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Ding Yuhao', Taku Yoshiyama®, Shingo Akita®* and Daisuke Fujita*: Epizoic macroalgae attached on
shells of the horned turban Zirbo sazae inhabiting Nakane Reef, Jogashima Island, Kanagawa Prefecture,
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Molluscan shells provide hard substrata for sessile organisms including macroalgae, but little is known
in Japanese shells. In the present study, we investigated seasonal changes in the epizoic macroalgal
flora on the horned turban Turbo sazae to reveal its potential as the macroalgal habitat. A total of 122
shells (55.5 = 11.2 mm on average) were collected every 2—-3 months from July 2020 to November
2021 at Nakane Reef, Jogashima Island, Kanagawa Prefecture, Japan. The following macroalgae
were morphologically and/or genetically identified: two green algae Cladophora hutchinsiae and Ulva
adhaerens, one brown alga Colpomenia claytoniae and eight red algae Amphiroa sp., Champia lubrica,
Corallina berterot, Lithophyllum neo-okamurae, L. prototypum, Lithophyllum sp., Peyssonnelia sp., and
Prerocladiella capillacea. Average species number of the epizoic macroalgae was 4.5 + 1.4 species per
shell. The shell length and species number of macroalgae increased in winter. According to GLM
analysis, season strongly influenced on species number rather than shell length. Compared with the
previous floristic survey, the epizoic macroalgae include potentially specific species besides common
algae. The epizoic macroalgae on such widely distributing commercial gastropods can be used as an
environmental indicator, exhibition samples showing habitats, and supplementary foods during their
stock culture.
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REIY O Hild, RIEMEAEYDELT 2 NaAERHE
%D, BEEEERGEDEWEENRES N TV AIEFELERER
DEMZ RN ZZZ TS (Bell 2005), 7 7V AT
SHARDI X/ 7T Y Haliotis midae Linnaeus TZRAEMEAE
VIOBEMENRARSONTED, TOROER (Gl <X
DEMEHFMEDI TR REINT VS (Zeeman et al. 2013),
iz, ZVFTAHARDFT VT AT T A Oxystele sinensis
(Gmelin) &, #&HiY > TED 1 H Spongites discoideus (Foslie)
Penrose & Woelkerling DFEZEEREHICEZ->TWVB EWVS
(Eager et al. 2015), TNS5IEWVITNEIEEEHOEITH B H,
THREFEICBWTE, 177U DN — RV T HAIET,
INRYFH A RO Pinna rudis Linnaeus O HiREmE OEYZ

FREDED DMK E XD @ SITNA T, R i
WFIET BT EDWRENT NS (Lopes et al. 2020), HAT
WY a7 UROBRERICELE T 2 iEN < BN EN,
VR AT Tegula rustica (Gmelin) DRSS H114 ./ 71
Y7 Olokunia japonica (Segawa) Pestana, Lyra, Cassano & J.M.C.
Nunes (LLHifl&, Cruoriopsis japonica Segawa) (Segawa 1941,
Pestana et al 2021) 5%, A5 A Lunella correensis (Récluz) @
Hi&h 5 14 I9E Pseudocladophora conchopheria (Sakai) C.
Boedeker & Leliaert (LARGIX, Cladophora conchopheria Sakai)
(Sakai 1964, Boedeker e al. 2012) AFt#iE N TV 3, K,
BETIEATESL (F - B 1986), 2L (il - 55 1993),
REH (il 5 1999), EFE e EEwmOLAERF King &
Wada 2001, Yamada e al. 2003, Kagawa & Chiba 2019) HVi
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NHENTWVWB, i, —NICEEEKE EXTRE, &
B, EAREL L THIS NS IFERE/KZ IR L ThTR LTz
IKFEC, BEREEICERT 2V XAV AT ZEE LK)
Ti&, RV AT Saccharina japonica var. religiosa (Miyabe)
Yotsukura, Kawashima, T. Kawai, T. Abe & Druehl ( L fij &,
Laminaria religiosa Miyabe) = X JU X Devaleraca inkyuleei
Skriptsova & Mas. Suzuki (LA &, Palmaria palmata auct.
non (Linnaeus) F. Weber & D. Mohr) 7 & 10 flD#gsh Hik
MO L EHEEIN TS (Fujita 2004), LLEORIZED,
5, Higldific & > CTHEEGELREO D THHEF A %,

