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Abstract Mating behavior and early development of Cobitis sp. (BIWAE type D, Tosa-
Shima-dojo) were observed in the laboratory by inducing spawning of females with human
chorionic gonadotropin (HCG). Subsequently, laboratory bred individuals were compared
with spawned eggs and larvae obtained from the field. Mature adults, naturally spawned
eggs, and larvae were collected from a river in eastern Kochi Prefecture, Shikoku Island,
Japan, and a natural spawning ground adjacent to the river. Mating behavior was observed
15 times at night, and distinguished into four stages: phase 1, tracking; phase 2, approaching;
phase 3, amplexus; and phase 4, spawning. Egg diameters after water absorption were
2.1-2.3 mm, the spherical, demersal eggs having a light-yellow yolk, no oil droplets, and
slight viscosity. Newly hatched larvae [3.3—4.9 mm in total length (TL)] had 46 (32 + 14)
myomeres, two pairs of outer gill filaments on the cheek, and melanophores on the head.
Notochord flexion started at 6.0-7.2 mm TL (wild individuals at 6.0-6.3 mm TL) and was
completed at 8.8 mm TL (6.6 mm TL). The formation of membranous fins and full fin-ray
complements were attained in the fin order pectoral, caudal, dorsal, anal, and pelvic, and
caudal, dorsal, anal, pectoral, and pelvic, respectively. Some individuals (7.0-8.0 mm TL
at the flexion stage) had free neuromasts, each with a short cupula, laterally on the caudal
region. In addition, following the postflexion stage, some morphological differences
between artificially bred and wild individuals were observed but could not be quantified
due to the small sample size.

*Corresponding author: Graduate School of Bioresource and Bioenvironmental Sciences,

Kyushu University, 4—46-24 Tsuyazaki, Fukutsu-shi, Fukuoka 811-3304, Japan (e-mail:
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I# (CR+EN) I (BHIRLY RTF—&T v o

Y= R 37 Cobitis sp. BIWAE type D (H1

BIEh, 2012) FEHE O BT AN
WKORNET B R a IR~ RV avEfasEHT
BB (PE - Wi, 2017). {8011 E0E 0 [ 15 5 i
75 & ORAFIT A E S A BEREE OB X b ik
Bommbr#EEnTsY (PE - Wi, 2017 ;
K - EikE, 2017 5 @AG, 2018), IREEHL v F
UAMTERMEKAEHRTE (VO 1 (REEA,
2020), WAIRL Y RF—&T v 7 Tl GEH

2018 [HiYIfe] MGETEREZ, 2018), ThZNiE
EENTWS. £z, ARG ENERDEREYIR
HERHNC X O TRARIEER DI LT I<is
EEN, B TOMEREIRIETN TS (&
HIBR, 2015). JKRPZFEAL TLEBEICHII L 72
ERMBMEEI SN GEK - @kE, 2017 Sk
2018), ERIKZRS B 60% DL HDMEAEE D1
MESENZIRMNICH 2 (FFE, 2020).
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FY X RY g U OB RIZ A RRED
UL S (P& Wi, 20175 35K« @ A8,
2017), HEED (2012) WELLLEIY RV 3
v FEBE Cobitis biwae species complex %, V<X k&
< R a U HERE Cobitis sp. ‘yamato’ species complex
DENEFARTH B EHEMENBDHIFIZ DR,
X, TNFETIKAHDONA - LR (HikE,
2015 5 ¥E7K « @ikG, 2017), WKEADTERERRIB (&
&, 2015), AL COREINIGT - FEONERERS KT -
fAHEfL (FkG + JKTL, 2020) ICDWVW TG TNz
N, BHITE OO B T & DOIERIRHE
DOHFIFIEIRN. LIeh > T, AFEOMRNZIRE
HRDFEMICIE, ZNSEYENIRIEROFTED
RAIRCTHB. Z T TARMETIE, FEBRENICE
WTHEBIREFEA 2 W TARTE D MED IR 2 2 L
& OBHETTE B K UHIHHEBIC DOV THIS L.
EHIC, NLEHH NI DRES NTATHERAZ
iU, JPRERy R ZTE L.

