct 229 25.1 213 25.6 19.1 0 0 22.7 25.1 20.9 26.0 20.4 0 0
Nov 214 23.1 20.0 233 19.8 0 0 20.9 229 19.5 234 18.6 0 0
Dec 184 20.1 16.4 20.4 16.2 0 0 17.8 19.9 16.0 204 15.1 0 0
2019 Jan 161 18.0 143 182 13.6 0 6 155 173 136 18.0 123 0 10
Feb 155 17.4 14.2 17.9 13.5 0 9 14.9 17.2 13.4 17.8 124 0 14
Mar 156 17.2 142 17.9 13.7 0 6 153 17.1 14.1 18.8 13.1 0 15
Apr 159 17.2 14.5 17.5 13.3 0 6 15.9 174 14.5 189 13.9 0 8
May 162 18.4 14.4 19.9 133 0 2 16.9 19.4 14.6 217 13.7 0 1
Jun 178 19.7 15.7 21.9 13.7 0 0 18.6 213 16.5 236 14.7 0 0
Jul 204 242 17.1 253 15.7 0 0 21.2 24.8 17.7 25.7 16.0 0 0
Aug  23.0 26.3 18.7 273 16.2 2 0 23.8 26.6 19.8 279 17.9 5 0
Sep 244 273 20.7 27.6 19.5 2 0 24.7 273 21.7 28.0 20.5 4 0
Oct 229 252 20.6 25.8 18.3 0 0 22.9 25.1 215 26.0 20.8 0 0
Nov 204 222 19.3 229 18.8 0 0 20.1 22.0 18.8 229 17.1 0 0
Dec 186 20.6 16.9 20.7 16.3 0 0 18.2 20.4 16.3 20.7 15.0 0 0
2020 Jan 175 18.9 155 19.1 15.0 0 0 17.1 136 5.1 193 141 0 0
Feb 153 17.0 13.8 17.2 13.0 0 11 148 #5163 #5 132 5 170 # 112 # 05 12 %3
Mar 153 16.8 13.8 17.8 132 0 11
Apr 16,0 17.4 14.7 17.9 134 0 6
May  16.9 19.3 15.5 19.9 14.6 0 0
Jun  17.9 20.2 16.1 215 13.8 0 0
Jul 186 23.6 15.4 24.4 14.5 0 0
Aug 222 25.9 19.1 273 16.5 0 0
Sep 248 273 22.7 27.6 21.0 6 0
Oct 218 233 20.5 23.6 19.9 0 0

The monthly seawater temperature was calculated from the daily temperature data published by Kawase (2021). Table 1 lists the abbreviations of each
temperature. *!: calculated from the data from 14-31 July. *2: calculated from the data from 21-31 May. *3: calculated from the data from 1—4 January. *4:
calculated from the data from 16-29 February. *3: calculated from the data from 1-19 February.

Ki (OWT) &, @HpKED bR S iz B RSk
(DMWT), H & KiE (D-Max OWT), H & A& E
(D-Min OWT) & Kawase (2021) THFT—XBARHE
nNTwa. 2B, KKEOHTR, BT, EFIX Table 1 &
BBE N,

H SR K2 6 HEHKE (MMWT), H &K
(M-Max DMWT), HR{&KE (M-Min DMWT) %515
T5LeLbiT, ERKEOHRREME (M-Max OWT) &
AR (M-Min OWT) %R, £/, HFERKIEHN
26 °C LL_E (Days of DMWT >26 °C), 15 °C Kij (Days of
DMWT<15°C) ThsHMHEZFHR L% (Table2).

