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Abstract

Onchidium sp. A is a marine pulmonate gastropod mollusk that inhabits tidal flats. Although it is listed as
Endangered Species in the Red List of the Ministry of the Environment, the detailed ecology that is the
basic knowledge for conservation has not been clarified in Japan. The purpose of this study was to
investigate and clarify the ecology such as the activity and growth of Onchidium sp. A in Misho Bay, Ehime,
Japan, only one area where the inhabitation of Onchidium sp. A was observed from Shikoku Island.
Onchidium sp. A was uncovered on the dried tidal flats during April 21 to November 16, 2020. Feeding
behavior was observed after the tidal flats began to dry out, and the observed number of individuals tended
to be the highest within 2 hours before and after the lowest tide. Similar activities were observed at low tide
at night. The number of appearing individuals decreased in rainy weather.

Key words: distribution pattern; endangered mollusk; Onchidium sp. A; Misho Bay
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Fig. 1. Onchidium sp. A crawling while excreting on exposured tidal flat. Yellowish individual
is shown on the right.
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Fig. 2. Map showing locations of five survey stations (1-5) for Onchidium sp. A in the Misho

Bay, Ehime Prefecture, Japan.
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Fig. 3. Habitat overview
of five survey stations
(St. 1-5) for Onchidium
sp. A.
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Table 1. Meteorological data on survey dates in 2020.

Tide level (cm) Precipitation (mm)
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Apr. 23 — 141 69.1 328 142 177 426 — Apr.23 —  — 00 00 00 00 00 00 —
May 7 — 1147 715 36.7 190 227 471 863 — May7 — 00 00 00 00 00 00 00 —
May 22 — 1109 665 30.1 103 120 347 732 — May22 — 00 00 00 00 00 00 00 —
Jun. 5 131 881 482 201 104 215 508 917 — Jun5 00 00 00 00 00 00 00 00 —
Jun. 22 — — 982 540 185 -03 20 247 777 Jun.22 — — 00 00 00 00 00 00 00
Jul. 20 — 1063 634 270 54 36 223 574 101.1 Jul 20 — 00 00 00 00 00 00 00 00
Aug 5 — — 1064 618 255 59 78 308 696 Augs — — 00 00 00 00 00 00 00
Aug 19 — 895 477 180 75 189 496 92.6 Augl9 —~ — 00 00 00 00 00 00 00
Sep. 1 — 863 5001 25 172 288 574 968 — Sep.l — 00 00 00 00 00 00 00 —
Sep. 16 994 61.0 329 220 312 586 979 Sep. 16 00 00 00 00 00 00 05
Oct. 1 734 435 305 380 642 1027 Oct. 1 00 00 00 00 00 00
Oct. 17 — — 1147 776 532 478 628 941 — Oct. 17 — — 05 05 00 1.0 10 15 —
Nov. 2 - - — — 887 730 753 — — Nov.2 - - — — 00 10 10 - —
Nov. 16 — — 1080 851 777 879 1126 — Nov.16 — — — 00 00 00 00 00 —
Dec. 1 — 122 991 899 968 118 — Dec.1 —  — — 00 00 00 00 00 —
Air temparature (C) Sunshine hours (h)
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Apr. 23 — 141 146 149 155 161 154 — Apr. 23 — — 08 08 10 10 10 10 —
May 7 — 220 215 222 226 232 234 218 — May7 — 10 10 10 10 10 10 10 —
May 22 — 196 213 218 229 230 227 225 — May22 — 06 08 05 09 09 05 04 —
Jun. 5 234 253 274 2063 271 266 260 258 — Jun.5 1.0 1.0 1.0 10 1.0 1.0 10 1.0 —
Jun. 22 — 252 269 268 2064 265 272 276 Jun 22 — — 1.0 10 1.0 08 05 09 1.0
Jul. 20 29.0 300 29.7 299 299 302 297 293 Jul20 — 02 09 05 10 10 10 07 08
Aug 5 — 303 298 301 305 30.1 300 295 Aug)s — — 1.0 10 08 10 10 10 10
Aug 19 — 333 33.2 337 337 328 321 326 Augl9 — — 1.0 10 10 10 10 10 1.0
Sep. 1 30.7 321 316 321 321 295 310 —  Sep.l — 08 10 04 01 04 01 02 —
Sep. 16 229 235 244 249 250 250 243 — Sep.l6 — 00 00 00 00 00 00 00 —
Oct. 1 — 248 259 257 266 259 260 — Oct.l — — 1.0 1o 10 10 10 1.0 —
Oct. 17 — 159 156 159 158 161 — —  Oct. 17 — — 00 00 00 00 00 — —
Nov. 2 — — — 191 191 190 — —  Nov.2 — — — — 00 00 00 — —
Nov. 16 — — 236 239 234 230 225 — Nov. 16 — — — 10 04 02 03 00 —
Dec. 1 — — 142 154 157 159 159 — Dec 1 — — — 10 10 10 10 1.0 —
‘Wind speed* (m/s) Night survey
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Aug. 6 0:00 1:00 2:00 3:00
Apr. 23 — — 38 48 51 61 40 46 — Tidelevel (cm) 1043 836 788 912
May 7 — 44 60 53 52 49 29 17 — Temparatwre (C) 244 244 248 249
May 22 — 22 25 24 26 20 19 18 — Windscale (ms) 17 17 16 14
Jun. 5 08 11 21 18 1.6 19 24 21 — Precpitation (mm) 00 00 00 00
Jun. 22 — 41 43 49 37 17 17 14 Surface temparature (C)
Jul. 20 09 12 16 19 16 14 17 18 St. 1 10:00 11:00 12:00 13:00 14:00 15:00 16:00
Aug 5 — — 18 13 18 19 11 14 21 Aug38
Aug 19 —  — 30 24 31 20 18 22 21 Block 429 470 493 532 568 540 482
Sep. 1 36 31 16 20 26 18 13 Tidal flat 334 36.0 37.1 40.0 40.1 415 412
Sep. 16 10 09 15 19 18 24 11 Sep. 16
Oct. 1 — — 26 19 54 51 44 26 — Block 257 267 255 262 267 2577
Oct. 17 — — 15 19 le 11 15 — — Tidal flat 234 268 260 258 262 252 _
Nov. 2 A Hyphens indicate no tidal flat exposured.
Nov. 16 — — — 07 23 23 27 18 — % .
Dec. 1 12 34 3s 36 30 _ *Average wind speed.
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Table 2. Number of Onchidium sp. A individuals observed at five stations (St. 1-5).