EANDY 27 ROBERBH TR EERNZ S, BAI
FHETN TV DY YL Turbo sazac Fukuda (& - iH:
2019) TH %, TP TORORMMIIHOVEL DD (ak
K 2008), ELOMFENEEL TS [eg /KFET (2021)
DK 4-3-2], HEHLDOHIBED, TP LOHBRICEET 51
BICDOWTRAE I NBIE WD, KB DORTH 57
&, WEOEZEENEWIZT Tk, REEDmROEEE
BELUTHRELTWS AREELEZSNS, £2T, #FE5
EHRRICEE T SO L ZDOFMALOfIHZHN E L
T, EfZ@E L T Y 28R USRI ORIE Zi Tz D
THET %o

MRERE
HH T ORE

T ORI AR = B O IRKEE
itz > Z—0defll o EE FRRED I JAA B A TR
(35°13'55.2"N, 139°62'47.1"E) T, 202047 H ~ 2021 4
11 HIZSCUBA XA ¥/ A2 X D i LTz, HHRIX, b
ICHENTAREMIRD SR T, RIEBHKE6 m TH D, H

IRICE 59 28, /1Y R Ecklonia cava Kjellman & 75 i
YA€ THoTle, THZLUNOEGHETYIE, LIYF
v = Heliocidaris crassispina (A. Agassiz), 71 > 77 ¥ Diadema
setosum (Leske) 7 Z Y F 4 > 4 ¥ Diadema clarki Tkeda T
Holzo YV IRLTYF T/ NIERIE, AR, PREIC
BT 21 T 0y 7 B KRB O BEEEFE ORRRICA DA
ATVBT ENZo Tz,

Y T OREHBOREMEALIL, 2020 47 H 15 HIC 18
fEfk, 10 A 20 HIC 18 {ffA, 11 H 25 HiC 16 f{k, 2021 4F
D2 H 3 HIC 6 ik, 3 H 23 HIC 5 {ifk, 4 H 28 HIC 6 fEfk,
7 A 30 Hic 10 @k, 9 A 28 HIZ 30 fE{k, 11 A 30 Hic 13
ik, &Eh122 A TH -7,

REOAIE & HIRERDFE

Y LOREZ /) F A% THIE Uz, HERUiEEE
IKDOWT, HERED 10 7— R Ttk Uiz, WsE, £9
SUEERED SRIE L, RAMAEER R L IZERIC DV TE
HH (1998) #BEICHEF IO CHEaMEE clE Lz, —7,
JEREIC & B A E D W RIEEIC DOV T, EERETED
SUETRERFEML, 70% TR/ —)LX—I8—&ZF)
TEARHOBENDNEM R EN - 721%, BE T HRZH
2L TRz FEE LTz,

BILFEROBG

BT IVDA /7 I DNA 13 ISOPLANT 11 (=R ¥ —
v, HAR) THI U, M, SHBERMSHEE LT
JBDS > 7 DREEED DNAN—I—F ¢ > 7 — RN 7558
e, 7’I4v—BXU PCR &M FNENDIRATIIZHC
-7z (Table 1), PCRIX, KISIAHZ KOD FX Neo (B

Table 1. List of primer sets and genetic regions used for molecular based identification in each taxon.

Taxa Code FR Primer Sequence (5'-3') Region Source
ITS-F F GGAAGGAGAAGTCGTAACAAGG
Cladophora ITS Deng et al. (2012)
ITS-R R ATTCCCAAACAACCCGACTC
ITS1 F TTTGTACACACCGCCCG .
Uba ITS Shimada ez al. (2008)
1TS2 R GAATTCTGCAATTCACA
. PRB-F2 F TTCCAAGGCCCAGCAACAGGT
Colpomenia rbcL Kogame et al. (1999)
PRB-R2 R CCTTTAACCATTAAGGGATC
i GazF1 F TCAACAAATCATAAAGATATTGG
Amphiroa COI Kogame ez al. (2017)
GazR1 R ACTTCTGGATGTCCAAAAAAYCA
. F8 F GGTGAATTCCATACGCTAAAATG
Champia rbcL. Suzuki et al. (2010)
R1381ii R ATCTTTCCATAAATCTAAAGC
. F7 F AACTCTGTAGTAGAACGNACAAG
Corallina rbcL Yang ez al. (2016)
R753 R GCTCTTTCATACATATCTTCC
. psbAF1 F ATGACTGCTACTTTAGAAAGAC .
Lithophyllum PsbA Torrano-Silva et al. (2018)
psbAR2 R TCATGCATWACTTCCATACCTA
. F8 F GGTGAATTCCATACGCTAAAATG
Peyssonnelia rbcL Kato et al. (2009)
R727 R GCAGCTGTAACATTCATGTA
. F57 F GTAATTCCATATGCTAAAATGGG
Prerocladiella rbcL. Wang ez al. (2017)
R1381 R ATCTTTCCATAGATCTAAAGC
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i, HA) OBURGHAFICCVAEL, Y—<IT A 75—
(T100TM Thermal Cycler, Bio-Rad Laboratories, USA) T 5
Jiti U 7zo PCR W) % Exo SAPIT (Thermo Fisher Scientific,
USA) THBUTt,, —7 Y ARISB X URITEy—7 >
AP —EA¥EH (FASMAC, HA) ICZ&RELTz, BbNhifeT—
2%, AliView 1.26 (Larsson 2014) ZffH L, F#T7 51
AV bL, HEEZRE Uz, E U TEERSIE, web
¢ Nucleotide BLAST % nr/nt 7—ZX— XA CHEMiL, A3
7, E-value B K UHHLE 225 ICHIRGE G R Z X7,
BERAEDFFEE OELUE TRLY L& ICiE, Nucleotide
BLAST Cax¥iL7chiddlz 2 CX Yy u— KL, 7914 A2
%, IQ-TREE (Trifinopoulos et al. 2016) @ web server (CIBLY,
Austria) T ML R ZHEE UTzo fRITO M 1E web server
DT T+ bD%FE Uiz,