T D Table 2 DAMIT—&%ZH LITLT, 2010 4225
2020 4ED H BIEEIKIE (Mean MMWT),  H BIER kiR
D e (Max MMWT), A BI5FE B K iR KA (Min
MMWT), HREmAKE (SM-Max DMWT) & H BRI
AKii (SM-Min DMWT) ZFtH L7, £/, HFEEKE

H26°CLLE, FHIF15°CRIGIZRDZOEHADEZYDH
BOVEBME AR LTz (Table 3), L, Bl EOfEAE
I BB, RUMODBHDT—X (Table2 D "'~
PO ES N BE) EBRA L T2

7, Table2 DAMIT—4Z %L EIZLT, FHOT—
Z B0 T3 2012 452 B 2019 45 GERHfERT) B X
T 2011 4EH 5 2019 4 (Mg D FEWIBERT) D4 3Bk
(AMWT), HXEHKEDOERREE (Y-Max MMWT), H
SEB) K DA AR E (Y-Min MMWT), 4F % & Kk 5
(Y-Max DMWT) & AERAKKIE (Y-Min DMWT) %55
L. 72, 1 HOERPKED 26 °C LA L, /i 15°C
RIGIZ BAEM A B &R L (Table 4), fHL, 2012
iE 1 H & 2 HOWORMEERTOT — X ITiERAHH 5 7=
b, ZTOEOREITSEME L.
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Table 3. Monthly aggregated seawater temperatures of the rocky reefs off Shimura Beach and off the Museum in Katsuura, Japan from 2010-2020.

Rocky reefs off Shimura Beach (9 m water depth)

Rocky reefs off the Museum (2 m water depth)

Mean  Max Min SM-Max SM-Min Days of Days of Mean Max Min SM-Max  SM-Min Days of  Days of
Month DMWT DMWT DMWT  DMWT
MMWT MMWT MMWT DMWT DMWT . . MMWT MMWT MMWT DMWT DMWT . .
>26"C <15 C >26'C <15C
Jan 15.8 17.5 15.1 19.3 13.5 0.0 6.8 15.6 17.1 14.7 18.7 12.7 0.0 10.2
Feb 15.1 15.9 14.3 18.8 13.2 0.0 13.6 14.7 15.3 13.9 18.5 12.5 0.0 17.3
Mar 15.2 16.1 13.8 17.7 12.3 0.0 12.8 15.1 15.9 13.8 17.6 12.1 0.0 11.9
Apr 16.1 17.7 15.4 19.5 11.9 0.0 5.6 16.2 17.6 15.6 19.3 12.2 0.0 4.4
May 17.5 18.6 16.2 21.8 13.6 0.0 1.2 18.1 19.2 16.9 21.8 13.9 0.0 0.4
Jun 19.0 20.8 17.8 223 15.7 0.0 0.0 20.0 21.3 18.6 22.8 16.5 0.0 0.0
Jul 20.6 22.6 18.6 259 15.4 0.0 0.0 22.1 23.4 19.5 25.8 17.0 0.0 0.0
Aug 23.6 25.4 21.6 27.2 17.5 3.5 0.0 24.6 26.0 22.5 27.7 18.2 7.2 0.0
Sep 24.5 24.9 23.7 27.4 20.7 23 0.0 24.7 253 23.9 27.9 21.7 2.9 0.0
Oct 22.5 23.6 213 25.5 17.8 0.0 0.0 225 23.5 21.2 25.5 18.4 0.0 0.0
Nov 20.2 21.4 19.2 23.1 16.2 0.0 0.0 20.0 21.2 18.9 232 15.8 0.0 0.0
Dec 17.9 19.5 16.5 20.6 14.6 0.0 0.7 17.4 18.8 15.9 20.4 13.8 0.0 1.5

The monthly aggregated seawater temperature was calculated from the monthly data shown in Table 2. Table 1 lists the abbreviations of each temperature.

The data marked with * in Table 2 were excluded from the calculation.
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Fig. 2. Monthly aggregated seawater temperature of the rocky reefs off Shimura Beach (A and B) and off the Museum (C and D) in Katsuura, Japan from

2010-2020.

The thick lines, upper and lower horizontal half bars, and upper and lower horizontal bars (A and C) indicate the Mean MMWT, Max MMWT, Min
MMWT, SM-Max DMWT, and SM-Min DMWT, respectively. The black and white columns (B and D) indicate the monthly mean days of DMWT less
than 15 °C and 26 °C or higher, respectively. Table 1 lists the abbreviations. See Table 3 for the original data.