St.1 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Total St.4 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Total
Apr.23 — — 0 0 0 2 2 1 — 5 May7 — — 11 17 12 5 1 0 — 46
May7 — 75 0 0 0 0 — 8 May22 — 0 22 3 33 29 21 3 — l#4
May22 — 0 0 0 3 7 0 — 10 JuS5 — 16 26 20 15 16 9 6 — 108
Jun. 5 0 152 43 13 10 2 8 3 — 231 Jun.22 — — 16 37 34 32 21 15 12 167
Jun. 22 109 43 14 11 19 20 4 220 Jul20 5 44 27 23 18 26 19 162
JulL20 — 30 54 30 16 11 1l 20 20 192 Aug5 — — 6 43 43 28 25 19 15 179
Aug5 — — 13 45 54 85 33 40 25 265 Augl9 — — 19 37 22 17 17 11 10 133
Aug 19 — — 45 34 26 17 12 4 0 138 Sep.1 — — 43 46 33 23 18 19 — 182
Sep.l — 20 30 28 10 9 11 1 — 109 Sep.16 — 16 30 35 34 41 30 1 — 187
Sep.16 — 45 8 71 65 51 43 0 — 355 Ol — — — 34 45 20 13 8§ — 129
Qct.1 — — 20 36 60 43 0 — 166 Oct.17 — — — 2 8 1 0o — — 11
Oct.17 — — 1 26 14 2 0 — — 4 Nov.2 — — — — 4 3 3 (| — 10
Nov.2 — — — — 11 4 — — 16 Nov.l6 — — — — 32 43 35 20 — 130
Nov. 16 46 66 52 39 9 212 Deec. 1 0 0 0 0 0 0
Dec.] — — — 0 0 0 0 0o — 0 SL5 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Total

