Ichthy, Nat. Hist. Fish. Jpn.

ICHTHY

Natural History of Fishes of Japan

?ICI

U T
ITHY$

Natural History

EDITED AND PUBLISHED BY THE KAGOSHIMA UNIVERSITY MUSEUM

ISSN 2435-7715

ORIGINAL RESEARCH ARTICLE

https://www.museum.kagoshima-u.ac.jp/ichthy/articles.html
https://www.jstage.jst.go.jp/browse/ichthy/-char/ja

TEFTFLEESIUKFEICSITE R EOIBAREERNDMEE

MR iEah - - Kk !

Author & Article Info

' REEROKPERBRYS (AR
YEF: yasuhirofujioka@outlook.jp (corresponding author)
NO: oue-nobuyuki@pref.shiga.lg.jp

* UEBEN T FEEIWIE AR (R

Received 16 April 2025

24 April 2025

Accepted 24 April 2025

Published 25 April 2025

DOI 10.34583/ichthy.54.0_80

Revised

Yasuhiro Fujioka and Nobuyuki Oue. 2025. Hatching rates of naturally spawned
Gnathopogon caerulescens eggs on various substrates and sites. Ichthy, Natural His-
tory of Fishes of Japan, 54: 80-89.

We examined the hatching rates of naturally spawned eggs of

Gnathopogon caerulescens, a small cyprinid fish indigenous to
Lake Biwa, central Japan. Spawning behavior was observed near
the lakeshore, in satellite lakes and a small river flowing into a
satellite lake, and the main substrates for the egg deposition were
reed roots and stalks, willow roots near lakeshore and satellite
lakes, and gravel and moss in the river. Naturally spawned egg
batches assessed as 2—-5 days at each site were collected from
various substrates over two years, and incubated till hatching in
the laboratory. The mean hatching rate for each year was about
50% and no clear difference during each spawning season in
the hatching rates was detected in both years. The mean hatch-
ing rate in the satellite lakes tended to be lower than the other
spawning sites. These results suggest that more than half of
naturally spawned eggs die before hatching, and the hatching
rate of the eggs in the satellite lakes may be affected by some
environments and egg quality due to stress for spawning parents
of the higher water temperature.

LR O/NIN T E R INRE T DI VAT, BN
OIS THABN 2T FTE2L2EINTED
(Dahlberg, 1979 ; A, 1989 ; HH « 38, 1994), T D
X 5 HAITEEE ORI X, AR OISR H R
ERHBEINTVS. FFHOMRBETZ T 57280
X, TNHOERERNZCENEETHY, HWEMEH
IDNCRR A IR faf@ CHIRFEE D SN T E 2 (1 -

138, 1994). X7z, FBEOYIIHRBFED 1 DTHBINDE
PERIE, RIS, 2 E EES LEDIMREZITDR N
TRAEDENT EDHENTNSH, BANERINZ R
G BRI 2 IS & T > TRIEEMICIRE T 2R Tl
LEg RN T EDRE TN TV % (Dahlberg, 1979 5 #7 -
i1, 1989). BRODERMEIC 51 ZIFEER & LTIE, 2k
BOSMEE, HEINIINOWREZEICKZIETHEEND S
LDLEZLNZD, ARIREBICE TSI N5DFAEL,
—HROBFEZFRNTINETIZEAEHHEINTVEVLD
WELRTH % (Dahlberg, 1979).