Bw R

1.8 « BH - SRR

2010 4EH> § 2020 4EF THY 10 2EBI 0 AR kIR, &
MR OERE OKE 9 m), HOMEHATO A OKE
2m) QWi THEAE 2 HE721% 3 AIT 15 °C |tk TiRIK
L0, 8 A%7=1Z 9 AT 25 °C Riff4 Tl & 72 57z (Table
2, Fig. 1A, C). HSEHIKIE & WK IRDRAE Rl (Table
2 ® M-Max DMWT & M-Max OWT D) 1%, &t
T ZENZEN 274 °C (2013 4£9 H), 28.0 °C (2012 4E
8 H), MEDWEiRTT27.9 °C (201049 H), 29.1 °C

(201748 H), HEHIKIE & &Rk IR O R 45 i Kl
(Table 2 ® M-Min DMWT & M-Min OWT D#Rf&fl) 1,
AR T 119 °C (20124E 4 ), 11.6 °C (2012 4F 4
), WEDHEWERTT 12.1°C (2014423 H, 20154E3 H),
10.7°C (201342 H) TPH o7 (Table 2, Fig. 1A, C).
HRPEEKINE, SRR, oM mEEiE S 9 HiT

REERY, TNENEE S HPHZ 245 (23.7~24.9) °C,
24.7 (23.9~25.3) °C Z itk L7205, HBIERIKIR O R
X8 HIZENEN 254 °C, 260 °C Zilk L7z (Table 3,
Fig. 2A, C). —J5, ARBPEAKRIZMHLS & 3 2 HITRK
LY, ZhZFh 151 (143~159)°C, 14.7 (13.9~15.3)°C
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Table 4. Annual seawater temperatures of the rocky reefs off Shimura Beach and off the Museum in Katsuura, Japan from 2011-2019.

Rocky reefs off Shimura Beach (9 m water depth)

Rocky reefs off the Museum (2 m water depth)

. . Daysof Days of . . Days of  Days of
Year AMWT Y-Max Y-Min Y-Max Y-Min DMWT DMWT AMWT Y-Max Y-Min Y-Max Y-Min DMWT DMWT
MMWT MMWT DMWT DMWT . ° MMWT MMWT DMWT DMWT . .

=26 C <15 C =226 C <15°C

2011 19.1 243 15.0 26.1 13.9 3 21
2012 19.0 24.4 15.4 27.0 11.9 10 42 19.8 * 253 * 14.7 * 274 * 122 * 20 * 33 *

2013 19.1 24.8 14.3 27.4 12.6 5 64 19.3 25.0 13.9 27.4 12.2 7 66

2014 18.6 24.6 13.8 26.8 12.3 2 59 18.8 24.6 13.8 26.8 12.1 3 75

2015 18.9 24.7 14.5 27.2 12.6 11 51 18.8 24.5 13.9 26.9 12.1 9 62

2016 19.9 25.4 15.9 27.0 14.5 12 6 20.0 26.0 15.3 27.4 13.8 23 27

2017 18.9 24.9 15.2 26.6 13.7 5 40 19.2 25.8 15.2 27.7 13.6 14 36

2018 19.4 24.6 14.9 26.8 13.3 3 46 19.6 253 14.5 26.7 12.7 6 56

2019 18.9 24.4 15.5 27.3 14.2 4 29 19.0 24.7 14.9 27.3 13.4 9 48

The anual seawater temperature was calculated from the monthly data shown in Table 2. Table 1 lists the abbreviations of each temperature. *: the annual
data were calculated from the incomplete monthly data. See Table 2 of *3 and **.
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Fig. 3. Annual seawater temperature of the rocky reefs off Shimura Beach (A and B) and off the Museum (C and D) in Katsuura, Japan from 2011-2019.
The thick lines, upper and lower horizontal half bars, and upper and lower horizontal bars (A and C) indicate the AMWT, Y-Max MMWT, Y-Min MMWT,
Y-Max DMWT, and Y-Min DMWT, respectively. The black and white columns (B and D) indicate the annual days of DMWT less than 15 °C and 26 °C or
higher, respectively. Table 1 lists the abbreviations. See Table 4 for the original data.

ZitEk Uizhs, ARPESSIEORIEMEIXm A THIh
3 HIZ 13.8°C %k L7z (Table 3, Fig. 2A, C).

