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Abstract Current status and early life history of amphidromous ayu Plecoglossus altivelis
altivelis were studied on Yakushima Island, southern Japan. Although the subspecies had
been previously confirmed as distributed in five rivers on the island (Nagata, Isso,
Miyanoura, Anbo, and Kurio Rivers), environmental DNA analysis strongly suggested that
the population densities were generally low, and that the Anbo River population had
disappeared. Spawning of the population in the Kurio River, the southern distribution limit
of the subspecies in Japan, occurred in November, primarily around mid-month. Individuals
reached 21.3 mm body length 35 days after hatching, the main food items being calanoid
copepods. Upstream migrating individuals were observed in early April, suggesting that
they remained in estuarine and marine waters for almost four months.

*Corresponding author: Faculty of Fisheries, Kagoshima University, 4—50-20 Shimoarata,
Kagoshima, Kagoshima 890-0056, Japan (e-mail: kume@fish. kagoshima-u.ac.jp)

~— 1. Plecoglossus altivelis altivelis |3 B 25 & b
BARMFLIEHNFITLELAHAL, BEDOA
IKERFEICBNTHD TEELZAMETSHS (FH,
2000). F@MEBIT—FT, WAEEYDOESE
%% % (Tsukamoto and Kajihara, 1987 ; Takahashi
etal, 1999 ; FHH, 2001). FHiIRKICK B LD
THIHTEIN L, ENR, 2 OEERBECT 5.
b L iefF kR IR EEA LR E N, #
AMZCTERICAAT VEEOBM TSI Y
ZERELENLOEEL, FICED LM)IINE#L
ZHAT 5. Z0O%, LR TEICHEORIC
B UBEEBHENOETEL, #icks &#
WEIND T DICEM 2 BT 5.
BARENICENT, BEERICERREEO4TEER
RS EERBENEIE L, W IEETY O 1l o E i
CRBEIICEEZCEAHENTNS (gD,

1988 ; Iguchi et al., 1997 ; Takagi et al.,, 1999). —J5,
SN LA O T [ R O E AR B ORI G Fhig &
KEBBEHMEEEHEEA TV ERY (BEiEd,
1988 ; Takeshima et al., 2016). BABICIE, AED
DAOMEBICAIEY % BEERBENAALN, BR
BEICKXDEREER TEICEEINTOS (K,
2018). EEEIEH (1993) EBEZENFEZL LIC,
BAE L AMALLIEDER & Tl ETHED
BB EERALHICUE. TNETIT ST Gk
E)I, —8)I, 2z2mil, BN, FE)ID TE
BEAHERENTED (EEiEH, 1993 FIERIEH,
2005 ; Kano et al., 2014), Yagishita and Kume (2021)
B E 2 EEE)OmF)IMTEE
HICELZBBEEEIFEETICLZRELE. C
DEII, BABDT LI BEER L UTHED
BEHELLZRTTO2EEREKRELEILN
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2.
BABOWITTY 222l T\ kbic, Bl
FEDA BRI, G IC DWW TR BT % C
EHRERAIRTCH 5. BEIKEIHT ST LI
Ko THLNSEREDNA WK, fifirTt=_2) v
T3 5B THEMRY —IVTHS (Akamatsu
etal, 2020). 7 ZLIZDWTIETE, REDOHEBT,
AR OHEEICEEHATRETH 5 T EMWEIES N
7z (Doi et al., 2017). ARIF7E Tl&, LREEDNA Z
HWTBHED 7 2D IR DWW THE 21T -
fe. FoO LT, EHEEERWNIIO—DT, HARE
N D FGIREIATE T H 2 TN DA 265 & L
TRESI, fFHEEDOKERTBREICDVWTHLED
KLz, BABEE M ASHERBATEAGICN
B BEERBIS, TALRMNOWEFETHZY o
TF a7 ADFEMARENER LTS (UK,
2016). SEAEJIMEAARE DA 7E BB M IC BT L T,
7 A OMEARE, MU USBEAHTHS Y 2
YEau TR