R €T 3O Gnathopogon caerulescens (Sauvage, 1883) &
/R 2 EuaEo/Nf T, BEBINOBEGERTSHZH
(i, 2013), CThF CERINSHTHRERSPEEMM Th NS
D NBIRIERDVA SN TV (R, 2024). A
DFEINE, B SHPEICHT TEEHIFONW, 51
ISR AT 2 /N7 R A IRt Ciib . (A,
1969 ; EHUZE 7, 2020 5 Bk, 2024), MERIEPE DA R
WCEEDFEINZAR DR U THT 5 1 ki Lo/ gH
(BEff 12-1.5 mm) ZEST ENRESNTVS (FERIZ
A, 2013, 2015; Kikko et al., 2018). il ¢/ Nz HEfI,
HE CICEEMOMREEABIIL, Lm0y oM
2923 (hkf, 1969; Kikko et al., 2018). S kf% 1 4Tk
FAUCHEINZITY, ZO%IFIFEALEDEENELT S &
EN T3 (Fujioka and Saegusa, 2015). &3k, Ko EO
TIEEEMOEELOKFERRD 1 DTHSH, ZOWER
(EPETNEGHT T B % M O BT fa B E D SR fa D s v
E T 1980 FARLURIC KIEIC I Uiz k£ CHERR L (iR,
2013), BREEAEDOL Y RV X b THiEIR IAH (CR) &
LCRENTWS BREEA, 2020). il Tld/KHZ 4
F U T EFRR O 75 & TR O RE SN TB
b GEHED, 2023), &5, ARSI & 0 EIID
RENEL o TOIDTOEG T E FEIIDRIENZE
HoNTWS (BHEIED, 2023).

R ED MAREZENICE Y 2 #IEFEIC DWW T,
D NIZE EICERT SRk 4 7RI B Z2 i 3 @RI
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Fig. 1. Map showing seven spawning sites (®) collected Gnatho-
pogon caerulescens eggs batches.

HBEINZ ZENERMNITHASMIETNTWVS (FEMIZ
M, 2021). iz, WEEAIGRENMTbNEIEDOZL
MEZZ—ENTWVBA CKH - B, 2017), T H5H
SRPER TN E DRRED SMEHR 2R T DM DOV TIEINE
TE 27l bhoTWVERV. RIFETIE, FrEOIDY]
HRERFE 2 7Y S 2 —BR & U ThRA 72 pESILG CON 2 IR
U, TOMEBEZIHLMCT BT L =ilP Tz, £z, U
DRSO ICEAMTT DR TWB T b, Thib
KD M O SMEFDO LK E HbE TITo Tz,

M EAE

2017 4F & 2018 4FIC, TME TR ET IDPEINHNEIL
ENTV B RIEMHOERF, SETOSHL, Kitdio/NF,
SFIUTOSIEOEEEMR 4 h AT, EEEMEDO NI Tk
K Z 7R RO TE DM (221.9 ha) HF35 K THHENIH (49.0
ha) DHFED 2 T, 755 CICHEHDOIICH AT % /N1 D
AR O EIA S BRI 1.2 km OHEICH 2 HEIEOE T
DEFHT PSR > Ea QN OEREM L2 RE LT (Fig.
D. 3H NS 7 HIC 1EBIC 1 EOE TRV ETO
DEFIRIZ SR THIZ T 5 L L &1, 10-12 KRl
B O HULAITICE 72 8 /KGR oKl 2 sl L7z, B
DEREH ST DO T IR D EREE I AT & H 75 D kI
ThHaHT D, 2017 FEOREINHIHTH S 5 A 30 HIZ#E
YIRS 5N ZHPFADTHE & KEZWE Lz, JER, I
RS KD IFEDNS 50 cm TN E T, BTRIMD
1-2 m M MIRIC D > TIIDOA I & 7k X Uiz &
L7z,

PESREZFTRON D, JE - A X (Hkf, 1969) 72 &M

53R EO IDEINERERTTRD SN HH/E, %
Hi R 0D 1-3 DN 2% 200 fEFEEEIC TR B K S ICHE T Lol
ZEREE LTz, I PEAS IR EL O /K Tl 7z U 722548 1000 ml
DRV TF L U HEOEARRIC AN, KRZ(LZEET 5720
KT —F—Ry 7 ARWE L THEENFBIR-> 2. §i0
PERICH > T, 1HEFNCBZ I N IR b Zh
DB TS PEIN S NIz & B Z BN B INEERLS 5 K 5188
iz, [Al—HFERT TEBOINRZRET 2551, 3
m DL BN 2GR O8I HERE LTz, Kb R - 7200,
IKPERRBRG O EEERNI A & < A BT Tt ik 7z i 7z
LIZRRE300 ml D75 XFw 7 E—H—IC, FEARMICAE
B 100 KiZ BN & LT U C LB L, =7 —A b
VORISR U T AR 2R DX I LTH&E L. o
ZINA LT E—A—F, BEHaH S ATk z
K UTeD + — &2 —/3Acig UTKIRZ IS 05 % EH
MOMEOKRICEbE . WA LINIEHHEZL, 5
b RS NEHEER, EXy i THEAID |
TS Tzt L. 28k Nl % PEIH
ESMER T HEDBR (y=-021x+22, x4 H1HZ 1LY
ZPEINH | y: BAESEHBO M OUHREH Z RN H & Lz
BAaDBEBLZDSMUE THED DN ZDT (HERIZ D,
2016), THIE N5 SMERET HED b EREBICHIT 5 mfk
SMEPEOEPEZGIK T & THEIHZ#EEL, #fay k
DOREFIH & Ulz. BEKIGTENOIRIUC IS U T HERE i 7%
k& LTz,