MK L FE

ALl FHADKEE BlfaZz 202042 H
28 HICEAREEBOMM)IIKR TR EM (=ZE8
FIFEE, bl-5IB) E AW THRE L. M4 ik
(HEH#e (k£ (SL) 83-92 mm), M 6 1 & (70 74
mm SL) 7S KA T2 e Y A B
BV, ﬁ7X§m%W(wmazA)fﬁ17
HI, MRS O 2 (84, i3 EEk) THEL
Tz, fABE/KMEICIE, ERXDH3cm ODEXTH
Il 72 f X G5 6, b UE W A (GEX L Y,
4972547036551) 7 g% iE L 7z. KAl - BE A
(GEX #1381, 4972547030177) Z#FHZBEL, XA —
W& D BATIRE R 72 7-19 R oD 12 BRI R AE L 7z,
KRR E I TS, EERHHM T (2020 422 H 28

H7H1H) E—BELUTZEHRICXD=ERE 20°C
WCERE LTS, JKIRE 17-22°C OHip THEIDOHE
L BARICE T Uiz, BoNC I8 % 328500 L 17
HEFIE, 2020 £F 47 HICH I CTRIKZ DM INIC
Wbz U 72K HEKES N TRz D TERE L
To. REINTEZHINE, =7 —Ya vy 2RE
L7500 ml E—A—W OKifit @ 17-19°C) TRk
XCHIEL, okt ToiTbian-o .
EHE « RO DD, NTEHB XU
BN THREINIAFHER O ZEE LIz, £
DRI %R 2 /5 THEE LIRFE L. &
B, AEOREICHIZD, FEHIRK D RERIERAET
Al OrEBRi 856 5) Bz k.

PESREERAIIC K ZKIEHEIR 202044 H 9
H (118§ 12, 0.6% NaCl iSTRICTAR L7zt M
EMEERRAERIVE Y (HCG) (B3 MBSkt #l,
d9 a2 1000 AL 7 3 E{k (83.4,
84.8, 91.6 mm SL) O EHEE K O BN NES
Lz (7o, =as ) ryoy\puoy v
1 ml, 88 26G x 12 2R, RE5HEBX
U588 ((KE1¢H72D 10 HAL) 1 Shimizu et
al. (1998), EAIZH, (2009) LEFI1IEH (2009)
it Tz, ks, BB > T, kD
EMZ B0, KTHMUIzr7a—T7F A I)VIEH
AT IR 72 it L 7.

FEONAEICIE A S AIKHE (60 L) 2L, /KiE
WICIFEFIC X 2N B2 < T b D = SR 3 v
r (H& 3mm) TIERLIMETEEZTL—> 3
ViRE U, WA EOMRIEHIES (2009)
ICHEC Tz, PEUNFE LB ERE & A USRS NI E
L, BB LFERICOKRFAZIITDEN >z, K
MiE 18-19°C DHFIFATEE Uiz, M3 EK & 1S
il {& (70.0, 70.4, 70.7, 73.4, 742 mm SL) O
SEATEh 22 KMl EBICRE LTz T Y ZIVA AT
(OLYMPUS %, 4545350-043322) Ticsk (2020 4F
AAIH R2KF4H 1L H 12K L, —#IZHHK

THIR U, HCG &G H D 23 Kf& B H 6 RFITK
MiINOIIOE M2 R L, EINDERINEE

WK E T T L—ya v ERELENESR (75
7—X,Wﬂxnwxm9m)wﬁbh.ﬁﬁ@1
B HOEINEZEN S 2 HE, FEIMETREL, %
DNk L TSN A M2 R L. SRINEN
TN b X TRIE L, SIORAEE 16 R &
KB L. &, TOKOKIEIZ 17-19°C D
HipICcAF L, MEE kLo Tz,

