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EBOTWARWIRETH 5o FHARICIZHTE Ll
JHBLEVIREL2DODAVILYE DL, TDHH
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BRI L 520 707 R 4~ b 22 S 8IFE DK
YL I N (BARD 2022), —FH T, i/
W& TSR ORI T % Y TRgER (S
5 2016) RSN HSBOREIITPRTVWE LD
O (ZiH 5 2017) EEAM DL HNED L TR
ELTHLNTIE RV, 22 TARIFETIX, Hi/W
BOTEEVWOLZHELHONITT B2, (i
W D IRIBIC B TIRA Y O 547 A& 21T - 720
51T, BREER L AMS OB IO W TR
92720 BREM T O ERIE S ORERDIT - 72,

MR ERE

20214 3 A2 5 6 B2 CToRMI Tk, &
AR NI TR TR R OCBREREZ 17>
720 i/ WEB O E — 9 5 X 9 I215H0T
DOFRAM % %72 (Fig. 1. Table 1), s
DOFREEAT) AEE 3 X EREATRIEEORES

119 AEH 1 BTl o 720 KA HTIC B Wl
T EEP S FEN1ARPS 3ARDT AL Y 2B&, 5
A4 Y FIZEE - FHOHAY A Mg Lz, 7272
L. AEHSEORKEIZEY B - THoO LS 55—
HOEDH o7 KA A FTIE 3 2FroOME

Tosa Bay

10 km

Fig. 1. Map of the coast around Tosa Bay (upper) and
Uranouchi Bay (lower). The dots indicate the sampling sites.

Table 1. Sampling localities in this study. Geographical coordinates, the number of research points in the sites, sampling date, the
number of species observed and the number of analyzed individuals are shown in the table. The average values of environmental

data [salinity, oxygen reduction potential (ORP, mV), and grain size (um)] are also shown for each site.

Site Latitude Longitude  No. points  Date Species No. individuals  Salinity ORP  Grain size
1 33°25'59.9N  133°26'21.8E 15 2021.03.29 38 420 14.5 166.6 624.2
2 33°25'36.8N  133°26'00.1E 18  2021.03.30 47 1761 19.3 149.8 634.4
3 33°25'28.4N  133°24'27.8E 12 2021.03.31 21 1042 22.4 184.3 860.6
4 33°24'52.6N 133°24'12.3E 18  2021.04.01 35 2367 23.3 153.9 713.4
5 33°24'43.5N  133°23'08.0E 15 2021.04.26 25 701 24.2 110.7 596.5
6 33°24'35.6N  133°22'09.2E 12 2021.04.27 21 1010 23.8 120.9 785.8
7 33°24'51.9N 133°21'10.8E 9 2021.05.13 22 502 22.0 112.1 501.8
8 33°24'58.7N  133°21'02.3E 6 2021.06.01 12 1071 21.3 -38.5 310.2
9 33°26'58.7N  133°25'15.9E 12 2021.06.22 28 831 20.1 81.0 842.9
10 33°26'43.6N 133°25'04.6E 6 2021.06.22 14 405 6.1 163.7 643.9
11 33°25'48.2N  133°22'06.6E 6 2021.06.23 13 37 17.1 147.3 598.9
12 33°25'34.8N  133°21'42.9E 12 2021.06.23 23 585 17.0 77.9 681.3
13 33°25'54.7N  133°23'10.6E 12 2021.06.24 30 410 20.2 61.2 685.1
14 33°26'46.7N  133°24'16.6E 12 2021.06.25 32 764 21.7 112.4 752.2
15 33°26'37.0N  133°23'47.1E 6 2021.06.25 28 385 224 150.8 907.5
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RA Y MERELZ. HRA 2 M50 ecmlU GO 3
FS—b2iRE L, ZIIC0VEEREYZ T XTER
L THOREERITo70 ZDH%, I KI—Foh
WZHEE20 cmDO % 72 1E LT %320 cm E TOHN
DEEZW o720 ZOREEZ 2 mmA Y aD5hD
WIS HEA Y 2 T L O 2 217> 720 RIE
AW S AR b 2 DY T O [R & A HE 7 AR AR I BY
L CIEIMRER ISR )R ) BOREZ 1T 72 BiBEi
FICBHLTIEERS Y IO FT— FNIZBWTE
B o WAL T #® AL (ORP) % ORP &l (EcoSense
ORP15A, YSIHH#) TR L7z, S HIKEZH
10 el ) 12 A 72 L - HIBK O35 % B 5 E R
(EcoSense EC300A, YSI#t#) Tl L7 F72.
HZRA YV MOTERLRD 550G 2T WEED
R 2 3E i L 720 55 W0IEF A4 5 —DE#EL S
W (2 mm. 1 mm. 05mm. 025mm. 0.125 mm.
0.063mm) %\, 0.063mmD 55 \\%EE ) kit 7z
LOWZHLTIEZI V7 b A & L7 GRADISTAT
(Blott and Pye 2001) % H\» T FrJefi 4 % Folk
and Ward (1957) O FiEICHE-> THI L 72,
FARTICB T2 MBERE £ L5 L3RI
Shannon-Wiener ® % £k £ 48 %0 (H') %A M L 72
F /20 Wl NBOKAEAEY O EREZ LIRS 572
DIZT T RAY —fFNT AT o 120 AR O KD
HEE AR % W CTMorisita FMUETR B (C1) %
L. ZoFPE % ICIEINER A1 (UPGMA)
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12