AESERPKIR Ol & P, Bk (2012~2019
4E) T 19.1 (18.6~19.9) °C, D MMfiiAT (2011~2019 4%,
RMlDB B 2012 4E2 <) T 19.2 (18.8~20.0) °C TH o
7= (Table 4, Fig. 3A, C).

2. B¥ERKIED 26 °C Bl EE 2% 15°C Ko BE
SAHER I L O TEMERTO SHET, HVERIKIEDS 26
‘CLL Rz B X 8~9 Hiz, 15°C Rimizes X 12~
5 JIZHIBLL = (Table 2, Fig. 1B, D). HYEBIKEDS 26 °C
PRz ARV AL E S 8 T, ThEh
#1335 H, 72 BHHBIL, 15 °C RT3 BRRLZWN
Azl b2 AT, ZRZEnEH 13.6 H, 173 HIY
BlU7= (Table 3, Fig. 2B, D). F7=, HEHKIRAD 26 °C KL
iz 24 BB ER R (2012~2019 42) T2~
12 H, ORI (2011~2019 4E) T3~24 H, 15°C

Rz BERABIZZENEN 6~64 H, 21~75 H &7
D, WFNOHEDEIZX Y REREFHBR LN (Table
4, Fig. 3B, D).

B

T T A — % ik Ul b hhifg Rt i & e o F g i <Rt
WU 72 AR KIRRAERKIR, RO KIRAES) <4 —
VIZEKHEBILTWE, LA LAY S, AVERKEDORK
TRE A, E RO il R Il 2 ilsk L2 H
ICIRAERBAONE, 2OXHBHLNVDOKIRIZHER
BRLNEERND 1 D& LT, KigLBRREREIE
HLTWBAZLEHEZONE. Thbb, WO
OB T AES 2 m L, RBITIZEWERH O
BHEBIER SO TNBZ e D, ZOHDRBERLHIWIZL -
T TNEL « AN & =K DS B H i oD K IR I B
BMLTWBEEMERH B, Zhuzx UTERERThOB
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JIBE#A v

WA IIAKIED O m BB T, HEDTALATO BN
F EWIEHOWEKRDOBEIZFIZA VWEELZLND,

TR AR Y 2 —0fErh BEE OKIE 7m)
TOFHINZ X 5 &, 1982~2009 4 (1986 4E & 1992~1998
AERFRL) OABPELRKIRIE 9 AH23.5°C T, 3 H
A5 14.6 °C TR E 22V, HPERKIEOREFEIZ 2001 4F
9 HIZ25.7°Cy Heffifild 1985 4E 2 HIZ 124 °C Ziddk L
TW3 (FHEd»,2011). ZhizR LT, MwhEEEh
5 IEARIEEET 135 m 7= B RER P T O 4 RIORHIIT
&, ABERKIRZ 9 A28 24.5°C T, 2 AW 151 °C
TR LY, HFEEKIEOREEIZ 2016 4E 8 HIZ 25.4
°C, AKX 20144E3 Az 138 °C &gk Lz, £z,
R IZ BT 5 1982~1991 4E (1986 4E&FR) &
1999~2009 4FEDAF K IRIZZ NEN 18.6 °C, 19.0 °C
LB ENTWS (BHIED , 2011) DIZH LT, 2012
~2019 4ED ERMERMTIX 19.1 °C TH o . WS T
&, HEAKIRORHIG TR, ERHUIRIR AR
BERRDZZEND, TNHOEMEZFMIZHKETSZ &
WXTERVAD, SBlH RO E kT 5121E, A
LRIz T b bR 2E OWKIRIZ X VET S
REDKENRDS.