et
Wiatidmicid 7V —yY 7 k R3.5.1 (R Core Team 2018) %
iz, ELEY Y ZORICE LT SEOMBICE5 2%

FHIVREDHER, YYLOMEAKITLDIESDEREEL
THRBIzdIc, —RILBRIEET IV (GLM) ZRHWz, T
DEX, WELRZIRROME, FHHEABZRER (HOH
FrRBMEE UTHER) e@tEme L, o5 DEIERTY
UatEIEL, EREEA Ty FIHELT, REBU >
B E Wiz, RIS, MBS Nz DREAIC X 3 2R
DENE, Vv /) VDEREBIUY TV Y OEZRETH
Lz, TOLE, SHOREMEED RIS, T—
AFHHB RO L THEEL L2 ZETHT 5 RO
iNEXT /8w r—3 (Hsieh et al 2016) %\ z, &35, 1
TMET—RTH 310, FHEDOEEIX datatype T incidence_
raw ZHEL, TNENDBICHEWT 50 Ak ZEE LIz EE
DEZREMFE THI LTz,

HR
EEBRORE

FRAR LT TR TR B NI MR D A R o0 — 2
Fig. 1a IR Uie, TR SRR LI i,

Fig. 1. Epizoic macroalgae (arrowheads) found on the shell of the horned turban Turbo sazae collected in Nakane Reef, Jogashima. An entire view
of the shell (a), Cladophora hutchinsiae (b), Ulva adhaerens (c), Colpomenia claytoniae (d), Amphiroa sp. (), Champia lubrica (f), Corallina berteroi (g),
Lithophyllum neo-okamurae (h), L. prototypum (i), Lithophyllum sp. (j), Peyssonnelia sp. (k) and Pterocladiella capillacea (1). Bars indicate 500 pwm.
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2ff, fgre 1 HE, A8 MO 11 THo7, TD5H, #L
BOU A FT7F >0 Lithophyllum prototypum (Foslie) Foslie
BRI RARZ R DI, TRRRBISUC K D FEIE TEID,
ORI E L FIERICE DOV THRNE Ui, EInFEHIC
K0, &S 3 A T Y Cladophora hutchinsiae (Dillwyn)
Kitzing & 71 9 % 7 F ¥ Ubva adhaerens Kaoru Matsumoto
& S. Shimada, #8#: & Colpomenia (Col.) claytoniae S.M. Boo,
K.M. Lee, GY. Cho & WA. Nelson, fL#ZH=/TED1
& Amphiroa sp., F > 7 7Y FF) U Champia lubrica Mas.
Suzuki & Yoshizaki, ¥ €% R Corallina berteroi Montagne
ex Kiitzing, ¥ > ¥ F A R L. neo-okamurae A. Kato, D. Basso,
Caragnano, Rodondi, V. Pefia & M. Baba, /> d0E/ED 1 f#
Lithophyllum sp., 7./ 17J&0D 1 ## Peyssonnelia sp. LT
J1 2 FINT Y Prerocladiella capillacea (S.G. Gmelin) Santelices
& Hommersand & [FxE L7z (Fig. 1b-1, Table 2),

