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Fig. 1. The map of Urado Bay in Kochi. The numbers on the
map indicate the sampling location in this study.

Table 1. Sampling localities in this study. Geographical coordinates, The number of research points in the sites, sampling date,

and the number of species observed are shown in the table. The environmental data (salinity, ORP, and grain size) is also shown

for each site.

Site Latitude Longitude No. points Date Species Salinity ORP Grain size
1 33°29'60.0"N 133°32'45.1"E 2 2020.9.4 9 1.29 -42.0 213.3
2 33°30'35.5"N 133°33'17.8"E 6 2020.6.22 34 0.75 -0.7 400.5
3 33°31'15.8"N 133°33'04.4"E 5 2020.7.20 21 0.65 142.8 322.5
4 33°31'23.4"N 133°34'09.1"E 2 2020.9.3 23 1.28 41.0 1096.8
5 33°32'11.9"N 133°32'59.4"E 5 2020.6.23 31 1.20 -31.8 557.4
6 33°33'03.2"N 133°33'32.8"E 7 2020.6.9 26 1.78 128.5 784.3
7 33°33'24.6"N 133°32'34.1"E 5 2020.6.24 23 0.47 98.2 889.3
8 33°32'44.6"N 133°33'58.8"E 4 2020.6.4 29 1.16 -113.3 40.4
9 33°33'27.9"N 133°34'10.3"E 1 2020.9.2 12 1.02 -86.0 205.4
10 33°33'49.4"N 133°32'57.1"E 1 2020.7.22 9 0.30 -277.0 197.6
11 33°34'17.5"N 133°34'23.3"E 7 2020.6.5 32 0.83 132.9 315.3
12 33°34'19.7"N 133°35'06.5"E 5 2020.7.21 23 0.34 9.6 288.4
13 33°34'41.1"N 133°34'15.7"E 2 2020.9.17 13 0.14 -50.0 96.8
14 33°34'34.5"N 133°33'49.6"E 7 2020.6.25 27 0.47 -27.4 482.7
15 33°34'28.6"N 133°33'20.2"E 2 2020.8.18 9 0.64 -154.5 129.6
16 33°34'28.0"N 133°33'11.1"E 3 2020.8.18 16 0.27 -74.0 308.8
17 33°34'27.1"N 133°33'02.4"E 1 2020.8.17 5 0.30 -184.0 253.4
18 33°34'28.7"N 133°32'55.4"E 2 2020.8.14 11 0.07 -68.0 906.7
19 33°34'21.7"N 133°32'35.0"E 1 2020.8.14 10 0.03 28.0 49.3
20 33°34'22.8"N 133°32'09.8"E 2 2020.9.2 8 0.18 -10.0 1037.7
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Table 2. The distribution of the benthic species in Urado Bay in Kochi. The detailed information on the sampling sites is shown in

EDRREADY AR/ F 2 S

Table 1. The species observed in the sites were shown with “O.”