monrguay FOSMUFRED S SMER (%) Z2H
L, 4 - BEONRE] - EEONI T IR R g I SR L 7.
F 7z, PEUNERHRZ RGHE (4/3-5/5), hER (5/6-5/31) I &
U2 (6/1-6/25) I3 TR L7z, 7—2B T Licy
HOIERMEME 2 Lz BT, RO D E LWL
ME S iR LTtk SRR EDVFEEDEDA =M

Table 1. Fields, sites and frequency of collected Gnathopogon
caerulescenc egg batches.

: : Spawning Frequency
Field Site substrate 2017 2018
Reed root 2
Enshouji Willow root 2 4
Weed 0 1
Lakeshore Harie Willow root 0 5
Ono Willow root 1 1
Imahama Willow root 0 1
Reed stalk 6 5
Ibanaiko Reed root 6 2
. Willow root 3 5
Satellite lake Reed stalk 10 10
Nishinoko Reed root 1 0
Weed 2 1
. Gravel 11 10
River Yamamoto-gawa Moss 12 9
Total 56 54
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Fig. 2. Spawned eggs in several spawning sites. The eggs were deposited at reed roots in the lakeshore (Enshoji) (A), at willow roots
in the lakeshore (Imahama) (B), at reed stalks in the satellite lake (Nishinoko) (C), at moss in the river (Yamamoto-gawa) (D), at
gravel in the river (Yamamoto-gawa) (E), and the spawning behavior of Grathopogon caerulescens on concrete block in the lake-

shore (Imahama) (F).

Je—TChtiE 5 BT iE « Tukey-Kramer 72 « Scheffe’s F test,
& % & Mann-Whitney’s U test THUE L7z (HIFE, 2011).

#w =R

FESRREERYG RoToaofEiix, il
T OFEMIAIT 2017 41X 4 H6 HA S 6 H 22 HOIH]
RSN, 4 H28 HM 5 6 A 22 HORNCEHT &5z R
5 ARORERS NS 56 1y FOFIZINE LTz, 2018
FIX3H26HNS 7 H 2 HOMICEINDZRDSN, 43
H5 6 H 25 HORICA 7 ATOFEHS NS 54 1y b
DYNZEFRE LTz (Table 1).

PEOME, EEEMEOERFTIEBE IS BEDOY )
4 Salix spp. DIE & I > Phragmites australis DFRIC  (Fig.
2A), BHL, /NI & SR TIE Y F FEHORICED b iz (Fig.
2B). fREANM MO TlE 3 FEAED (Fig. 20), I
R E 7213~ I € Zizania latifolia DIESRKENIFNSIE =—
VERICEEBN L T e, 51, ILARNIITIE, HEIRE RO
a7V — MNEICT ANA 7 |8 DIKESRE Rhynchostegium
spp. MBI L, ZOIKEICZ K DEEZINDRD 5Nz (Fig.
2D). EHIT, ZO MRAOME (BE 8.5m X TOXH)
b2 L DRENMRD 5N T (Fig. 2B). AL IR
VEOIDEINTENCINE S TERIFEA TN ST,
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Fig. 3. Changes in water temperatures at the spawning sites of Gnathopogon caerulescens in 2017 and 2018. (0): Nishinoko, (®): Iba-
naiko, (< ): Harie, (A ): Yamamoto-gawa, (0): Enshoji, (m): Ono, No data: Imahama.
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Fig. 4. Changes in water depth at the spawning sites of Gnathopogon caerulescens in 2017 and 2018. (0): Nishinoko, (®): Ibanaiko, (<):
Harie, (A): Yamamoto-gawa, (0): Enshoji, (m): Ono, No data: Imahama.