FHADERET - B (FHAKEIEZ3IBH
MHMARIC LTz HEAER (Fa—V Y T7—
RT¥ME, SUF IR —d—)L R ; AXY
FoL TIVR VS, FRIT40)
Z1H2E5 A 7. BukixsEa 2 [\ O /)
WKiTofe, BRI Qo204 H 13 H-7H 1 H)
FROIKIEE, 17-22°C DHEIFHTH o Tz (FHEMIE
EHARICHE L, KRNI/ u—TF 1)V 7

AW TRz fil U 72 %, PUIRSEARBEMEE R CHRE
KEZBEH L. FRDEETL (total length),
BHE, k@, HLPRGE, SPsftid, 7484 X —

EEF/FAEMNT 0.0 mm BAITHIEL, 2
FEON DN IE, J7HRAKZ -V T 0.1 mm HLALT
WE LTz, T272 L, (FAOKRTETEL & M fk e KR
ET B, pH RIHFED 3% RIV =V VAT T
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ERICEHE U 7z, sz bR < FHAME, FEXaE
£ R Z, o ON - fFHEFLDOEAED TRLU T
Fz, (FHEFLD Ay FIFEMREOGRICHEDE,
> 7 & (Serif £, Affinity Designer) 7T
e U7z, BESROFHEICIE, 77U U Ly RR
T OEAZH W FE E K I Kendall et
al. (1984) EHIA - i (2014) 1IHEVy, W bLETL,
AR, R, R s X O HERUHIC X 7
U7z, (RQIBESR (L1-L5) B9 % HEE X &G
2015) It > 7z, [EE L8R A7 HEf Gl ah A
25 A J A @ 24 fEA S 2w b © 70 A4 1,
AR P T2 AR Y e e SRR & U TF
#% U7z (BSKU 127895-125896, 128771-128778).

5 R

LHETEY B TENE, HCG FHHEK 18 BERY
iRt 57 BRI Tirb iz, EF4ABZRICE
WTEHETEI DB E Nz 5-6 B (HETIX
6F) THBH, P Ld 15 mOBEGHITEN
BRI Nz, Jxd, M3 Mk & HE S RO R AR
ME L TWiaWnicsd, AT & %G1 TH) 18
FEUNEL, PESIAHE R EIC DOV TR AHTH 3. 6
Re LA & MED B T DFESIMMERR E NI A, Zh
SIFTRTRRBUNTH > 7z, BISUTHD EBHH
ITENILL RO 4BRBSICKE Nz Bl T8
kS 2 1 kO L, #EED BED
DM & REIETEICBR 2 80 1) 2 K 5 1TE
B3 % (Fig. 1A) ; BRME 2 THET] : ML ERIES 2 &,
1 EADIENMEC B2 U, oD B g3 7% S T

o9

E

G

Fig. 1. Mating behavior of Cobitis sp. BIWAE type D. A,
Tracking; B, approaching; C-D, amplexus; E, spawning; F,

separation.

DD (Fig. 1B) ; EXF&E 3 Tz @ M MEIC B =
< (Fig. 1C, D) ; E&R& 4 TFEN] @ MEDMAZHR 2
DbEENSHEIL (Fig. 1E), M B E iz
MEEN % (Fig. 1F). BB 2 I B W THREAD MEIC B2
MU THEME 3 ABITLEVEF & RSN,
PEHINEIRFA LS T 5T el nE L, /K
KIS TEATE.