St.2  8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Total Apr 23 — — — 0 0 0 0 — 0
Apr.23 — — 1 1 3 15 14 6 — 40 May?7l — — 6 9 4 0 0o — — 19
May7 — 90 56 29 11 7 1 0 — 194 May22 — — 0 10 11 16 17 10 — 64
May22 — 0 23 59 58 48 7 0 — 195 Jun5 — — 20 17 10 4 2 | 54
Jun.5  — 245 164 92 59 45 25 0 — 630 Jun22 — — — 12 1l 9 6 2 46
Jun.22 — — 84 152 54 23 8 2 4 327 Jul20 — — 10 4 8 8 9 15 — 54
JulL200 — 40 106 38 19 16 7 1 228 Aug5 — — — 25 9 14 20 19 10 97
Aug5 — — 5 159 154 122 88 68 27 623 Augl9 — — — 5 15 10 17 10 12 69
Aug 19 — — 87 58 22 23 11 4 0 205 Sep.1 — — 22 21 16 17 12 9 — 97
Sep. 1 7 122 75 26 6 8 1 245 Sep. 16 5 15 12 16 15 25 10 98
Sep.16 — 63 149 157 120 105 33 0 — 627 Oet.l — — — 6 22 14 24 12 — 78
Oct.1 — 0 11 6 32 7 0 0 — 119 Oet.17 — — — — 1 0 0o — — 1
Qct.17 — — — 3 0 0 0O — — 3 Nowv2 — — — — — 10 1 (| — 11
Nov.2 — — — — 0 0 —  — I Nov.l6 — — — — 15 13 14 18 — 60
Nov.16 — — — 15 30 20 14 2 — 8 Del — — — — Q0 0 0 I 0
Dec.l — — — 0 0 0 0 0 — 0 Nightsurvey

St.3 800 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 Total Aug.6 0:00 1:00 2:00 3:00
Apr.23 — — 1 1 1 2 1 0o — 6 st.1 37 40 22 3]

May 7 13 23 5 1 0 0 0 42 St.2 118 172 116 49
?ﬁfz : 209 ;3 21: 2: l; ; : : 16;) Hyphfens. indicate no tidal flat exposu.red.. '
2 1 10 13 7w s 8 s Bold 1.ndlcates the lgrgest number of 1nd1y1duals.
W20 s 1 4 2 s s 1 See Fig. 2 for locations of the survey stations.
Aug5 — — 5 2 20 17 17 10 2 97
Aug 19 — — 24 20 13 12 6 1 177
Sep.1 — 9 20 26 19 23 3 3 — 103
Sep.16 — 6 7 9 10 13 4 0 — 49
Oct.1 — — 7 21 23 7 0 0 — 58
Qct.17 — — 0 0 1 0 0o — — 1
Nov. 2 1 2 1 0 0 4
Nov.16 — — — 0 2 5 7 2 — 16
Dec.l — — — 0 0 0 0 0o — 0
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Table 3. Monthly body measurement averages (+S.D.) of Onchidium sp. A at five stations (St. 1-5). Where
the number of individuals differs from other measurements, the number of individuals is shown in square

