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Species richness and status of Red List macrozoobenthos species at Ena Bay
on the southern Miura Peninsula in comparison with 9 tidal flats located from
Tokyo-Bay to the Kii Peninsula
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Abstract: Survey by the benthos researchers and citizen-based monitoring of intertidal macrozoobenthos was conducted in
Ena Bay, southern Miura Peninsula, Kanagawa Prefecture, Japan, from 2013 to 2022. The species richness, including
endangered species in Ena Bay, was compared with those for 9 tidal flats from Tokyo Bay to the Kii Peninsula (<500 km
spatial scale). Species richness was highest in Ena-Bay (356 taxa), which was characterized by high numbers of mollusks,
annelids, and arthropods inhabiting various habitats (reed marshes, seagrass, rocky and boulder zones, and sandy to muddy
bottoms). The number of endangered taxa was highest in Tanabe (59 taxa), followed by Ago Bay (50 taxa), Ena Bay
(44 taxa), Banzu (40 taxa). Tanabe had 14 indigenous endangered taxa, followed by Ago Bay with 8 taxa, Ena Bay with 6
taxa. Therefore, these tidal flats were considered to precious habitat for conserving Red List macrozoobenthos species. The
high macrozoobenthic diversity in Ena Bay was partly due to the high diversities of habitats and environments within a
relatively small area at a small spatial scale (<1 km). The macrozoobenthos observed in the southern Miura Peninsula (i.e.,
Ena, Bishamon, and Koajiro Bays) included many taxa that were nearly extinct in the adjacent Tokyo Bay, a highly urban-
ized and anthropogenically disturbed bay. The macrozoobenthic communities at the tidal flats in southern Miura Peninsula
are a potential source of endangered macrozoobenthos in the metapopulation network in the region.

Key Words: Ena Bay, Endangered species, Macrozoobenthos, Miura Peninsula, Species richness, Tidal flat
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2001, Yuhara et al. 2021, &7 6 2022). EREEE A 2008 4F
LHEMLTVEE=XY ¥ ZY A k1000 TEHE LR
(&= 1000 FIEHE] cBVWT, JtiBE» M E T8
FRICBT 2y F 20T DO HBLKIH % # 2
v, ERELLILEE» SRS 2 o494 b (2R
RIS, HEINTE S & WIS 5 110~212 ) & 0 Hifd
gREE» O Z To 494 b (FEREHNL, HEEE, Ok
TR S & EIE)TS s 257~32208) Th £, 7
FICOW T RO NEm 2 & b4 Tw 3 (2008~
2016 FED 7 — & & FIC T EITRS R 5 $5R 5 2019). 20
E91, HARREOTE~NY b 223 78 65U
FEEILR)" oA LN TEY, ThBEEEYOZ
Bt i CiREm e 2D, 222082 CIXF T
38\ ) REKM s X 2 fEHT O FS SR (Tittensor et al. 2010,
Chaudhary et al. 2016) ¥ b7 JEL 7RV, —77, K O/hS7i
LA — BV TUE, ETRREERET D L5 %
RN OECICINZ T, 7<EE - g a VE,
EAHPEHEOER Y oo 2y b O D TR
VR ARHEO LSRR RO ERIRN Y HE T 5 LCcE
ERPEReEZ LD ORK « KRHE 1999, HAN Y b 2%
£:2012, M5 2013 5 2016, &4 6 2022, A1l 2022).

ARFEICBCTEES (2023) PHELTW3 L1,
I B R i 00 VL4571 NPO i A\ OWS (The Oceanic
Wildlife Society) %%, 2013 44> & MK O 2 15T T8
TR OMRE LML TE Y, 2022 FT 10 F5
OMEF—22EBEL T3, &7z, AL ZHPEEICE
T2 BYDPIETIE 2013 4, 2014 4, 2018 £, /INERE
T3 2013 4 ¥ 2014 FFICEAEFVI OFRES TR bR T0 .
AHETIE, ZTED 3 » IO FHOEABYIRHEED 5
b, FHILEBOTFEICEHL T, Ihzcicidikshic
Fofike zoficEznzmPi (Ly FY2 @) @
HEDRMIC O WT, RO E Y20 23565 TH 2
B LRHORERBIC» T TOREERFERIC B TiTbh
IO ERR e ot et AT, 2ofRIcHEO S, A
Mgy b 2FEOERIEE L JIEFL T3 ERIZOW
THETT 2 ¢ v bic, HEUEINCAIE T 2 =il 5 e
DTEOFHE L U Z DIREDEFRIC OV TERT 3.