MERRE o, M3 A SERER 878 (15 5
N7z, SZHEINEERIE OIS T, Wok#BoOER X
2.1-23mm (2.15£0.07 mm, n=3), BRI 1.1
mm, HEHEEOVEHT, aAEEDMEkE R E (Fig.
2A), SRR EICIEFHOMEND > Tz, BEX T
ICHY 500 HOEID I3 L7232 D, LRI
41.5% (n=878) TH-o1. MLIX, 10 @&k
BOTZHER 2 X ORI NTD, FEA
EDLEIEHI 100 BRI T 5 72, ZFEHh SR
LICE % £ TORGERR & B d Loz bid X
DWW TH 5. 24 Fe[f#% - IRIE & RO H B,
28 REf 1% - B/ B (Fig. 2B), 32 REfHT% ¢
D INE D 5 oy BB LG, 35 REfitk @ Bz A
IR D A9 (Fig. 20), 48 Wifil#% - BRFAM K D
FIEL, IINTIERICHEET % (Fig 2D).

BIEFRDORE MILEZROFAIE, 3349
mm TL (4.18+0.57 mm, n=6) T, {K#fI7HICH>
7z O %13 65-73% TL, ALMHGE & 67.3-77.1%
TL, #Aifi#E 32 + 14 =46 TH -7 (Fig. 3A).
FREEMEONEZE L, RaFERASIREKOH
DX DA B XCHESICHR I Nz, Bk
H/Naz, Emasmic s 2 oy il za L,
MEDTERMDER S Nz, I8 & BT R ED

Fig. 2. Embryonic development of Cobitis sp. BIWAE
type D. A, Twenty-four hrs after fertilization; B, 28 hrs
after fertilization; C, 38 hrs after fertilization; D, 48 hrs
after fertilization. Scale bar indicates 1.0 mm.



XL

EAEN

(EH

Fig. 3. Larvae and a juvenile of Cobitis sp. BIWAE type D from artificially breeding and field-collected individuals.
A, Newly hatched larva, BSKU 128771, 4.4 mm TL; B—C (I), preflexion larva, BSKU 128772, 128773, 4.5-5.6 (5.4)
mm TL; D-E (J), flexion larva, BSKU 128774, 128775, 127896, 7.3-8.8 (6.3) mm TL; F-H (K-L), postflexion larva,
BSKU 128776-128778, 9.2—-12.3 (11.0-12.0) mm TL; M, juvenile, 14 mm TL. A-H: Artificially bred, [-M: field-
collected.

FEL, BROKENED SNz, miEihiHE T
DEBE T, FHRIGKMEERICHEAL, REIKE
DI B DRI 2T B & 2K ET %
ITEIDERRE Nz, miJR R 43-6.5 mm TL (5.22
£0.68mm, n=19) T, IIEIHENL, IEBRSE
Rz BOERHEY, FEBB X OB ficiEn
HEZHEERE I N (Fig 3B,C). iz, 43
mm TL Z#Z % &, BEFBAEHANC O E N,
HIEEIRFETH > 2. WFHMHEX D o4 3 5t
BXO 4 ONEFRDHE L, EZENIC S
BoiERE Nz, REEEHE L IZEFLVESIC
EL, Mg IERZ Km0 BB L E
Q7. JRih 6.0-8.8 mm TL (7.18 £0.73 mm, n
=24) TlX, BREAED LEZRGL, B LS
ME WG 5 BafHE MBI L 72 (Fig. 3D,
E). MiEXTHICHMEL, HHEEBXUBEON
B FICHET 3 L e dic, RBiE NEICkES
BERE Nz, SMRFPIZELED, B> L.