No. Species
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SR - 2
WX DBREEZ/ER L 720 & 512, Similarity
percentage analysis (SIMPER) %347 (Clarke 1993)
FHWCTIZSAY —ICE ) RSN 318 R 7
V— T %53 B R & e L7z,
TENOBRBEER R - 9 - B LECEA)
L ERRIETRELE O E LA 72012, ERR AT
AT o 720 S EIHEZ M 2 72O IZBREER O
BICHMIEOBBRED 089 hEFRZEZ A,
ORP & H B DI A R 2 AHEI A 7z (Table
2)o TD72®, ORPZMNI LR & ZREETREL
RPE - M & OB D W TEMIE L 72,

R

AL 2 BT 7 A AT L IR 2 - 4THE
DIEAEY D BIEE SNz (Table 1), B3I
MBI I01FE (Table 3). #AEAEIL12.291 KT
Holze BMAERA Y MIBIT AT - 14FT
Ho7z (Fig. 2A)o HFWARAL ¥ MZBIFDLH

Table 2. The results of the linear regression analyses among
the three environmental variables. The lower left table
indicates F values, and the upper right table indicates P values.

Salinity ORP Grain size
Salinity - 0.73 0.44
ORP 0.13 - <0.01
Grain size 0.60 8.62

(8) 257

1 -
0.5

Shannon index (H")

HBH
H—H
HEH
tCeH

Site 1
Site 2
Site 3
Site 4
Site 5
Site 6
Site 7

Site 9

Site 10
Site 11
Site 12
Site 13
Site 14
Site 15

Fig. 2. Species diversity at each site of Uranouchi Bay. (A) The number of species observed at each site. (B) Shannon index (H")
calculated for each site. The box plots depict median (line), interquartile range (box), and general data range (whiskers). The dots
indicate the arithmetic mean. The box plots were depicted based on the value obtained at the points in the sites.
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FEfR¥ (H) 120 -232CTH Y (Fig. 2B). LHRRESR
B DN3132096TH o 720 ARHFZE TILERAKRE) P 235§
WELSBEINT T TH Y I = F
Batillaria multiformish e %  BlgE &, Z O
RENF4.325RTH D . ERD352% % Hd7zs K
WTEHLSBIEINTDNN D T T A Pirenella
pupiformis T, FOMREIILHBUEETH - 72 (4
1KD14.2%) o