Phylum Species Japanese name Sites
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Annelida Hediste atoka EAYT bHTTDA 0O O O O o o o
Hediste diadroma YT rhIIThA o O o O O o O O o O o o
Perinereis wilsoni A4y Thg o
Perinereis mictodonta RFAVIhA o
Tylorrhynchus osawai AR o o o o
Nereididae sp. 1 TIhABHO—E1 o} o o
Nereididae sp. 2 Sh4A HO—H2 o o
Goniada japonica YY hFavxFay o o o
Laonome albicingillum = Elad)] o
Cirriformia comosa SXeFThA o0 o0 O o
Capitellidae sp. A FTIhMHO—E 0O O O o o o
Pontodrilus litoralis 1V33X o o O O O 0o o o o o
Arthropoda Hemigrapsus takanoi BhI T I94 VA= 0O O 0O o o o O o
Hemigrapsus penicillatus IR YR o o o o o o
Ptychognathus barbatus TIYESAVERF o
Ptychognathus ishii BATUESAVEFE o
Ptychognathus capillidigitatus EXAESAVERF o
Helice tridens TFINTH= o o o
Varuna yui BATVFFESAVA= o
Varunidae sp. 1Y H=HO—iE o
Chasmagnathus convexus NIH= o
Acmaeopleura parvula EATALYH= o o o
Eriocheir japonica EHXA= o o o o
Parasesarma tripectinis AEThRUTAH= o
Parasesarma pictum hoRvrAHi= o [e] o] (o] o
Perisesarma bidens TR H= o O 0O O O O o o o
Sesarmops intermedium Ry H= o
Chiromantes dehaani PAR T o o O o o o O
Sesarmidae sp. RurA H=HO—i o
Deiratonotus cristatum FUTTEFRF o O O O o o o o O
Macrophthalmus abbreviatus THH= o
Macrophthalmus banzai [=F o s o o o o o o
Macrophthalmus japonicus YR hAYH= o O [¢] o
llyoplax pusilla FaH= o o o o o o o o o
Deiratonotus japonicus HIRFH= o
Camptandrium sexdentatum LYNTFTYTrH= o o
Pilumnopeus makianus TFrS/AH= o
Pyrhila pisum TAATVH= o]
Hymenosomatidae sp. YISH-HO—H o} o o
Pagurus minutus AEFHRUYEHY o O o O o
Upogebia issaeffi NILRATH S v [e]
Upogebia yokoyai EERG DAL o o o
Upogebia major FFTwa o o
Neotrypaea japonica ZhRVRFETY o o
Alpheus lobidens AUFvRYITE o o o o
Alpheus brevicristatus FyRyTE o o o
Laomedia astacina NHTLraIE o
Palaemon macrodactylus AEFHRUTE o
Gnorimosphaeroma sp. AYAVILYRO—TE o o
Sphaeroma wadai AITRYAYTLY o o
Idoteidae sp. AT LIHO—TE o
Gyge ovalis IEATFTrav LY o
Cyathura muromiensis LAIRFIIFFIY o o o
Ganmmaridea sp. EEEd: 3=k 1 0O 0O O O O o o O o
Balanus trigonus HohyIoUR o
Balanus kondakovi rFo2ovR o
Amphibalanus amphitrite LBFUITTVEK o o o o
Amphibalanus improvisus A—[yRTTYR o O o O o] o O
Fistulobalanus albicostatus TRARTI VYR 0 0o o o o o o
Chordata Mugilogobius abei TANE o o o o [oNe] o O o
Acentrogobius virgatulus ZEnt o
Taenioides sp. FIIRARBO—IE o o o
Periophthalmus modestus rFENE [e] o o o
Eutaeniichthys gilli EENE o [¢)
Hippichthys penicillus HoFoqvany o
Mollusca Mytilopsis sallei A48T o o
Trapezium liratum PE S e g o O
Cyclina sinensis ER 0O O O O o o
Corbicula japonica YT U o o o O O 0O o o o o
Xenostrobus securis a9 hTENYAA o o O o0 o o o o o
Laternula gracilis A DF R o o o o o
Crassostrea gigas THx 0O 0 o o o o o o o o o
Mytilus galloprovincialis LFHFAHA 0O O o0 o o] o
Clithon retropictus 1o3% o 0O o0 o o o o o o
Clithon faba h/afi4 0O 0 0O 0o 0o 0o o o o o o o o o o o
Phenacolepas sp. EFIFRZA o
Brachystomia bipyramidata NEDSHFELE RS o
Assiminea japonica hIYrvavhiq o o o o o o
Stenomelania rufescens Br/ahI=% o 0O 0O 0O 0o 0o oo o o o
Nemertea Cerebratulus communis FTEIEELY 0O O O o o o O o O o O o
Entoprocta Cheilostomata sp. BOEO—E o o
Magnoliophyta  Phragmites australis EDS o o o o o o o
Typha angustifolia EAHT o o
Bolboschoenus planiculmis AEIFYHS o] o o O
Eleocharis parvula FrRq o O o o o
Zostera japonica aA7vE o O o O o O
Chiorophyta Ulva sp. TAHYBRO—E o
Cladophora sp. AT o o
Gelidium divaricatum EAFUTY o
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Fig. 2. The community structure of the benthic species in
Urado Bay in Kochi. The result of the cluster analysis is
shown on the left side of the figure. We detected seven groups
(A-G) by dividing the clusters at 3 in the relative distance
estimated from Jaccard index. The geographical locations of
the groups in Urado Bay were visualized on the map on the
right.
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Fig. 3. The average values of the environmental variables in
each group (A-G) that is identified by the cluster analysis. (A)
Salinity (B) grain size (C) ORP. The error bars represent =SD.

Table 3. The results of the Canonical Correspondence
Analysis. The eigenvalues indicate the amount of variance
explained by each axis and the inter-set correlation with three
environmental variables (salinity, ORP, and grain size)
indicates the contribution of each environmental variable for

each axis.
Axis1  Axis2 ~ Axis3
Eigenvalue 0.317 0.085 0.065
Species—environment correlation 0.812 0.673 0.602
Percentage of species variance 7.6 2 1.6

Inter-set correlation with environmental variables

Salinity 0.807 -0.071 0.033
ORP 0.219 0.392 -0.461
Grain size 0.109 0.652 0.125
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Fig. 4. The result of the CCA analysis. The arrows indicate the relationship between the environmental variables and the

ordination axes.
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Abstract

Environmental factors are of particular importance in
structuring species diversity that determines the stability
and productivity of ecosystems. There are various
environments in intertidal tide-flats, and many organisms
with a broad taxonomic range co-occur in a relatively
small spatial area in-between marine and terrestrial
habitats. Thereby, the tide-flat provides an ideal system to

study species diversity along environmental gradients.

38



EDRREADY AR/ F 2 S

Urado Bay in Kochi Prefecture, Japan, is a shallow bay
with a number of tide-flats. We conducted the field
research at 20 sampling sites, including 70 research points
in Urado Bay. We found 89 species of benthic organisms,
some of which are listed as threatened species. The cluster
analysis based on species composition detected two main
groups within the bay. One group was distributed in a high
salinity region around the middle part of the bay, and the
other was located in a low salinity region near the closed-

off section of the bay. Canonical correspondence analysis
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revealed that the distribution pattern of benthic organisms
in Urado Bay was strongly affected by salinity, oxygen
reduction potential, and sediment grain size. Our study
demonstrated that these environmental factors are essential
components to shape the spatial structure of benthic
organisms in Urado Bay.

Key words: species diversity, benthic organisms,
tide-flat, Urado Bay