MHE & FE

B DNA EfTmiRic kb 7 2DERN
ENTWVB 5D B, FEENZRR< 4(7)!['(
BRKZITY, BREEDNA I X B 1F « RIEDAE R
L (Fig. 1). &35, 2016 ££7 AL, i
OMBEZTEMNCEBL TNBY 2 /=T )
BT K D, eEI, &xEN, —#)ITE7 3
itk & 7 IOBRZHET ST LIFTE TV
V. E, 7ok HBICK DRI N TV S
H2EIEEENDS B, B2z &

T&E Ui, BKkiZ 20194 10 H 15 HicKkH
o, —#) a1, r), =20 (M), 2020
8 H 21 HIcZE) (A1-4) THELE. &8,
A, —8I, EZHNO2TOERMUEE
MO FimD—iE il (A1) Ak, 27D
O D3 EM (A24) ZWOEEEZ T B
KIS T %, DO TEENOFEKETT 20D
HNAPEHRBRIATVE T END (K, FAE),
ARWFZE TR T & 98 %2 R L7z,
FHEICBE T T I AF vy IRV EAWTE
B5k%& 1 LKL, DNA O fR7ZRG1-9 3 7Ic,
BT TIIER U TI10% FEX U Frva=T L
K (A ZNvs, AABSEKRNXSH) &1
mL Zh0 U7z (Yamanaka et al., 2017). 7K3 > 7))L
X7 —5—Rw 7 ANICTHABIREL, TFREA
BbiFoi., K> TIVDAiEE XU DNA HiH

Longitude (E)
125" 130" 135" 140" 145°

Latitude (*N)
&

< " Yakushima Island

Fig. 1. Map showing study stations in the Nagata, Isso,
Miyanoura, Anbo, and Kurio Rivers, Yakushima Island,
southern Japan. Closed circles and squares indicate stations
where water samples were taken for environmental DNA
and fish specimens collected, respectively. Triangle
indicates Kurio River station, where up-stream migrating
individuals were surveyed by snorkeling.

DWW TIE, I DNA ZERITORE - o~
= 27V (Minamoto et al., 2021) ICfit > T L 7z.
IKY T VDAETIE, RO T 7 >3y T
BXUOTACL—%—, T XHEAH (GF/F,
GE“»X#Tﬁ%NV)%ﬁwfﬁﬁVTWQ
W5 28247, 7 IV 2R A JVICE AT DNA il
H & T -20°C T1B @ﬁﬁbt AR D D BB
DNA filitHicid, YU~ hF 2 —7 (SARSTEDT)
35 & U DNeasy Blood & Tissue Kit (QIAGEN) 7%
Wiz, JY 2T oAKEY YRy hFa—T 1
HIC 7R L, Proteinase K 40 uL 35 X U Buffer AL
400 L DIRGH Z ARSI L7z, 56°C T 30
DRIERE L. F0%, 5000 g T 5 7 HOELy

21T TIRREHK &L, AMICTENY 77—
200 uL Z RN L, 5 5000 ¢ T 5 0 M OEOD

ARG L7z, U ANy b RERICHE o IV RIC
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99.5% L. X/ — )L 400 pL BRI L 721, BEHK
BAEY S LANEBLE LBOITRER
DNeasy Blood & Tissue Kit © 7" 12 + I JLIZ HE W,
BRAXBYIC DNA 1AUR 100 pL ICTA L7218, o E
T -20°C TR L /=,