7 A —fERT 2 Tl B O & A
BILEYHED TNV — T 3T 24T o 78R #/
WEOEMEEIZA B CO3DD 7V — T2
5N7z (Fig. 3)o SIMPERGHI OKEH, 7V —TA
EBIXEIZY I =F (FF53 1 272%) EBELICAAE
LCTWw7Zyua XY 7 T Y K Fistulobalanus
albicostatus (Z5-3:19.1%) OHBIHEDZEIZ X 5
TION—=THhm3iFohTniz, $72, ZV—T7AL
Clgx~\F % V) Pirenella nipponica (355-% : 30.8%)
HITTA (FEHH183%). YHAYTIIIYR (F
5.3:17.0%) OHBBHE DRI L > TT NV —Th%5
FoNTWAZEDNGoTze ZIV—TBECIEN
F5) (F5FE:300%) . 7 I =F (F5F:236%).
BT A (F5E210%) OMBBEDAEIZE 5T
TN—=ThniFbhn T (Fig 3). ThEhD
TNV—TB5MT AHEMOBEEZ KL E, 7
W — T CIZBERDOREDOM A H U550 LT\ 7z
DI LTy ZN—TABHBIL7201d, KO
BB ZIT5ETHo7 (Fig. 1. Fig. 4),
— 7} ZIv— 7B/ NE DRI 5 LT
72 (Fig. 1),

Dominant species

i Site9 Fistulobalanus albicostatus (201)
I Site 10 HIOREIantS GBE
:—‘——,—E Site 14 A Batillaira mu{llformls (86)
: Site 1 Magallana gigas (72)
! Site 12
| Site 13
Site 2
Site 5 Batillaria multiformis (426)
site 11 | B | Pirenella pupiformis (137)
Site 3 Fistulobalanus albicostatus (76)
Site 4
Site 6
, L sitet5 . —
| Site 7 Pirenella nipponica (372)

Batillaria multiformis (74)

02 03 04 05 06 07 08 09 10
Similarity

Fig. 3. The cluster dendrogram depicting the similarity of
species composition. Three groups (A — B) were identified at
the 50% similarity. The right side of the figure indicates the
dominant species in each group. The numbers in parentheses
indicate the number of individuals.
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RKIFZETIE, HAXRXY NRAFEEZOL Yy FTF—%
Ty 7B INT GO ITHMER S N
(Table 3). O THiERMAEHIZH (VU) 1258
NG E NS L FY ¥4 1 Hiatula adamsii
HSite 12 — M4IZBWTHE SRSz, Zofl
D16 L ARG HME (NT) 28Iz,

HEFIATOFGR SRREEREIE, BRI & 5Ru
DB Z ENHSEN L5572 (Table 4), JEKH
FEEDRKEWHLE TR, SRR E RIS BT
LIEMASR SNz —FH T, e SRERRED
MICXAEE MBI R SN2 -7 (Table 4),

Table 4. The results of the multiple linear regression analysis
for predicting species diversity in Uranouchi Bay.

Factor Estimate SE t P-value
Salinity  -0.00557 0.00800 -0.70 0.49
Grain size  0.00038 0.00015 2.49 0.01
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Fig. 4. The average of three environmental variables (salinity,
ORP, and grain size) in the three groups identified by the
cluster analysis. The box plots depict median (line),
interquartile range (box), and general data range (whiskers).
The dots indicate the arithmetic mean. The box plots were
depicted based on the value obtained at the points in the sites.
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Table 3. The distribution of the benthic species in Uranouchi Bay in Kochi. The species observed in the sites were
shown with “O.” The status indicates the rank based on the red data book of the Japanese Association of Benthology
(2012). VU represents vulnerable species and NT represents near threatened species.