YIRS E HIREROFHEL

FEE LTz 122 RO Y Y O EIFEI T 55.5 + 11.2 mm
T, f/INT30.0 mm (2020 47 H & 2021 4 9 Al 1 AT
D), AT 83.0 mm (2021 43 HD 1{f{k) TH-o7z, ##
LY TLOBEIILTICREL AZHEANERLN, 2021
F£2 HiZ70.2 + 10.4 mm, 20214 3 HlZ 69.2 + 10.0 mm T
Hoih, MOBREH DK EIL 50 ~ 60 mm DFEFHICH > 7=
(Fig. 2a),

AEHREOFRICDOWTIE, BRE LTz 122 RO T 4.5
+ 14FET, T2/ (2021 4 9 HEREEIC 2 K, & 47
mm & 63 mm), % TI10fE (2021 43 A&, & 83
mm) ThHoiz, L FKT, FMELTIHEZ ZHEMH
D, 2021 %2 Al 6.7 + 0.5 %, 202143 HIC 6.6 « 2.2 14,
2021 E 4 HIC 6.7 + 14FETH o 72h, MOFEA I 1K
Hizh 4 MIREICHE X -7z (Fig.2b),
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Fig. 2. Box plot showing seasonal changes in shell length (mm) of
Turbo sazae (a) and number of macroalgal species attached on each
shell (b). Sample number is indicated in parenthesis below each
month. The boxes indicating range of 25th to 75th percentile, and
bold lines represent median. The whiskers represent range from the
lowest datum within 1.5 interquartile range (IQR) of the lower quartile
to the highest datum within 1.5 IQR of the upper quartile. Open
circles indicate outliers.

Table 2. Results of molecular identification for nucleotide sequences obtained from epizoic macroalgae on shell of Tirbo sazae.

Accession no. Region Result of molecular identification
Species name Accession no. of most related Identity Source
sequences
LC767499 1TS1 Cladophora hutchinsioides LN679078 99.7% Pochon ez al. (2015)
LC767498 ITS1 Ubva adhaerens AB894334 100% Matsumoto & Shimada (2015)
LC767500 rbcL Colpomenia claytoniae 1L.C472402 99.5% Hanyuda ez al. (2020)
LC767501 COI Amphiroa sp.* LC071729 91.5% Kogame ez al. (2017)
LC767503 rbcL Champia lubrica AB693109 100% Suzuki ef al. (2013)
AB693110
AB693116
LC767502 rbcL Corallina berterot DQ787558 100% Yang ez al. (2016)
Calderon et al. (2021)
LC767504 PsbA Lithophyllum neo-okamurae* LC620629 100% Kato ez al. (2022)
LC767505 psbA Lithophyllum sp. MZ438399 91.1%
LC767506 rbcL. Peyssonnetlia sp.* MN539015 96.9%
LC767507 rbcL. Prerocladiella capillacea AB023842 100% Shimada ez al. (2000)

* Phylogenetic analysis was performed using IQ-TREE web server.
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BREDIHRDELENRD SNIEADEISE) ZRkDDB &,
WEETOMEEKICHE L e, FEHNCERIENL 2
Mg, MR THBL L 7o, FRCEmD RS 5 x>
eIy h Nz, BEHELEDRAT /ATED 1EE
AYduEED 1T, RELIZETOVTITRDENT,
TR HBRR DN U728, Ay 744, 34
Y, Col claytoniae, 1=/ TIE@D 11, YEERF, h&
FNTY, UXRFTFIATHD, WINEEXMLHEICH
HREMEN Uz, T TV FFVTIE, 2021 4F 2 AICERE
LIz YT 1AM DHBHHN, FTholz, ¥ET
A RICDNTE, FRCHERANG R L, HBEROHE IR T
o7z (Table 3), 7, ARWFUHARHICHREL YT T
VD, TLHIKHFTOKRD FICHT ART I X Undaria
pinnatifida (Harvey) Suringar W&E L TW 2 & 2R LTz
(R KR OBIED,

RRICEE L TO RO MM 2 S EREH TRk 5 &,
VN VDEREL Y VT VDERELE IS, 2021 FED 2,
3, 4 Hlc@E<, 2020807, 11 ABXUT 202147, 9, 11 A
W& > 7z, 2020 4F 10 HIZDWTIE, R OfEZ
3)o GLM DR, FEHICH U CRE ORI MEDOFE (o)l
%% 0.013 + 0.004, P < 0.0001), FHEANEDOFE (EF
BB -0.224 = 0.017,P < 0.0001) & LTZFhZFhiHiEniz,