i3/ gz & DIEMNER I Nz, il
DO—EBOMEK (7.0-8.0mm TL) Tld, EBEBIAMANC
WD 7572 i 2 TolE B D R S nfz. DN
MIERITRINE N2 IR B ZBG Uiz, {1
FIRTHEIEL, HBICHKkERS LSICEZ> 7.
%I 6.4-13.9 mm TL (9.75 + 1.84 mm, 7= 70)
Tld, BRARMEIERIC FRL, TSN HIB
TBE BT, REEOMBEICHESR M7 L Tz
(Fig. 3F-H). fESITERE, kg, Big, L TH
EDIIC LR & Nz t%, BAROIREENHELL /2.
Mg RE AN 1&, BRIRM D R S Nz, IR
O LA B A 5 BRI X D I L 7k
D, ARHIHYRERD L5 IS S A0 I AR MIBERL
W, RBEERIC E R 2 D0 RO FNF MBI
Le. HFRUEEIOKMER ZKEm 0, 152 5)
M UBT 21TEID MR I NIz, N LB TR
fERIC BN TIE, HEINCRITT 2 ETic itk 7z
& Uitz ®, DREOIERIC DWW TR/ THRE
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Fig. 4. Dermal granules of two wild juvenile (A-B: BSKU 127896-¢, 21.7 mm TL; C: BSKU 127896-b, 16.9 mm
TL); when fresh. A: Opercle and left side of anterior body, B: mid-lateral region of body, and C: dorsum of body. Blue

arrows indicate granules.

SNTEKRICHE D E FEdicid#ik L.

HFAOFHA iS4 mm TL BXT, &
B #H 6.0-6.6 mm TL (6.3 +02mm, n=3) TI3J,
RO N TES{E K & [FERDIRE L 178 27~ L 7z
(Fig. 31, 1). @] 11.0-141 mm TL (124 +1.3
mm, n=3) T, [NELZHEOHEENEZANTE
SEMER & RRETH > T2hS, RO 4 BN TEH
ENTEGEAA e O TRRPRD SN (B4
itk n=5 ANTZHEKn=17). 1) BIEKT
FIRDFET 2 (HEICHT ZWEL © TFiME
A 31.0-34.5% TL, A LEZEHEE K 30.8-50.0%). F
7z, WIRICERIZED SN0 MEAR T
BN KD IRV, 2) BAMEK TR RE D EW
(BRICH I 2kt - BFAMETk 15.6-15.8%, A
T2HE(EA 10.8-13.6%). 3) B4 %/ iR
T, R SHmICMF TROERPHE L.
4) BN OHEF TIRARRIBEACD B I B U 72 (Fig.
3K,L). HE £ 13140230 mm TL (17.7 £3.1
mm, n=5) T, &FEFRHE (n=3) &, HERE
7 ISR S s RIEBISE 16 BRI

8 5 NEHMEWSREL 6 5 MfENGERTHEI%L 15 TH - Tz
(Fig. 3M). HRD /50 S Wpimic b 5 R
& JREEELR D IS/ i U 7z BEaBHIHE T, 1K
JIBERL D L1-L5 I HH Y 9 2 A7 @ I BEARLS A B
Uz, IR FICIEIR Mz s 2D kR E N,
ZOREIZIMBED 23 ETH oz, HHEME
BEEE TE NG 2 S Mg Sedm S a i U T ORRITIE,
TERCIRAHRE MR E N7z (Fig 4).
AMEOEDORE MELERZROFRTIE,
WCEADPROEND DO LTV o7z, 4.6-5.0
mm TL TWIBEOL, WRIROFERETH -7z (Fig
5A). 5.4-6.5 mm TL T & B FBIC /N 29 7 5 i3
L, MEMEL2EICDOAMNT: (Fig 5B). 7.0-7.3
mm TL T 3 H O OEFEEN MBI U (Fig.
5C). 7.6 mm TL TR 3N EHOOENHET 2 &
LI, 2fHOORFEENHI LU (Fig. 5D).
11.8-12.0 mm TL Tk 2 ME DO OEMNHET S &
EBIC, W& D 1 RHEOENHBIL, /e
ME% Ut (Fig. 5SE-F). 16.0 mm TL Tid 3 %f§
NTOOEM KA L FRRICHE L (Fig. 5G6).
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Fig. 5. Development of mouth and barbels of Cobitis sp.
BIWAE type D. A, Preflexion larva (stage conforming to
Fig. 3B); B, flexion larva (stage conforming to Fig. 3C);
C-D, flexion larva (stage conforming to Fig. 3D-E); E-F,
postflexion larva (stage conforming to Fig. 3F-H); G,
juvenile (stage conform to Fig. 3M). All ventral view. Blue
arrows indicate small projections.