. Sites
Phylum Species Japanese name Status 1 3 456 7809 10 11 12 13 14 15
Porifera Halichondria okadai PEEPEEE [¢]
Cnidaria Diadumene lineata BFOILIFXUFYY o o o [¢] [¢] O 0 o
bratul FIEELY o o o
Platyhelminthes  Polycladida sp. ESLVBED—7E 0000 o
Ischnochil Pt YREHSHA o o [¢) o
Acanthochitona achates EXTNEEYSHA o [el¢] o o
Patelloida pygmaea SRYAA 0 0O0 [elye} O 0 O [ele]
Patelloida conulus YARIHA NT [¢]
Nipponacmea radula HRYTAHA [OJNe) o]
Nipponacmea nigrans JEITAHA 00O o]
Lunella coreensis RAA O0OO0OO0OO0OO0O OO0 O o 0 O
Monodonta confusa ESZ S 00O [oNe]
Tegula rustica AVENAUHS [e] [e]
Clithon faba h/afi4 [¢] (o] o
Clithon retropictum AVIFAA [¢]
Nerita japonica TIHAA o
Nerita albicilla TIATHAA [¢]
Batillaria attramentaria RYDI=F o
Batillaria multiformis 93=% NT 0000000000 O O O O O
Cerithidea moerchii ThnFBY NT [¢] [¢]
Pirenella nipponica ~F4) NT (0] O oo (0] o o
Pirenella pupiformis hIT74 NT 000 [e] o O
Ergaea walshi EST3HA o 0Oo0o0oO0 o O 0O 0O O
Thylacodes adamsii AAA~EHA o
Polinices mammilla rSHA (0]
Drupella margariticola DRLATETY o
Reishia clavigera AR=2 oo 0o0o OO0 0O O 0 o
Nassarius festivus 73 0O000000O0O0 O 0 0 o0 o
Nassarius bellulus h=/74Lo0 NT [elye} o o
Laemodonta exaratoides DAAZIHA NT [¢]
Arcuatula senhousia R FRAA o o [¢] o o [¢]
Xenostrobus securis AYAT Y HTENY HA 0000 O oo O 0 o
Perna viridis SRS HA o [¢]
Mytilus galloprovincialis LFHFA A4 o
Septifer bilocularis 9TxyHA o
Barbatia virescens hYHRTHA oo o [¢]
Striarca symmetrica IIIHA o
Magallana nippona A0HFx [e] o
Saccostrea kegaki TH¥ [o)ye]
Magallana gigas TH¥ 0O0O0O0 [elye} O O O O O O
Coecella chinensis 9 FINHA o o [¢] [¢]
Meropesta nicobarica aFHA NT o O
Macoma contabulata HETS MY NT [¢]
Gari virescens FFNHA NT [¢]
Hiatula adamsii LTYFHA 0 o 0 o
Gafrarium divaricatum TRUHA NT OO
Cyclina sinensis FFoos 0000 o O
Ruditapes philippinarum 7YY oo 000000 O O O O O
Mya arenaria AA 7 B4 NT [¢) o]
Laternula gracilis VA4 o o} o}
Annelida Glycera macintoshi efigFay [¢]
Goniada japonica YIhFavRFay o o}
Glyceridae sp. FayHn—i& oo e} e}
Simplisetia erythraeensis arIhdA o o
Perinereis cultrifera ORI HhA 0O0oO0 o o (o] o
Polynoidae sp. YAALIHO—TE [¢]
Marphysa sanguinea ALY o
Cirriformia tentaculata SZXeFThA o o o
Loimia verrucosa FoFAIYIHA o
Terebellidae sp. THIThAHDO—5E o
Capitella sp. ArTHABD—E oo O
Notomastus latericeus SHLATHA [¢] O o0 o
Laonome sp. Laonome &M —FE o
Listriolobus sorbillans AFUIALY [¢]
Sipuncula sp. E2NHYHo—iE o
Siphonosoma cumanense ARV LVERF o
Arthrop Fi i TARTIDYR O00O0O0 [ele] O 0 O
Amphibalanus amphitrite AFUIIDYR 0Oo0o0oO0 o [ele] O 0 O
Amphibalanus eburneus FA)JHIDUR o o o o o o
Gammaridae sp. FTEHRO—FE ¢}
Ampithoidae sp. EXFAIATIERO—E [¢]
Gnorimosphaeroma rayi AVAYT LY o oo O O [¢]
Palaemon orientis FEIE [¢]
Metapenaeus moyebi EIE [¢]
Alpheus lobidens AVTYRIIE o)
Alpheus brevicristatus FuRDIE o o
Neotrypaea petalura ZFETY oo o
Upogebia issaeffi INIVATF D% [oXNe]
Upogebia yokoyai FAVvF7F T2 0O0O0O0 o
Pagurus minutus AEFHRUYEHY OO0 0O00O0O0O0 O 0 o0
Diogenes izanamiae AFFIVINENY o}
Diogenes nitidimanus FFAYVINEAY NT o} [e}Ne} [e] o o
Pyrhila pisum TAATVHA= NT oo0o
Charybdis (Charybdis ) japonica ALH= o
Leptodius exaratus Ao¥H= oo o o]
Eriocheir japonica EH)XA= [¢]
Hemigrapsus penicillatus TIYAIH= oo [e}ye} o O
Hemigrapsus takanoi BhI 29 4IH= ooo0 O o]
Gaetice depressus ESAVH= O0O0O0O0 o 0O 0 O O O O
Parasesarma bidens TRNAVH= [¢]
Austruca lactea AVA D% g S NT OO o
llyoplax pusilla FaA= o
Scopimera globosa =EAVE S i o 00O o O O o
Macrophthalmus (Mareotis ) banzai EXAVTRA A= NT (0]
Macrop (Mareotis ) j: i¢ YA YH= (0]
Atylotus suzukii AXXFAOF7T [¢]
Echinodermata  Patinapta ooplax EESAHYFTa [elNe] OO0 O O O
Heliocidaris crassispina LSHFH= o o}
Temnopleurus toreumaticus Hriany= o
Chordata Styela plicata ARy o 0O0o0O0O0 o o
Omobranchus fasciolatoceps rHFUR o
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BE