brackets.
June 2 July 3 August 3 September 3 October 7 November 15 Total
St. 1 N=49 N=24 N=24 N=34 N=16 N=10 N=157
B. Length. (mm)  33.47+4.27* 32.72+3.07 30.70+4.58 29.09+3.35 29.46+4.80 28.26%5.35 31.78+5.10
Range  25.97~4531 29.03~37.93 22.65~39.34 21.39~34.83 17.78~36.27 22.60~36.32 17.78~4531
B. Width. (mm) 21.17+3.31 18.95+2 47 17.81+2.69 15.79£3.20 18.80+2.81 17.59+2.49 19.32+3.94
Range  12.01-26.81 15.79~23.67 12.71~24.57 10.83~21.66 13.22~22.81 14.47-21.22 10.83~26.81
B. Weight. (g)  1.98+0.45 [10] 3.74+1.06 [10] 2.62+0.97 2.33+0.68 1.96+0.79 231x0.96  2.51+0.96 [104]
Range  1.16~2.60 1.48~5.28 1.45~4.61 1.20~4.01 0.76-3.75 1.37-4.50 0.76~5.28
St.2 N=48 N=34 N=49 N=46 N=10 N=5 N=192
B. Length. (mm)  33.39+4.91 32.42+542 33.07£6.15 32.216.06 33.5244.95 25.72+5.44 32.66+5.70
Range 22.49-47.14 21.60~45.48 19.66~46.47 18.35-45.95 27.28-42.63 18.54~33.05 18.35~47.14
B. Width. (mm) 19.71%2.79 20.88+2.98 19.59+3.61 18.74+3.45 20.36+2.70 16.49+2.71 19.60+3.28
Range  14.68~27.61 14.86~27.04 11.82~27.91 26.21~12.40 16.51~23.71 13.20~20.42 11.82~27.91
B. Weight. (2)  4.7120.79 [10] 328087 [10] 3.27=1.20 [42] 3.08+1.01 3.19+0.50 1.98+0.94  3.25+1.12 [123]
Range  3.54~5.63 2.01~5.34 1.16~6.44 0.92-5.11 247-4.13 0.50~3.01 0.50~6.44
St.3 N=13 N=4 N=20 N=23 N=11 N=12 N=83
B. Length. (mm)  44.74%3.75 42.76+2 41 41.79+4.53 39.54+7.76 40.31+4.04 37.32+2.73 41.19+4.52
Range  39.02~50.51 39.83~45.52 34.55~52.54 31.12~48.50 34.23-46.10 33.20~4335 31.12~52.54
B. Width. (mm) 25.12+1.92 28.19+4.51 21.90+3.71 21.08+3.77 23.802.18 23.42+4.59 2293395
Range  21.54~28.02 23.27~34.08 13.88~32.06 12.24~27.84 19.67~28.76 17.48~29.95 12.24~34.08
B. Weight. (2)  7.83=1.40 [10] 7.2942.56 6.24+1.33 5.72+1.37 6.21+1.14 530£0.74  6.19=1.50 [80]
Range  5.23-~9.50 4.52~10.64 4.43-8.90 3.48-8.44 425-8.15 3.72-6.57 3.48~10.64
St. 4 N=33 N=3 N=25 N=46 N=29 N=15 N=153
B. Length. (mm)  41.397.70 41.61£2.68 41.46=8.60 38.23+8.73 39.10£9.92 39.3424.65 39.79+8.32
Range  25.32~57.54 38.88~45.58 26.40~58.68 22.07~65.25 13.14~55.42 28.80~45.90 13.14~62.25
B. Width. (mm) 23.49+4.20 25.58+2.15 22.815.55 20.82+4.20 24.69+5.36 2323395 22.81+4.78
Range  17.40~33.25 22.89~28.49 12.01~31.32 12.83~29.25 9.20~33.89 17.34~32.29 9.20~33.89
B. Weight. (2)  8.61=3.28 [10] 7.33+2.01 747+3.24 5.62+2.45 593251 6.22+1.66  6.39+2.73 [130]
Range  3.36~13.42 5.38~10.62 2.24~15.19 1.50~12.28 0.59~12.58 3.69-9.02 0.59~15.19
St.5 N=10 - N=15 N=14 N=18 N=9 N=66
B. Length. (mm)  45.17=3.41 - 43.17£5.58 29.60£10.13 38.5424.63 38.3444 44 38.67+8.11
Range  4142~52.66 — 30.21~54.33 11.83~42.73 28.27-43 81 33.98-48.06 11.83~54.33
B. Width. (mm) 24.26+2.16 — 25.1843.50 16.46+5.09 26.03£3.15 24.60=1.94 23352499
Range 21.77~27.93 — 16.94~29.65 7.14~23.66 18.44~30.91 21.81~26.97 7.14~30.91
B. Weight. (g) 8.36+1.39 — 6.96=1.56 3.36+2.53 532+1.73 5.23+0.87 5.7342.38
Range  6.58~10.71 — 3.26~9.97 0.23~7.87 2.16~8.82 4.10~6.54 0.23~10.71

See Fig. 2 for locations of the survey stations.

Aquatic Animals 2022 | May 1 | Takagi and Yamashita AA2022-7



K 13.36 mm., A1E 7.14mm) Th o7z, Fiz.
F R THIE U 7e 2 EAR D IRE O ol
St. 1,2 TlI/h&< (251g,325g) . St.3,4,5
?ﬁﬁ%<(6@g6”g5%9\$ljk
&&45®m5ﬁ?%h%Mﬁfﬁﬁ%
le (1 i) . JEEIZ wf&smﬂ
ERIE St 1 &l U TR -3/ h & < REE
ENRKREWVWZ LR RINTEDY (BRR
2005) . AWFFEORERIL St. 3 OFREHG L L
TOMENFHWFATREEEZ R LD EBE XD
ns,

B AT DB O R E OB %
Fig. 4 \Z777, St. 11£ 8, 9 HIT St. 1 DFELK
HE g LT RE EIR, 10 A3/ & 722 (E
A, St.2 1L 8 HiT K& 22 EKk, 8, 9 HIT/IhE
&@Wﬁﬁ%énéi5&@mmboto$