SUETIFaT 7V — b~ 7 ay 7 ORI EINS 21 TEINVE
wE Nt (Fig. 2F).

BRELZIMOFEBRICE T % SMEHEIZ, 2017 £
4-10 H (7.1£0.22 H ; F ¥ {# +SE), 2018 4F ¥ 421 H
(10.6+0.91 H) T, BEEAINMNEINENI-HMSREINS
ETOHEIZ, 2017412 0-11 H (4.8+0.38 H), 2018 4F
3 0-7H (2.1+034 H) tHEET NI,

KEREEH S Ok, 2017 413 10.8-29.8°C (4/6-6/30),

2018 4F 13 10.8-30.0°C (4/3-6/26) DOHIFH T, WifEE &N
WA DG LENENMETHE T 52— /45T, WREOME
WE=F 1AM D FESIEGIC Ll U TR WM Z /RS C e L,
KR NI & ORNCEREAZDFED 5Ntz (Scheffe’s F
test, p<0.05). ILAJIE, £ DOHEZENLOHRIEZR
U7z (Fig. 3). F7z, 2017 4R, ZERS<FORTYE & i N
D6 F 1 HOMZFRNT, 2Fidilizi@ L T 20-25°C D
HIPHCZ(E L7zAS, 2018 SE T2 ZE LU T4 H N
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100 IC—BERLEEDODOZORIETL, WS A Eah5 6
HIZh T TIRAICERLTOh S T2,
80 EBEMOKUEIIEWELT ZKEEIE, 2017 FE13%
S (56) - ML ® 4 21 HE T ERERE R LI, 2l
o0 60 - ) 1% 6 A FHETHRAC FHRLT V-, 75 2018 4%, 5
% ol HI4HETERL, ZO®%AMIC FELE (Fig. 4).
= AT, ERE ROV — NE RSN
S| L CHERSNASTEMD B AU S m - K 4m T, K
ZEIX 0.1-10 cm, ¥l LE 6.7£0.27 cm (CEY94i £SE, n =
0 , 44), HiHIZ 0-193 em/see, FHiH I 133.5£5.86 cm/sec

2017 2018 Th-ol, T, Z D IR O THEEINNED 5N
PRI IR 4.5 m « BE 8.5 m T, K& 11-68 cm, ¥
Year fiEld 38.3£2.59 em (n = 41), {FiEid 11-45 cm/sec, “FHIfH
Fig. 5. Comparisons with the mean hatching rates of Gnatho-

pogon caerulescens in 2017 and 2018. No significant differ- (¥ 28.4+1.78 cm/sec ThH o Iz
ence of the mean hatching rates of eggs was seen between

2017 and 2018 (Student’s t-test, =0.85<t45=1.66). (): Num-

ber of specimens.
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v 40 40 -
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Fig. 6. Comparisons with the mean hatching rates among the spawning seasons of Gnathopogon caerulescens in 2017 and 2018. No
significant difference of the mean hatching rates of eggs was seen among the early, middle and latter season in 2017 (Single-factor
ANOVA, f=1.38<f,45=3.17) and 2018 (Single-factor ANOVA, f=1.48<f,45=3.18). (): Number of specimens.

100 100
* %
3) 2017 2018 —
80 - 80 |
< 23 2
§ o8 (23) (12) (19)
é” 60 60 |
= (23)
2 40 ¢ 40 +
<
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20 20 |
0 1 1 0 1 1
Lakeshore Satellite lakes River Lakeshore Satellite lakes River
Spawning field