EAHIEE 2 BB W T, G0 o A A
MBI N, BARNICH DL ) —D2DOKERA
N{LTH A ETORA L I THIOHES Wi R
ol (BARB 222, VI=F - ANFFY-HT
TAREDY I = FHOMBUEARESIEFICE L
AR DT 7% % 505 Z LRSI N, 2D
£ 9 B HEE OFNOMAEEOM ) 2554+ Tl
fldH A4 b & L CTERRERR DMK 7 2 iR 23
Ronhs (Fig. 2B)o

7 I A5 — T ORE R, il WEBIZIZACO 3D
DY A TOEMEENI RSN SNHD T V—T
. BEREOZ Ny I = FERT VY REIZLD
O 5N TWiz, ZV—TADOREIZIE, 73
ZFEIL LD NIZY AT T VY ERNL LR
5i77: (Fig. 3)o ZNV—7AlZ, HENES O
HEAAIE L T2 ((F19168. Fig.4), 73 =
FEOEBICIEIABERRETH - 72D D 5.
FRCAH T 74, 7 I = FEHoh T H RIS ICE W
TLEPHISENTWD (HE - &Il 20000, D227
W—TATIX, D774 3ELBRINL» T
F/o, I =FIEFY I = FHEOR TR S
i AR S Do, BRI S s L 58
CEPEHEFLIEPHESNTVE ER - BN
2000), €070, KHESOHETIEY I =FI2D
WTHBESINLHEIMEL o RS D 5.
ZHUTH LT, GBS Wb IS0 5 7
V—7BTiZ (F¥21.3. Fig 4). 7 I =F 2w
WCE BB ENT, ZV—7Biili/ BTk bE
N7V —TThHY)., BERL AN, F
7ov ZIV—TFCIZBVTid, "I =FofkbhizA
FENENTTAEL L TWize ZV—TCHE
N7=oi%. i/ WEDORWIETH %Site 7 &Site 8
R THotze INSOYINIIEG 2 L KD
/NE L ORPAME W &\ 9 B A S 7z (Fig. 4)o
ANFFZVRHTTAIET I ZFICHRTEYRED
INEWER (BRRR) 2L E2MERI L TY
5 (BEAS2002), D729, Site 7813, Thb
OFEDOERIZHE L7ZBRETHL I EDREZOND,