b7l P

M

TIZBE MR B o el it L, mfllas A
BV IZIET, PHINEADILY 2o T3 (Fig. 1). DA
DL (A=Y 7) 121349 5.1 ha DI THEDFEEL, BRI
3 ¥ Phragmites australis 3% U T W MEEHI Y 722 0, ik
R /NIRRT 2. AT Y 7 ORI
oy, AR 720, B oWREK : THrERSTH
Widnzd ezl onsoTva, Holtdfll Bz
7) BT SHER A 6 72 2RI TS (1.1 ha) ¥
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7o TEY, TRHOBEIHESH, BEL@EL THEN
W S/NIDSHRA L T B, JEREITE o BN, fapk
P ¥ o> T3, W FEOM FHICE? <€
Zostera marina 3285 FIRIEF L, WIETT O E~JE K
WALJLHEIPHIC 2 7 < % Zostera japonica 3L L T\ 3
(B1L 2022, 243 5 2023). TLATEOVERE D (23 BIDPEHS
HY, ZIWXHMIETEH 2P TEPFEL D, B
WMEcbar<EB L7 EN Sy FIRICEBF LT
3. A0V, AT H 2 KRR &

INS T2 B mPUTT) Sy FHB—o &b, Y
Bopufl] GHEZSHD (2 MERB?H Y, Z ITHESTH
DO 70 ha CMEROFR) 232011 4512 5 AR BT RBRkH
FrplfRethsicigE s n, Mesntez (FS 2013,
2015,2017). DA OVEHI—H 12 Id 3 ha 1F € O T8
DT, FEEDEEY 2o T aEMbH 5. THOE
BiEWE~EETHY, a7 EIldHLNL. WRE -
BN 25 3 VED A LR, W MR T~
DHELNE. ZOTERIZ2011E 3 AOFAARKES
REOHPEIC L » TEHELCER L. (B 2017).
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Fig. 1. Map and locations of Ena, Bishamon and Koajiro Bays in
the southern Miura Peninsula, Kanagawa Prefecture, Japan. The
other seven tidal flats located along the Pacific Coast from
Tokyo-Bay to the Kii Peninsula are also shown.
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E£= 1000 THEHFA (ERBIE 2022) 1I2HWVT, 2008 105
HETHOITEY, KFETIEZD S H 2013 HF£~2021
FEZTOFETHEHE L2 ENRY Lz, 7— %38

i R - AL - BULPME - REHIDT - &

%

BE=2Y Y ZHA b 1000 % - TEHFAZEIC & 3 2013 FE
~2021 FEEOMEHE» L AT LIc BREEE 2022). &7c,
AT ¥ SBT3 E = 1000 THRAE O 194 b ¥
L THEDSfTONTEY, 2055 2016 F~2021 & T
OFEREFICOCT, RREOEFEEZDO—~ANTHZH 1 MR
ZHEOANDFITEOF—2 2 @H L. €= 1000 T
AL, STENIC4~6 K1 v P 2FREL, ZnEh 15
SEOEEREZ 2y MEITO e HIZ, a RS —
b Goecm BENOEREFH 2 H Y > b)) carHr T I—
@1Sem D 27 THESI20em 2 TEEHIE L, 2mm X ¥
T aThd-oOLMIEEYZH Y~ b)) RV IERH
BERA Y MECS »ITTITo T 2. HEIC KRER
13 2014 F-~2018 F 12 H2HE S N7 FAA (Yuhara et al. 2021)
OFERZFIH Lz, HE)I e KEZ)IToOMER, »e
2y MEICANY b AEE 2 BT OB ERE 21T,
2015 4F ¥ 2017 ka7 H v 75— Ao EREE
@PI15em D a7 TEHES 20em £ TEHIPE, 1mm X v ¥ 2)
PHRA Y MBI 3 A T T3 (Yuhara et al. 2021). B
M8, /MRS, HEI, REXINC BT 2RETIEE
= 1000 TEMAED FEC3HE TRE 305, HEAOE
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2 2[Al—OWMREDPEROREICSH L T0E 2 ehb,
FHEREE IO T —EoILEESEEL S 2 e EZ b 3.

o OMBEICEB Y A HEMEy —EHRICLT, Ly RY
2 DA F Y —¥ ¥ H I Table ES1 IR L 72, AHE
BTS2y FY 2 MEOFEEICOVTE, EBEELY K
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Table 1. The three tidal flats in the southern Miura Peninsula (surveyed in this study) and another seven tidal flats (reported data). The survey

methods for each site, reference, surveyed year, and season are shown.

Site Survey method Reference Year Months

Chiba Pref.

Banzu AN TR Monitoring site 1000; Free sensus—+quant. survey a 20132021 May to Jun.
Kanagawa Pref.

Ena Bay TLAE Citizen survey and/or Free sensus this study 2013-2022 Apr. to Jul.