z =
FIEITEN AMHIEICHBWT HCG RS Lz Y

vVF/aﬁ%m@WTFWé%Kﬁ%,ﬁﬁ,%ﬁ,
@% T UTHEIND 4 BFED 5755 — OB TE)

mENe. TNERAROESNTEIE, AV <
]‘ /3‘7@%0)]\‘7%431‘)‘7}(“}“/7]‘“937
Cobitis minamorii tokaiensis (B[, 2014), I—r1 I\
\Z7 49 BEED C. taenia, C. bilineata, C. paludica,
C. fahireae (Bohlen, 2000), I—mwv/NIAERT
UT#%JE Sabanejewia vallachica (Bohlen, 2008), Z L T
WD R Y 37 Misgurnus anguillicaudatus (35 5,
1948) TEMETEN TS,

Sabanejewia vallachica & K'Y 3 7 DBEITE T
&, HEGHEREE KBS H S WIKKAITE RN E
T, lEkd B fEARIC S S L HEREICRID 59
BEd 50, ¥~ FYa Ug TR Tasn ez 3%
L CERBLUHEYT %5 (55, 1948 ; Bohlen,

2008). 7z, FOUAAAHTEZRAI VI RY 37,
C. taenia, C. bilineata, C. paludica, C. fahireae, %
LT RYavofiETid, HILMOKICTERICE
E A< (5, 1948 5 Bohlen, 2000, 2008 5 %5 [,
2014). —Jj, YAV AHREAYIRRYav C
minamorii saninensis Cl&, KEDMEIC Bl d 2 H5E
ZIFEEMDEY (RS - Wi, 2017 Dp. 119
jziz L, PESNEARMERE). F7z, S vallachica T%
B eI BN, HEDEEE & Bz LI
M) 7z VI DZ8% & % (Bohlen, 2008). AHf
KT, PRI avoliioRzBREL,
FEDHE DRI E A < Eha TEI DR S Nz, I
MHEDIKICE XIS EHTIE, NIAATHRRAY
< RYa v, C taenia, C. bilineata, C.paludica,
C. fahireae, BLEX T RT a v &—ELEH, HEH
MDHZBRT S LWV S TS, vallachica % F
VavkidHikolk.

MU RY g USSR OBIEITE) 2R

Lz i &b, ARFERRIC ISRtk Rz
MEBICER T 2FEHFTH O, BIITENIS
NTOERVWYY R g VHEFPYY RO RV s
TR E FRROITE Z & B A[REED D B, LAL,
KN TIREN E B RA 217812 L 2 A[REME & &5
ETEZRNTSD, REDEITOBEHITHIC DWW
TELHLMNICT B0 ENDHS.

MHARE EWEEZO MY RY 3 v0iig,
K OmeEtENTH O, HETHOEZE D,
NEBICRERWMERIE A S NiEh -7, Th b D%
i, WH - HAa (1937) TREEhE o< RFY3
7 Cobitis biwae” DE D L1, AFETIE 12-13 D
INHBRZ AT B0 mHZ2fRE—H L. £z, K
JE DU MEGN T O R HIC 55 WA PEN B B R D
WX, £ R 37 C. takatsuensis, R 379k
K= R 3 Cobitis sp. BIWAE type C %13 U
LB FYa v oML L@ % (Shimizu
etal, 1998 ; I « NI, 2017 5 =N, 2018).

AR THEON VTP RY g UOIE, b
BT, H&§%kﬁ@®é§%ﬁm®E$F97
FYavEoRMELtid s L, IRRIEME -

G (1937) DY RYaw” &iﬂ&ﬁ*f&’)”),
YHEETE LML PRI E WA B (Table 1.