SREEIREIL, EEREORZVERETHEICE
R BMEMA R Sz (Table 4)o JEEURLEERLK
ALY OREHEITE 2 52T L DD AT
ZRTHIHFMEINTWS (Nanami et al. 2005, Kanaya
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and Kikuchi 2008, Gogina and Zettler 2010), — 77
Ty KPR X WEBETIZORPD &< & AWML H
5720, REEDENIT X 2 YR 7 B A AW Sk
PEICE G- L Tw 00, 2k b ERILY 2R E
W BRE & B LTV 5 DO 2NE AT D S HIWr§ 5
CLIEHELV, MEOKREZIKEIX. BEIMAED O
RRNGIT2t L. S SICREAETAEWICITEE L7
fPEEE 2T LI ENELZONS, 72, ORP
DEARAILI 2 BRBE1E % < O AW I8 70 AR TG B b
THHDIZ LT, ORPA-100 mVE D /3<%
% L IRAEM DL RREDKIBIART 35 2 & 23l
ENTWD (RS 2002), L7ch%- T, B KE
DREZBEETIE, KB LORWEBLN LB L O
MNP LD AP T L R LW REYRH 5. &
WFZECid, o & 2 ML oBES IR Sk
o 720 YA HIEAEEW) DL Rl R B A 1 | 2
L2562 LI, A RIIRICL DRI LTS
(Wolff 1974, Zettler et al. 2007, Gogina and Zettler
2010, Kumar and Khan 2013) . A7 TG & 4%
P& OBFELAMBARA LN Lo 7-DIZ. BESH L,
i WEBWIZBT A1, BISIZER W Site 10%
B & BB/ S WU E ) (15 — 25). A Hb rd
HOERI/NE W DZEEZ N5,

AR E Y 17RO DTEANH /7 NIEIHERR S
N7z (Table 3)s €DHH. AT HFH A IFHAN
VINAREDOL Y RF—4% 7 v 7 CTHufEHITE
(VU) iz s (HANY b 225245 2012). HA%
HWCTHIESGEREN TS - HHATH S, i/ WNE
DOEOEOALM (Site 12 — 14) Tld, 2% FHA
WS CHETHO2 5200, 2INHoH
MIEHVHEOREZ EDLRXRXBELGITH A
EWEZOND, /2, MOL6HEIL, N¥ P AFER
DLy FY R MCH#MfiREfEEME (NT) IZiEEsh
TWwa (HANY b 2424 2012) 0 MBI, ¥
R I H A Patellida conulus® X ¥~ M+ ¥ 4=
Macrophthalmus (Mareotis) japonicus ® X 9512 1 #h
MTOARROD SN E, TFHTY )X FAHY
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Abstract

Conservation and sustainable use of biodiversity
resources are the major challenges of modern
society. To accomplish these objectives, it is crucial



to accumulate basic biodiversity data, including
distribution and abundance of organisms in the
focal region. However, the basic biodiversity data is
often insufficient, particularly at tide-flat
ecosystems. In this study, we conducted field
research to record the abundance and distribution
of benthic invertebrate species in Uranouchi Bay,
Kochi Prefecture in Japan. We recorded 12, 291
individuals from 15 sites in Uranouchi Bay and
found a total of 101 benthic species. The cluster
analysis identified three groups (A-C) in Uranouchi
Bay. Group A appeared at the locations with low
salinity, group C was observed at the site with low
oxygen reduction potential, and group B was
observed at the other sites broadly distributed
within the bay. The SIMPER analysis exhibited that
these groups were mainly characterized by the
abundance of Cerithioidean snails and barnacles.
We further found that the diversity of benthic
species was tightly correlated to a median grain size
at each research location. Since the grain size was
also strongly correlated to oxygen reduction
potential, we consider that large particle size and
higher oxygen levels both produce the environment
suitable for a large portion of benthic species. We
found 17 rare species in Uranouchi Bay, including
the bivalve Hiatula adamsii that is categorized as
Vulnerable (VU) in the red data book of the
Japanese Association of Benthology. Our study
demonstrated that there are a large number of
benthic organisms in Uranouchi Bay. These results
can provide basic information on biodiversity in this
region and also provide baseline ecological data
before the tsunami associated with the Nankai
megathrust earthquake predicted to occur in the
next 30 years.
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