A7 T, Yamanaka and Minamoto (2016) T
FRINET IOBRN TS A <—t Y (Paa-
CytB-Forward : 5'-CCTAGTCTCCCTGGCTTTA
TTCTCT-3’, Paa-CytB-Reverse : 5'-GTAGAATGG
CGTAGGCGAAAA-3) ¥ & U TagMan 7" 11 — 7'
(Paa-CytB-Probe : 5-FAM-ACTTCACGGCAGCCAA
CCCCC-TAMRA-3) ZHWTVU TNV E A LEER
PCR (qPCR) ZEHiL, 7 1DREDNABE R
HeE L7z, qPCR T, 1 XPCRTAX—I v T A
(Environmental Master Mix, Thermo Fisher Scientific)
10 pL, %754 <— (900 nM), TagMan 71— (125
nM), AmpErase Uracil N-Glycosylase (Thermo Fisher
Scientific) 0.1 pL, #E#Mf7K 6.9 uL, DNA it # 2.0
pL 2 20 L O ISR &2 A WV 7z, gPCRIC I
CFX connect (Bio-Rad Laboratories, Inc.) = F 1,
qPCR DIRESEMAICT DUV TIE Yamanaka and Minamoto
(2016) Ko7z, DDAV EZIX—Tavk
P9 5 721, qPCR KFHITIEZ DNA Y SV DK
boICEMAkET—T 2T LIZPCR TSV I %
BE LT Fi, 60x10-10° % 7213 3.0 x 10-10°
copies/uL ICFREBE U= REAMBEOEBEA X VA — R
ZHERCOMT B LT, YT IVHFDO DNAED
EEZfToTz. BV VTN, PRI VIBIT
EBAZYX—FOPCREVBLEIE3I L, 7
NEDOFEYEREEY LIVOEREDNABE L LT
BHHUTE.

FHRAOEELHETR 206FE 12805
201743 A, 2017 % 12 A, 20184 1 Blc Blc—
&, —&)l, gz, EENO=FIDOFEOR
XURER 0, M, K) T/EIHBRHE M1 m,
BMiom, fIE15m, HE 1lmm) ZRIKH-T3
SRR L 7= (Fig. 1). 20174 12 A, 2018 £ 1
AW RIC—E, KENOFCO (N) TR/
BB ERICR > T3 NHARMLE. ThET
K7 ADERDPHERINTOELEITE, AH
B/ N BB B A oD B U TN e b o T T
DIEAREEB LU ah oz, ERFEOR, #
RKEEFFICXOKBE, £EFHEIRG
(MASTER-M/Milla, Atago Corporation) € & » 1§
SBE Ll RELERIE 99.5% &%/ —)b
THREL.

RERET, 7IY&IV./FA (Mitsutoyo Digimatic

Caliper CD-20PMX, Mitsutoyo Corporation) 2 & D
ETOEARDAE BREL LLREEEAERE) % 0.1
mm DFERETRIE L.
B HEGROFHADRRERHEILERARY
DEF 2016 5 12 A, 2017 % 1 HIKELE)TH
ELEEBEDS L, BIEAIGERLUE 81 EKEZ
FRERMATIC VT2, RIKBEMEE (Nikon SMZ1500,
Nikon Corporation) T'C, H&Z MR L THEIBH
SCHAZEH UL, BEREBHEYZF 27 TR
SARHTALKCEEL, JZEEMBE (Nikon
ECLIPSE 50i, Nikon Corporation) F CiHIZIC & D
FEEIT o Iz,
BATWEICELD, 7T2ORILEOKEIR ST
mm T, —HEHOHBEIBEAOZNS 1Sum KD
ANAICERET NS e REETN TV S
(Tsukamoto and Kajihara, 1987). Z AUCHEWY, ZRBF
BTCRXEADEZLS 15um X OAHICERENT
WA KR Blif & Ain LT 2T o Tz, BEE
OLHZHBERERIOHE L THEL .
NHZEMSET TEHMSY 7 b (NIS-Elements D,
Nikon Corporation) Z#fH L, HEADEHMICIA -
T DR ENg (AR £ TOEREICD
WTENRFNFHIIL/Z (1 um OFREE). KRBT
&, Biological-intercept i£IC & D ZEE D H EhfkF
DEEIZDWTEHB U (Campana, 1990). BHH
REBEOHEFRIRTOX M —RTELTZ L
WTERDT (HBREBR), JEKOKELEH
ARELOMOT R A ) =K b ZERETE RO
HEZYHELUZ. ZO, ZAD 5 BEAULEES
NzHigR G5 H, #“EEZBR) ETORKER
BHUT.
2016 F 12 BDIEARD S J|IEBIEIRLUZ 74
Ak, 2017 12 HOL 5 AEEHIELENABTY D
ISR Lz, XS54 RIS A LTHEBEDOR
Bz 7V tu—ESFVICEDEEL, Y
SEMEE T THEGY 7 b EFERLT, NEEERS
LICEEMORIERETT Tz,
HMTroRicfew, HEEAN» LR LS MHEE
WoOHBREE (%P, EEAEETE (WN) &K
Ol (LRIED, 202D, &k, XOWIEZEEE
RERWTEB L.
%F = (5 5 MHEYZEBE L TOERE/ AL
EHEED * 100