RO OIREINRHM E LT, Botost
izt bREMEOINEZ & DR BT 5 NS,
INBEA > FY 37 (Shimizuetal., 1998), F¥3
v, MHE WA (1937) O Y FYav’, F
FHRZRRAT < RY 37 C magnostriata, Y >/ 3
TAHRAT U RY 37 C minamorii minamorii,
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Table 1. Measurements of eggs, egg yolk size, and TL of newly hatched larvae of 13 species and subspecies of Cobitidae

in Japan
Name Egg diameter Egg yolk diameter Total length References
(mm) (mm) (mm)
Cobitis sp. BIWAE type D 22+0.1 1.1 42+0.6 present study
C. biwae 2.1 1.1 4.6 Okada and Seiishi (1937)
C. striata striata - 1.0 Nakajima (2012)
C. striata fuchigamii - 1.0 Nakajima (2012)
C. striata hakataensis - 1.0 Nakajima (2012)
C. kaibarai - 0.8 Nakajima (2012)
C. matsubarae - 1.1 - Nakajima and Uchiyama (2017)
C. magnostriata 2.0 1.1 4.5 Hosoya and Saito (2014)
Nakajima and Uchiyama (2017)
C. minamorii minamorii - 0.9 3.5 Nakajima (2012)
Hosoya and Saito (2014)
C. minamorii oumiensis 1.5 0.8 Nakajima and Uchiyama (2017)
C. minamorii tokaiensis 1.6 0.8 Nakajima and Uchiyama (2017)
C. minamorii saninensis - 0.9 - Nakajima (2012)
C. takatsuensis - 2.7 5.7 Shimizu et al. (1998)
Misgurnus anguillicaudatus 1.4 0.8 34 Okada and Seiishi (1938)

FIRYYRRY a3 C ostriata (A - FHE,
2014), BXUeHYI~<RYay (=ZA, 2018)
EHGELTWA. Xz, BEFROITEIOS B,
KR JEC T LS RN L7450 S ORI X - Tkl
FETZEICOVTIE, £ RY 37 (Shimizu
etal, 1998) R HI IRV av (ZNH, 2018)
THEEINTED, RFRICHBIFZ MY RV 3
UTHFAKTH - Tz.

AT 2G5 A & Bk & 11T, BIRDEE)H
Hix, MENMSITITE O B, T, Bhg EiE
DIEICE K E NIz, BRI OV T, Rl
WKIE U O islE, HhE Mg HEDOIETDH D,
A4 RY 37 (Shimizu et al., 1998) LA AHZ R
VI RVav (MR- A, 2014) TOESRD
ERDIERE L —83 3. Fiz, BHMEAROHEfIC
H 5 NTFRDIRFHRR I, BRADBEEK & [FEk DT
KBHLNT D, RIHCEDEEZON
5. JEEHE T, AN TEGEFEAE TMEAE &
ICICRER R REM I K2R 2R IZED ENT
M« %A (1937) O YR RYav ey
YRV aw (ZA, 2018) DL D EHEELT .
UL, BRI T T B K & 555 E
K TERICHT 2R IICERNED BN, 1k
FHO/NED N TEHEEARTEIREARNELCT
W el SNz, Fiz, HEWKHNT ZOELL
T, MEIEVWIESDNAEM 2Tz DD, B

SMEMR TR IVSERD LI 2 E L, EIERFHE L
TVWaEAAH -7z, bk, FIVEVRET
NBINSREAE R LTz T LIS K BN DK T,
A\ & FBRE & THEREDY R % - HIREBLTENICE
WHE LTz ENERER»E LW, £z, [FR
HOIKIRIZKIEAN X O B DT D 2-3°C @V
(B8 - KL, 2020) CEZEET B L, KED
HE Vo T EBREOEWHIEREIC B L -l HE
WHH 5. ThD O & EEREZM T TOEWIC
B L Tld, AWz TLbig U 7z5sME R D ECT
HB1D, SHOELEIZMAPRETHS.

| 3

A Z2ITHOICHID, AEECHE L EER
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