=
ARIRICBNT, Wy BHUEO IR TRE L 729 P ok
Mo 11 OEEEZHERL, HEBIZE DNAN—I—
T4y, SHIZEOT Y VICET, 3HIEDT Y
WKCETHE Lz, =S T, 95857/, B 83, 4L
241 O GE 381 HOMEMNERINTWVWDS (FEf - K
7% 2008), &, MOS VY ZICEFTRIETER SHEIZVI N

~U7Tz (Fig.
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& kG - A% (2008) DX ARIBEH TH -T2, TDOHH
i, TNSHEREDR TIRFEEDHHET DNAN—I—F ¢
VIRBRERILICEBEEZ NS, BRI, ST
F TR ZANT YR EZBEOLRANKEEICES
RENRHETHD, AP 74P (Matsumoto & Shimada
2015) ®¥ eI 4R (Kato et al. 2022) 72 EIEKEED AR
VIFICKRGERWETH oz, LIz o T, HOT U JICETH
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Fig. 3. Sampling-size-based rarefication (solid line segment) and
extrapolation (dotted line segment) sampling curves with 95%
confidence intervals (shaded area) for Shannon diversity (a) and
Simpson diversity (b) of macroalgae collected from shell of Turbo sazae
in each month.

Table 3. Seasonal changes in occurrence of epizoic macroalgae on shell of Turbo sazae. Number of occurrence and its percentage are shown, respectively.

2020 2021
Jul Oct Nov Feb Mar Apr Jul Sep Nov
n=18 n=18 n=16 n==6 n=5 n=6 n=10 n =30 n=13
Ulvophyceae
Cladophora hutchinsiae 14 (77.8%) 15 (83.3%) 16 (100%) 6 (100%) 5(100%) 6 (100%) 10 (100%) 27 (90.0%) 13 (100%)
Ubva adhaerens 1(5.6 %) 4(22.2%) 1 (6.3%) 6 (100%) 5 (100%) 2 (33.3%) 3(10.0%)  1(7.7%)
Phaeophyceae
Colpomenia claytoniae 1(20.0%) 6 (100%)
Rhodophyta
Amphiroa sp. 9(50.0%) 16 (88.9%) 12 (75.0%) 6 (100%) 1 (20.0%) 5(50.0%) 4(13.3%) 6 (46.2%)
Champia lubrica 1 (16.7%)
Corallina berteroi 1(5.6%) 1 (5.6%) 1(16.7%) 4 (80.0%) 6 (100%) 4 (13.3%)
Lithophyllum neo-okamurae 10 (55.6%) 6(33.3%) 9 (56.3%) 1(16.7%) 2 (40.0%) 2 (33.3%) 1(10.0%) 3 (10.0%) 1(7.7%)
L. prototypum 3 (16.7%) 4(66.7%) 2(40.0%) 5 (83.3%)
Lithophyllum sp. 18 (100%) 18 (100%) 16 (100%) 6(100%) 5(100%) 6 (100%) 10 (100%) 30 (100%) 13 (100%)
Peyssonneilia sp. 18 (100%) 18 (100%) 16 (100%) 6 (100%) 5 (100%) 6 (100%) 10 (100%) 30 (100%) 13 (100%)
Prerocladiella capillacea 3(16.7%) 8 (44.4%) 1 (6.25%) 3(50.0%) 3(60.0%) 1(16.7%) 4 (40.0%) 8 (26.7%) 4 (30.8%)
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ETEWEEE, VY TOREIRNCAEET 2HEE TR
<, WRBICH D AE TS Nz &G - K&k (2008) Tl
ARENTOWEFEEEZZENTES, Thbb, IhZE
TIMDHEFTREN TS K SIC (eg. Bell 2005, Fager er
al. 2015), VY TORBEWIRICEE T SO EE
HATHHLEEFZ %,