AR, HWERIERBALIZOE 5 kiR LRI & B EY
HOZBEAIZONT, HARPEROED Tlm S L5 &
HTRHOTER (Bl : HZEIFD ,2014), KEBRBIIZ X
M OZEALIZRUT FEPKIR O ERMEIRIZ K 5D T
72 <, KRR REKIROMKRER 7 L E 2B 2 Tw
AR H B EFEHIIHE LTS, Pz, AFTE
WRBEAIRANO IR LT BT, RS
BL Aok UCREFITEREL, 2ok T5
J&& U =S A DMK BB T 2 TR &% THEFT
DILENTELIPPE 1 BREORLERD, E8 2 B
DO, RIS L =BGk Z O KRB CEA
LRI ZEEST D2 LB TEDIPTH S, 51 Bl
OHLELTIE, KiR15°CRKifERIRZFOARRLE
ORkEHBARETF oD, EmMERBRIcX 5 L, TiE
VBTN R I S Bl 2R TH D F T Fa Y
F 3 7 v F Chaetodon auriga DIFAEEFEKIEIX 13.5 °C,
F3 I NNRA Y F Platax orbicularis TIX 14.8 °C & i
ENTVD (HHIES,2018). bbb, Thbnfulk
K 15 °C ki & 72 B WIS WAEITIE Z O Hblsk T4
T 5tk H B h5, KRR Sk EIZZZh E
TEREA U THE LMz A TEFEPB LN Z & 2R
BLTWS., TOLHIErbRB5 L, BERNZT-
TWAIBHTHIR R TIE, HEKEA 15 °C R d
HEWXEIZ X W REREGHRDH DT LD, PRV
VEBE AR A U TRAEDIRE DR T 5wl REMEIX B
B, VAR WL TLE ) Wilnd b L EXD
N3, HL, KKEBREIZE S S NEHE RO A7
AIREPEIZ DWW TR, iR o BEEM R KOKIRZZ T T
F72e <, EFETRERIKKETORBINRA X =D %
ERTDHELBIT, EBITT 4 —b R THEMAER L THR
Ak B AENH S,

—J, HEEHKIE BRSO R 7K IED 28 °C
Pl kiz72 2 HiZ &R, HomEEITo Wizl
WTHAELRLNT, 26°CLLEITRDHIZ 7~8 HIZH
U CREMIZHBIT ARIETH > . BlihihETSD
TR O NB | ATTH B A ¥ ¥ Parapristipoma
trilineatum °© 7 X Paralichthys olivaceus Dvala] 100%
BRI IR Z N ZN 33 °C, 31 °C T (LHIEA, 2018),
B TR OB BRI IZ & BN B3I 2
5EORBERETEIRNEEZONS, HL, A5
BRI THo72E LTH, mKiIZL D EAakikd
51535 (Lee et al., 1984), MM~ BITHEIC
HW LTV BERD B LEDNS,

AFGTIX, 2010 4FEA2 659 10 AFR O TR BB IR R
Tl S NIRRT —Z 20k LT, FRDKEETHD
R, kil - okiIZ 2 5 HEDAEEE) 72 EizDWn
THALTE . ZOHISOEE KR EABINOA7HE D X
IZRBETHDH, FL v Rolrzefr o iRZEL+HI77%
WIROKRT—2BPRoNTHRY, HEul—icks
AIEAHNZ S O L TS PETH Y, fFkt+nk
KR T — & W5 o T2 BT Z o Ml o ¥ kil _EFHET Nz
ONTiEmLEnEZEZLTNS,

B

BEa—OREIZ LY, Bl ey 7Y —EX
DEMRRBIZ T, ZAZY 7D RITHKAEEZX -
THWZ ST L THEEZET 5.
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Seawater Temperature of Rocky Reefs
Recorded by Data Logger from 2010-2020
in Katsuura, Pacific Coast of Japan

Hiroshi Kawase
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123 Yoshio, Katsuura 299-5242, Japan
E-mail: kawase@chiba-muse.or.jp

The seawater temperature of the rocky reefs off
Shimura Beach (9 m water depth) and off the Museum (2
m) in the Pacific coast of Japan have been recorded by
data loggers since 2010 in order to elucidate the
relationships between the long-term rise in the seawater
temperature and the changes in the biological fauna in the
area. According to the records until 2020, the monthly
mean water temperatures at both sites ranged from 14.7—
24.7 °C and 15.1-24.5 °C, and the annual mean water
temperatures were 19.1 °C and 19.2 °C. The annual
number of days when the daily mean water temperature
was less than 15 °C ranged from 6—64 days and 21-75
days, 26 °C or higher ranged from 2—12 days and 3-24
days; the large fluctuations of days were observed from
year to year at both sites. I discussed the effects of the low
water temperature in winter and the high water
temperature in summer on the tropical fish that have
advanced to the temperate zone and native temperate fish.
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