%N=73 [(B2EEMOEEKEDOEF /I &2TD
A OEAEDOEED x 100] /FAEMEA
4

2016 4E 12 A 74 A E NS E LT, KE20
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mm R O/HNEMEMA L 20 mm B EOKEMEGA L D
MT, ZEFRCEHARELRL .
EL)IEEBEOB LRADHETE 20174F3 H 2
H& 4 9B, FEENOBKBICERE UEER
K) T¥a /=) rZic&k o @kos
ZHER L (Fig. . KPFTHHIZEDERID
WTCEESR LTz, Z g, BIRIBEFHC K b kg%
HlE Uiz,

= R
RIZDNA 2019 FICFHEZ 1T o 7okENI, —
B, BZWIITE, 7 1OBE DNA ZRIHT

5T WM TER (196-1468 copies/L). TD S B
£ 7 ADOREDNABENEN - DI E 2
(1468 copies/L) TH o7z, 2020 FICFAEZ T -
T ZBENITE, 4 D02 TOEHLTHEDNA Z
BT BT N TERD o (Table 1). gPCR I
B2 HEERIRIT 82.71-94.14% TH D, ARV
X—RDNADERBEDEEEZ T R HEIZ
0981-0994 TH-o'lc. PCRTS VI HBRTL

Table 1.
Rivers, Yakushia Island

@D DNA ZHENiaho .

FAGRFEORE 2 TOEETESHPRIIE
iz &b b, BKE LLIREB/KREICHB &
WHoaholz (Fig 2). KHIDERIGMDE LI
ek, HEa e dicREBMEL, BWKITGEWERE
EFELTVWE B2E)OESRRAEHEEREL
TAKIE, 5L BIcDERITHERNTEHWERR
LTWi.

FHAOHE KEIIEZERL 3 DDELTHH#
BERETZENTER (Table2). —EJIIT
BT DETIEH -5, 2016 4 12 H, 2017 £
12 B FHefZ G N ARRET R LB TE
fo. BZRENTREL DEGKERETZENT
EIW, MELBICFOZX 12 BlcBEEI M.
AT 2016 12 B DK ZRET 3
TEWTE, 2007FE1HIC2AKOFRAERE
TBHRZEMWTERD, 20174 12 Aicid 5 Bk
H, 2018 FE 1 Hlcide<HEETHCLIETER
Molz. SERELUEEADS B, BEE/IOM
THRELARE 298 mm OMANRE KR TH->
(Table 2).

Numbers of target eDNA copies for Plecoglossus altivelis altivelis from the Nagata, Isso, Miyanoura, and Anbo

Date River Site eDNA concentration (copies/L)
2019/10/15 Nagata River N 196
2019/10/15 Isso River 11 216
2019/10/15 2 577
2019/10/15 Miyanoura River M 1468
2020/8/21 Anbo River Al 0
2020/8/21 A2 0
2020/8/21 A3 0
2020/8/21 Ad 0
See Fig. 1 for site abbreviations.