Bishamon Bay BB Citizen survey and/or Free sensus this study 2013,14,18 May

Koajiro Bay IR Citizen survey and/or Free sensus this study 2013,14 Apr, May
Shizuoka Pref.

Aono River HEI Free sensus (-+quant. survey in 2015, 2017) b 2014-2018 Mar. to Dec.

Ogamo River KRN Free sensus (+-quant. survey in 2015, 2017) b 2014-2018 Mar. to Dec.
Aichi Pref.

Shiokawa WIFE Monitoring site 1000; Free sensus-+quant. survey a 2013-2021 Apr. to Jun.
Mie Pref.

Matsunase A W15 Monitoring site 1000; Free sensus+quant. survey c 2016-2021 Apr. to Jun.

Ago Bay YLET Monitoring site 1000; Free sensus-+quant. survey c 20162021 Apr. to May
Wakayama Pref.

Tanabe B A Monitoring site 1000; Free sensus+quant. survey a 20132021 Jun. to Jul.

a. Data provided by the Ministry of the Environment Monitoring Sites 1000 Project (https://www.biodic.go.jp/moni1000/findings/reports/).

b. Yuhara et al. (2021), c. Data provided by Tacko Kimura.
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Fig. 2. Number of macrozoobenthic species and those on the Red
List recorded in 10 tidal flats along the Pacific Coast between from
Tokyo Bay to the Kii Peninsula. (a). Macrozoobenthic species,
(b). Red List species.
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Table 2. Numbers of total and endangered macrozoobenthic taxa at 10 tidal flats along the Pacific Coast of Japan from Tokyo Bay to the Kii Peninsula.

Site *

BNZ ENA BIS KOA AON OGA SHI MTN AGO TNB
Total taxa 237 356 206 94 59 59 110 108 139 279

Number of endangered taxa in each Red List category
CR+EN 4 2 2 0 0 2 2 7 3
VU 5 6 4 3 4 2 8 9 11 8
NT 28 32 17 18 13 17 20 21 29 44
DD 3 4 1 1 0 2 0 3 4
Total red list species 40 44 24 23 18 19 32 32 50 59
% of endangered tax to total 17 12 12 24 31 32 29 30 36 21
Number of surveyed year 9 10 3 2 5 5 9 6 6 9

* Site names: Banzu (BNZ), Ena Bay (ENA), Bishamon Bay (BIS), Koajiro Bay (KOA), Aono River (AON), Ogamo River (OGA), Shiokawa
(SHID), Matsunase (MTN), Ago Bay (AGO), and Tanabe (TNB). "™ Red List and category: CR+EN, critically endangered or endangered;

VU, vulnerable; NT, near threatened; DD, data deficient.

ARBICE T3 /VEOHVKR—HRIBIEN Y, BiEEN,
BEE S & OIRCEND
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X ¥ F % 7 Synandwakia hozawai (3N TIE C ILRE T &
Lt o4t (2 vy v F v LY E K F Scolanthus
ena, LY E R ¥ F v F v 7 F Edwardsiidae spp., /T 7
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BTU7OWEELLZNVTYFYLAVERFENFTTY
1Y FYF v roEES NI

WAEII D 5 b, KEE T 45 Hom PR HIRL 72.
RYZ CRLES N DIHILED 20 f, RHEEED 17
FE, DUF, BMTEeWIITEO 15, mAETEO 14
Mehole, ILRBTRIOESIBIL, 759 2<*
Circulus duplicatus (A =) 7K, ¥ I a3t v X
Melanochlamys fukudai (AB iz ) 7HHEE), a Xy 7y
Z 5 Acteocina cf. decoratoides (A =) 7HMRIE) (3EEIE
Ly RYZRRTVUTHY, ViR 3 Patelloida conulus (A
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Table 3. List of endangered macrozoobenthos at 10 tidal flats along the Pacific Coast of Japan from Tokyo Bay to the Kii Peninsula.

) Occurence of endangered taxa at each site * Red List category b
Japanese name Ratin name N

BNZ ENA BIS KOA AON OGA SHI MTN AGO TNB Highest MOE Mar JAB
ANVT VIV AVERF Scolanthus ena @] DD DD
LAVERFEFVF X 2R Edwardsiidae spp. @] O @] DD DD
NFOTAVF Y F v Paracondylactis sp. O O DD DD
RO IALVFYF v Synandwakia hozawai @] @] NT NT
REFNAAVFUIF D Paranthus sociatus O O vu vu

Fvato¥ Cerithium torresi O CR+EN CR+EN EN
ary ) 7T Cerithium coralium O O O NT NT NT
h¥ /) IHh=%Y Clypeomorus bifasciata O NT NT NT
vIi=F Batillaria multiformis O O O O O O @] O NT NT NT
ARy I= Batillaria zonalis O O vu vu vu