XARA I 208 U CRERREW—FHT/h
é&@%@ﬂﬂj@% XN hoTtz, St4,5

X, BRI R E RBEIRDBZ VA, 9 HITha
BRI S, BTHEESIAL TV D
ZEREZ LN,

ARFEDRREER N DO T 22 DR i Y)
TR BRI BREE C UL, IFEMICRE D RO
LNDITT TH D, APAE TIEABR R
TR hoTe, FaT UETFORESR
EIBIZOW TR ERFICHET 22 &, (KE
[ZOWTIE, R LN EE KBS
% (Fig.1) Z&26, RKPUCL v ZnooH|
EBRENRE Mo bDEEZ BND, T2,
AHEIZBNTIE, BV A X2 DWW TRIERE
GOIMEEZ T 2ol nh, THED
R REIC L > TIRNO Ky BERZENZENE
fbLlicZ &b B2x bbb, #EblRn e
T UETF O XD e a i BB OREERE
OPEIZOWTIE, LV EfE CIREZRHE
MTED XD RIERZZ TR THBEO—ER
T2 2 &0, RENERITHRE SO E

B R R 70 EREMEA BRI TAT 5 MEN
b5,

Fe7UeFoLsROFME FE

Fe7UesFRaots B L ToMMiE
wAERMOEE, ARMEEL, BE, a7y
EFTOREZNHFHE L7z (Table 4),

WO B S N EE N OTFIR O fEAK O
WMAVAT IRV ORRNT U TITFEL TV D
M. St LITBHROAN LT 0y 7 O#RICHEL
TR TH Y . AT T v v 7 ORI E
DT |y 7 RIOMBEREEM 72 & O F 2 H 45
Fre LTRHIAL TS, AL ry 7i#FED
AL LToOMEIEWLOO, BEH0ER
REICIXEES L 7 b7 » 7 RIEORETL 60C
<1272 % (Table 1) & & HIZF % 2 KEfH
FREE TR 5, St 12 W CIEEh R o
HUL S TR O T HIBRGRRE N & 1 FEf# 4 £ Tl
HHZLIFEDOZE LREREH L EEbiS,
EROBERERY A AR/ PENT & EED
BIRRINRENT & (BRI 2005) 226, fHY5
&L TOMEITMAMIICENbL D EB X b
L5, HFENAKE N &S —EDME KN
BYO,. St 1 IIAFES A THEED Z BN L LT
BRIZFALTWAERMTHL EEZON
b, T2, Ty 7#ERORIITHKER S
V. T a7 ORI D AKEOKNREHH L
TNz, 2021 AEFE I I R R O EEBL TN
1T, 7u v 7i#Es HKBORBIZEX
RO DM FBNERE SN D,
St DRI B DOFHKBEORD B E S
2

St. 2 1 St. 1 2R L 7= TR HiAViATe/ N &
IRV D W RN TE R S LRI CH Y | £l
ORI DI =D TR EFRE LT
FIHLTWS, BENGWI ENLEY A X
DRORNSINELOD, HOLREOHEMES H Y
EARE L ZWVERRTH D,

St. 3 7B Ik O T O & D Wb AT /K #Hh 2 3
FUAT/ NI ED OB JEHICH vV | AfE &
FEORMERENE LTHHALTWS, BHEN
MbESEEY A X RENWZ LD, B
THEMOEWVERRTHD LW D, @

Aquatic Animals 2022 | May 1 | Takagi and Yamashita AA2022-7



St. 1 St. 2 St. 3

Jun 30 30 30
20 20 20
(n) | 10 10 10
o N 0 p— | 0 p—
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Jul. | 30 3
20 20 20
10 10 10
R — . B . e
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Aug. | 0 30 30
20 20 20
0 0 0
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Sep. 30 30 30
20 20 20
10 10 10 l
0 o — 0
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Oct. | 3° 30 30
20 20 20
10 _ 10 10
o o L o ol
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12
Nov. | 30 30 30
20 20 20
10 10 10
o Hmm 0 — 0 _.—
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12

Fig. 4. Histograms showing monthly body weight distribution of Onchidium sp. A at five survey
stations (St. 1-5) during June to November 2020.
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Fig. 4. continued.
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Table 4. Area of five survey stations (Sts. 1-5) in Misho Bay, and maximum number of individuals,
maximum density and overall average body weight of Onchidium sp. A observed at five stations.

Habitat area Max. no. of Max. Density Average body
(m?) individual (Ind./m”) weight (g)
St. 1 338 152 0.45 251+0096
St. 2 150 245 1.63 325+1.12
St. 3 15 33 2.20 530+0.74
St. 4 110 46 0.42 6.26 £ 1.66
St. 5 42 30 0.71 523+2738

See Fig. 2 for locations of the survey stations.
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