Water temperature © Salinity

o

Water temperature (°C)
3 > 3

o

3 [u]
30

Dec2016 Jan2017 Feb2017 Mar2017 Dec 2017 Jan2618

Dec2016 Jan2017 Feb2017 Mar2017 Dec2017 Jan2018 '

—O—NagataR. ——IssoR. —D—MiyanouraR. —e—KurioR.

Date

Fig. 2. Water temperature and salinity at four study sites on the Nagata, Isso, Miyanoura, and Kurio Rivers,

Yakushima Island.
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EY)IEGBEOFHADOKRER, R BY
SERELFHAR, 206FE 11 A208H5
128 BHEMITHREL, B2 OMEKE 11
B30 AlcML=s0L#EEI Nz (Fig 3).

HARLGEOBEKETOA MY —R (y=
1.86x"%) THEMT BT N TERZ (Fig 4). &
FRNTICHE A UTe 2 TOER DB OFHE D HA]
BET®H o 7z (CHIFEZ  100%). Biological-intercept
FBIEDBERDEHEBROFRICOWTEEBL
7z (Fig.5). 35 AT 213 mm IZEL Tz,

BT I U 2016 4E 12 A O 74 ff{krh,
RAENEE TEERI 43.2% TH-o 2. —7,
2017 F 1 AD s EAEDHEE LBV THIEEN
AYNIHBEET, EERIZ100% ThHoTz. 2
FIIAE 20 mm KiFO/NUEE T 60.7%, 20 mm
LLEDRBMAK T 32.6% & REMEAKTROICET
L TWiz (Table 3). /NEIEMK, KREMEKE &1
ASGIABAAT VEIRVEBELREEE LT
FHENTW?E (Table 3). BT XAHAAT Y
L, BNBEIG TR F I ZEH

Table 2. Body length ranges and sample sizes of Plecoglossus altivelis altivelis larvae and juveniles collected from four
study sites in the Nagata, Isso, Miyanoura, and Kurio Rivers, Yakushima Island

Nagata River Isso River
Minimum Maximum Mean+SD =n Minimum  Maximum Mean+SD »
2016 December - - - - 132 154 146+£09 5
2017 January - - - - 0
February - - - - 0
March - - - 0
2017 December 0 9.3 24.2 17.7£5.3 6
2018 January 0 0
Miyanoura River Kurio River

Minimum Maximum Mean#=SD =n Minimum  Maximum Mean+SD »n

2016 December 10.6 23.1 162+2.0 247 12.1 22.8 199+1.6 143
2017 January 0 26.2 29.8 2
February 0 0
March 0 0
2017 December 11.2 21.9 16625 79 12.1 15.3 143+£13 5
2018 January 18.8 21.6 2 0

n means sample size.

Number of individuals
[=2]

1617181920212223242526272829301 2 3 4 5 6 7 8 9 101112131415

November 2016

Fig. 3.

Date of birth

December 2016

Hatching-date distribution of Plecoglossus altivelis

altivelis larvae and juveniles collected from the Kurio River

estuary, Yakushima Island.
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35 -
30 4 Y
25
T
£ 5 |
S
[
=
8
215 4 y = 1.86x0518
§ R2=0.911
n=2=81
10 o
5 4
0 T T T T |
0 50 100 150 200 250

Otolith radius (pm)

Fig. 4. Allometric relationship between body length and otolith radius of
Plecoglossus altivelis altivelis larvae and juveniles collected from the Kurio

River estuary, Yakushima Island.

25 1

= N
w o
L L

Body length (mm)
>

1 3 65§ 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35

Age (days)

Fig. 5. Back-calculated mean body length + SD (bar) at daily ages of
Plecoglossus altivelis altivelis larvae and juveniles collected from the Kurio

River estuary, Yakushima Island.

AAT ENNEE R & RBUER O A THIRL
Tz, ERICEVEIE TS SH, RFuX
NLEAA T VEE AN KEEETOHES
TNTH .