AVEATF YV ay "A iminea” yoshidayukioi (@] @) NT NT NT
VTHIF v ay " Assimined” estuarina O O O @] NT NT NT
LYY RYAUHFYTa D Assiminea parasitologica O NT NT NT
LR LYY RYATYF YT a Y Assiminea aff. parasitologica O O O @] O NT NT NT
ANZLVATF Y ay "Nanivitrea” sp. O O vu vu NT

LEA N FavyeIsA Melanella tanabensis @] O vu A48 VU
E=F- 1 Eunaticina papilla O NT NT NT
aZaY =1 Epitonium clementinum O NT NT NT
t¥EY Epitonium robillardi O NT NT NT
A=/ FhLn Nassarius bellulus O NT NT NT

vhxaad b ar¥y Cingulina aff. circinata O O O DD DD DD
AT EI:EE ) Pyrgulina shigeyasui O O NT NT NT
RANIZFEFL "Sayella” sp. A O NT NT NT
x4 b ATFY Turbonilla scrobiculata O NT NT NT
VA4 IIIHA Cassidula plecotrematoides japonica O CR+EN CR+EN EN

Fe7vEF Paromoionchis tumidus O A48 A48 VU
INRDF A Pinna attenuata O @] NT NT NT
FXAVFFFHA Exolaternula sp. O VU A%

aFF a4 Laternula impura O O CR+EN CR+EN EN

—yRYeXTH Pseudogaleomma japonica O O NT NT NT

AV 2 A A Jitlada jovenilis O O NT NT NT
HYrrJs by Limecola contabulata O O O NT NT NT
¥ o504 Nitidotellina hokkaidoensis O O O O NT NT NT
AW 5 Nitidotellina minuta O NT NT NT
A FavyI Y Serratina diaphana O CR+EN CR+EN EN
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Table 3. Continued.

Occurence of endangered taxa at each site * Red List category o

Japanese name Ratin name

BNZ ENA BIS KOA AON OGA SHI MTN AGO TNB Highest MOE Mar JAB

UrFTEeY Neotrapezium liratum @] @] O @] NT NT

2RV FERF Trapezium (Neotrapezium) subl O NT NT NT
VA XA Anomalodiscus squamosus O O NT NT NT
I F A Circe undatina O O NT NT NT
rvHA4 Gafrarium divaricatum O O NT
A4 kX Tvlorrhynchus osawai NT NT
THLY Halla okudai O EN NT EN
YoNY T A Chaetopterus cautus O @] O O O O O EN EN VU
LAXT T LY Mesochaetopterus japonicus O O O vu NT vu
vEVA FahA Notomastus cf. latericeus O O O NT NT

HIHTIVR Amphibalanus reticulatus @] NT NT
FAYAHFuyazy Grandidierella osakaensis O O DD DD DD
bxfFpyazy Paragrandidierella minima O O NT NT
wvru—75yRuTE Alpheus nomurai O NT NT
a7y 7FYra Upogebia sakaii O vu vu vu

~XaTvH= Pyrhila pisum O O O O O O O O O NT NT
NI = Chasmagnathus convexus O O O O @] O O O O NT NT NT
EXTIUNTH= Helicana japonica O O O O (@) NT NT NT
AXFHAY = Hemigrapsus longitarsis @] O NT NT
FrET7VEIAYHT=ERF Parapyxidognathus deianira O O NT NT

IITH= Clistocoeloma nobile O O NT NT NT
NUTAT= Orisarma intermedium O O O O O VU NT VU
IV TH= Parasesarma affine O O O O A48 NT VU
AT ARV TA = Parasesarma tripectinis O O O O @] O O @] NT NT NT
FRY2 A= Pinnixa balanoglossana O EN VU EN

EXAY < hFY A= Macrophthalmus banzai O O O NT NT NT
FAaarrvr Tritodynamia rathbunae O @] EN EN 44
LINT )T H= Camptandrium sexdentatum O O NT NT NT
NI AFH= Deiratonotus japonicus @] O NT NT NT
UFUAAY) Fva Oestergrenia dubia

Released year of Red List 2020 2017 2012

* Site names: Banzu (BNZ), Ena Bay (ENA), Bishamon Bay (BIS), Koajiro Bay (KOA), Aono River (AON), Ogamo River (OGA), Shiokawa (SHI), Matsunase (MTN), Ago Bay (AGO), and Ta-
nabe (TNB). " Red List and category: Highest, highest rank amomg the three lists; MOE, Kankyo-sho (2020); Mar, Kankyo-sho (2017); JAB, Nihon Bentosu Gakkai (2012). EX, extinct; CR,
critically endangered; EN, endangered; CR+EN, critically endangered or endangered; VU, vulnerable; NT, near thr d; DD, data defici
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