Zonu /@D 1 FTHh5 Col claytoniae [ DWTIE, AW
HHARMNYIHRE TH S, Affl, AFBICHBN TR AIET
#4478 (Booeral 2011) BIUEREIREMET (Hanyuda e
al. 2020) TOHR LR D B rbcL. TD DNA/N—T—TF 1
VI EHENDDT-HIC, Song et al. (2019) DIFIEIHEVAY
> TIVD cox3 Fid4l] (Accession ID: LC767508) & IRiE L 7z,
Z DEFNIAFENIRE E NIz Boo er al. (2011) DI LR AAH
T Col. claytoniae 7 L— RICEFEN TV T TV E 96.3 ~
99.8% TR L=/, 41010 DNAN—I—F ¢ > 7 IC[iiE
WIZZEWEHI L7z, Boo er al. (2011) TUE, BB TH S5
EOEIRIZT TR, HiRETh2HMEDOI T CGRFEOIL
i) TEAFZHREL TS, LEEA->T, AIFPlcBVTE
ARFEDLNHIFA T L T B ABEEDE L, 778/ Col
sinuosa (Mertens ex Roth) Derbes & Solier W A AT 7 71
/Y Col. peregrina Sauvageau LiEFENTWVWBEEZ HNS,
51%, AEORTRIHIC OV TIIFHHICHRGET T 20BN H 55,

FUTIYVFEITICONTE, FEDLDMBIR D AW
NN E TH 5, AL, 2013 FITEFRILHITT
REINTEERICHEDEHLBEINTZEHTH S (Suzuki et
al. 2013) SIS N TV LHEETN TN
(Suzuki ez al. 2013), @HHFIC KD LHERIKBE CEERED
HERRE N TV BIED (B 2021), §&E R BTN SR B
METHORAEINTVAS NS (Yang ef al. 2015), HAS
M /3709 5 ATREEDMERI T N TV 5 (B3R 2021), ARFFZEL,
BB ONTBICHE T M E =T 3R E T, F
TIOYFFEYT LTV FEYTIIEERENAELD, ThEN,
W & IR FEICEA T T3 (Suzuki er al 2013),
EDS, AFREREOFE TRHICHNT T Y Y DIl %
RERELUIZIE, T 7TV FFV I THBRENEEEE
LCRZFRIET 2T EARETH S,

YY1 EARD 72D OFEMHEOFHERI LN SHFICE R
HHN, FREHDY VI IVEONT Y FEELLTEZ
DA CTH - fzo BEDOHERICIE, P IOBELD
LN K DEEEL TV &D GLM DEIFFHREIC &
DIRENTz, —RICE~FITBROMEHILZVWFHITHD L&
X, ARIREHOIEEOEERHOFHINEE BHE TR
fii5 - HH 2004) TH 8~ 11 AICHIEHOMADDRD 5
NTV3T D, XhEEFECHERBENZ W LIEELD
MROFHINEE LR LIz eEZI NS, —HT, #&
FEWIE ERENIE A 5EMEEDENTED, D
W, A=A NS VUTICERT % Turbo torquatus Gmelin
THFARDEANRENTVS (Wernberg et al. 2010),

Y TOBICHIR U ziigiEid, @ESTOMKICHE L

s, REIIC BRI U 72 s, IR THIBIL
feildig, RRCHRDERD S NEWVIEED 4 32—V INEBH 5
Niz, ThHD5 5, WERTOMAKICHBIL 2R,
T/ AHVBD 1 EBEUCAYdnEBO1ETH-7, Th
5L EZONBBEEFIHRIET —2N—RCHHRI N
TWikhotizh, DNAN—TI—F o VI EHNTEED
SVIETHETSHTENTERh oz, MDMEEEEEITD,
ETOYHIICEELTW T DS, AVEAHHTIC
EHT B4/ h7T (Segawa 1941, Pestana et al. 2021) -,
AHAWCELT D H A T (Sakai 1964, Boedeker et al.
2012) E[EIKRIC, DY TORIERMICEET SETH B
MDD %, TNHDMICOWTIIBENRBSELINZ, B
FETHZMTOWTHGET 208D 5,

AR 7 B OHHIC W TP TICEE T 5 e
OFHHNHEZIHS MM Uiz, ZORER, FEE ORI 35
X O FBHOF BRI Z T 5T EHPHLNMCTIR> 120 Tk
, YPZOBICRERMNITEBT L TV HEEDH 2 2 M
WI BTN TER, 51T, Mo R EFEMIIC (eg Bell
2005, Eager ez al. 2015), Y T E MBI RiEsE 054 5
BeabBs bR Uz, YL, @& Tchitdniz
DILICEDNFENED LTHHATh R EE2L, —fiil
RgoERmCEET 2w ZHICL, HWROBOZEMEZ
B FCHMRSEEIC KRS, cohicid, FRokS h—ik
ICHIRABOENEE FEND 20, PRBE TR DR
BEEOBEMELE L LTOEHE R FTE 2, HBICIE, ¥
PINEESNTH S ENS ETOMICHEBND A IR
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