FE)IEFEBEOM LR 2017F3H2HIK
TLFHBRE LR, 4HIABRBLZFEE
7em D3 HEZHEET A ENTER. 352 H,
489 HDKIBIZFNENLSC, 114°CTH»-
7=,

Z 3

AT, RENITIEZ 7 205 DNA BEIX
BmiEnd, fho 3w GkE)l, —&E)l, g5z
WD OREDNAEBELARCHEENT NS
AMOMNDE D E LT 2 L IFEITENET
-1 (Doietal., 2017 ; Inui et al., 2021). 2016 £E
7 ALK, BLROMEZTEHNICKBEL TN
Va /=T VUVITRECIY, ThETKTIOD
EEDVPHEEINTVB s HI GkEI, —&)l,
F2zmll, ZE)I, BEID 035, AMKICH
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Table 3. Percentage number (%N) and percentage frequency of occurrence (%F) of prey items in diet of Plecoglossus altivelis
altivelis larvae and juveniles from the Kurio River estuary, Yakushima Island

<20.0 mm (11) >20.0 mm (31)
Prey items %N %F %N %F
Calanoida 47.0 54.5 39.0 51.6
Poecilostomatoida 0.0 0.0 7.0 12.9
Harpacticoida 9.1 9.1 1.1 32
Unideintified Copepoda 43.9 54.5 522 67.7
Cladocera 0.0 0.0 0.8 32

Numbers in parentheses indicate sample sizes.

WTT7 IDREDNA BEMRE I NG > e &
Bl &, FFICEREE DNA BEOKD - okl &
—B TR 7 2@k 7 2OBEERERET ST

ERTETVWARY. ZEITIE 1986 F 8 AIcH
HWTT7IDEBNHEREINTVEN EBEEED,
1993), $H, 2R TIREDNA BB E ik
ol bhbd, RFEJNICENT T LEEEER
BLCTHAR LTV BTSN B Y. —F, KA/
—B)ITRMED TEKIBE T H 5 HIRE DNA B
mEN, —BENOROBEED & D EOFH#
ARREINZ. —BE/IOFOREHTHRES N
PR DB DOV THRE ORMIZH 20 (B
BLERANIDGHREL ZTREME), 7IORE
DNA D BHE Nz &id, MO TREBEETEH
HZHBEEEKEINE —E/ T 7 LERREDHER
TNTVRABREEZRB L TS, KBTI
MERDERBIED THERL, Fz, KEHEL
THOTRELSBEREZECIRESRZFICFAL
TWa ks, SEFHAZEHEETICLNTE R
MolzDhE L.

AT, BITHEICE D 7 IOERN TR
EnfsFloAHzERGEE UTERRTICDNT
S M Uiz, WIEEEO 7 ik, FHEARZ
PR TR 720, FOOBET 2H)IIRTE
I BT EHAEETHS. HEoT, AMFICKD
TADERBDHERINEEZEIIEEE), #R
ELUTER LTV AR E W IKE & —E
BT A)ITE 7 ABER L TV A A REM S
g s kizTcERY. BABOWEIICEBT S
7 ADERRIICOWVT XD EREICHIET 5728
i, 5%, BROLW)|Z55RE UiziRBENNE
TH5.

7ADOKBRIHEOEBMNG [ ER LT THE
79% (BF - KA, 1961). #->7T, EIHIE
HEREAREWEEESZERL, BEA£LET
Y8 ATH»S RATADBXZE4MAMOE

B RS (BA - 1K, 1962). 7102,
2EMIEETRIET B0 (HT - L, 2009),
FEINCBNT7 2OERE 11 A LaH»5 11 A
KOBEZF—HMALUAITDN, BEHEZ 1A
HHEEEZONT:. BRERETYaFau7an
EiNE 11 A EAL L3 A EAIKMTTITHhA,
BEHEZRATA»S1AHRATH S (AKX,
2016). HAENOmMRICAE T 5 B4 ([EFE
OEFHARFAEENICBOTELEL, KDEH
WERT R 2 UF 207 AR ERTRPRENT
ERALM o TE.

7 A0DM ERARED Z A X 2 Z I DIKIBISK
ELKELTED, KED10CHIZICERT S
BRI 2B g 2 HZ L %% (HF, 2004;
BIEH, 2020). W EBAIRRFEAIEFEIC K > TEH
L, RWMEAR)ITE3 A AL 4AL4A, &
MEmRAFTITE 2 A LN 5 3 ARELREX
NTW3 Gil, 2006 ; FiEh, 2020). AHFZE
KHBWT, 201743 A2 BIQIGEE)IDOKIEI
85°CEENFICCICIEELTELT, 114CIE
LTWiz4 AR TH LEKEZHERIR T
zehs, BREINCBOTHM EREBOZLI Y
Ze LTI DKIEN 10°CHIBISET BT &H
BEFErEZONE. EENNCBOTHHEAR
2016 4E 11 A20 @A 5 12 A 13 Blc i TR1L
L, b OEFEEZ 11 A30 HidEL TV
D, WIHEGEHMIEBXE4hALHEES
nik.

TR EEOmm MU FICEL, FBEE TS
WCFE X BRI\ % BAfhd % Dl
L, Vaudag 72 CREHEE2 mBEETE
BEDNRIEELRHICE EEZEBT S (AWK,
2016). BABLULOM)II & xRy, WEFIC
BT 2EEREDMITIELTEKIEN10°C
ZTESC &%y (R - HE, 2003). 0
XS, HFEM T ERBROY 1 X3 BEE K
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BOARSNEA, TG DOKIRDENH
KRESEEL TV LRI,

K% - WE Q011 &, 7O bFERES
12O ANTHEKT, LET LS ZRaRIRETHREL,
KR 15°C T 21 HRE, 20°C T 17 B, 25°C T 13
HR@E Lz, Z0O/RRE, FRIZKE 15°CIct
NT220CEL25CTERICEBVRKERZRL
15°C T 14.4 mm, 20°C T 16.0 mm, 25°C T 13.3
mm ICELTWE., D3, 7A{FAIEE
RED T T/KIR25°C £ TRKEBENBHWIEE LW
REZRRT oD S, KHETE, BLE
21 H T166mm, 17H T147mm, 13 H T 127
mm IZELTED, BITHERTHIE SNz 15C
XORBORERS, 200C, 25°C X b R ETIE
WRERERL TV, BENTHHANRLS
CHBEE LU 12 HDKIRIE 142°C £ 15°C 2 FHEH-
THD, FBEFICBVTIKIE15°C THAERED
FRICHANTERVWRERZRL TV D,
2016 £ 1 AH 5 2017 F 1 AlCHhI TEENIFDO
DOEREBIEIRERF TH- T LRI N,

BRECHEY, BERIFETL, BETSHOE
HEAEINT 2EANA SN, —HT, YA X
CEDLET—BLTAHT XA T VEIED
HELXEEME LTHRHEI N TV, Mok T
ET7EY avF a7 ADFMRIEA AT U
FITEEHELUTHHALTOS. HEBOREE,
REE, |FRKXEOWINFOK R T R
BVWEIETHONTEhA T VED ) —T ) 7Y
ERFA N FRBDOIA T VHEHIZ, SEEHLTY
Thofz GEA - KT, 1988 ; EfEIED, 1990 ;
M E D, 19965 JUARIE A, 2006 ; Aritomi et al.,
2017). WAHHJIAMONTRBEESNZRETIES
TANEDFANBEINTOED EEED,
1990), ZEA)IDFHADHEEEN SRBEDFA
FHELTWED - 7.

B, BABOREITIE T 1LEEESHEEL
el REMENE <, MO BN TE 7 2O
BB T T RV, AK (2018) &, 2016 F S
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