Fig. 7. Comparisons with the mean hatching rates among the spawning fields of Gnathopogon caerulescens in 2017 and 2018. No sig-
nificant difference of the mean hatching rates of eggs was seen among the lakeshore, satellite lakes, and river in 2017 (Single-factor
ANOVA, f=1.62<f,5=3.17), but significant differences were seen between the satellite lakes and lakeshores and between the satel-
lite lakes and river in 2018 (Single-factor ANOVA, f=6.82>f45=3.18, Tukey-Kramer test, p<0.05). (): Number of specimens.
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Fig. 8. Comparisons with the mean hatching rates of Gnathopogon caerulescens between the satellite lakes in 2017 and 2018. No sig-
nificant difference of the mean hatching rates of eggs was seen between Nishinoko and Ibanaiko in 2017 and 2018 (2017; Student's
t-test, £=0.29<t,95,=1.71, 2018; Student's t-test, /=1.00<t( ¢5i=1.72). (): Number of specimens.
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- ©)
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Fig. 9. Comparisons with the mean hatching rates of Gnathopogon caerulescens among spawning seasons of the satellite lakes in
2017 and 2018. No significant difference of the mean hatching rate of eggs was seen among the early, middle and latter season of
the satellite lakes in 2017 (Single-factor ANOVA, f=0.48<f,5,=3.39), but significant differences were seen between the early and
latter season, and the middle and latter season in 2018 (Single-factor ANOVA, f=5.08>f,5=3.49, Tukey-Kramer test, p<0.05). ():

Number of specimens.

F - FHHAREOOLIEE HRELZIIoen Yy OSSR,
2017 Fl% 1-100% (53.3+3.75 ; “F¥ +SE), 2018 Tl 1-
100% (49.0£3.24) T, WifED P SMERICH B4 FR
H5N7ah o7z (Fig. 5; Student't test, £=0.85<t45=1.66).

i 4 D FE DN IRE I O -1 S b R 2 friig 9 % & (Fig.
6), 2017 fEIE MY 59.6% & i & i < R A 44.9% &
REES oD, 3HHTHEZRZEDNZN > T
(Single-factor ANOVA, f=1.38<f,005=3.17). £ 7z, 2018 4F
t 41.6-552% OHFIPH THEHIN @A > 72 H DD, 2017 4F
[FIRRIC 3 FARNCH EAIERRD 5 N7ah o 7z (Single-factor
ANOVA, f=1.48<f 5 =3.18).

EEORKIRDLLER  EDNG T 2 HEE R, NillB KT
WDKK E L Bixd 3 KBS CEESMERZ LT %

& (Fig. 7), 2017 FEIZMED 69.3£10.80% & @<, HNT
1D 56.846.23% T, NiHIHY 47.5£5.00% L KWMETH >
7oy, 3 KBNS HE ZAEED 5Nah o fz (Single-factor
ANOVA, £=1.62<f,45,=3.17). 2018 4E Tl & ) 11HY 50%
D EDfEiZR UTzhy, 2017 45 & [EERIC NIHIAY 36.5+4.16%
At 2 7k K D ARV E & JR U (Single-factor ANOVA,

.7&6~82>f(0.95)=3-18), NI & - I 2 A = E

MRS 5N Tz (Tukey-Kramer test, p<0.05).

PHDIM & FEENTRI O SMERD T (Fig. 8), 24
& & FEIEICAEAITRED S NEh o 7z (2017; Student't
test, 7=0.29<t45=1.71, 2018; Student't test, /=1.00<ty45,=1.72).
W ANTAD SME# % Fid L FRRIC 3 BIRIC 20, SR O
B s % & (Fig. 9), 2017 £ TIEZHAOR(ED -
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Fig. 10. Comparisons with the mean hatching rates of Gnathopogon caerulescens among spawning seasons of the river in 2017 and
2018. Significant differences were seen between the middle and latter season in 2017 (Single-factor ANOVA, f=4.72>f, ¢5=3.49,
Tukey-Kramer test, p<0.05), but no significant difference was seen among spawning seasons in 2018 (Single-factor ANOVA,

f=0.19<f45,=3.63). (): Number of specimens.

100 ’ ~
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=
D
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=

20
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Reed stalks Reed roots Willow roots
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80 r
60 F (15)
)] 3)
40
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0 1
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and weeds
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Fig. 11. Comparisons with the mean hatching rates of Grathopogon caerulescens among spawning substrates of the satellite lakes in
2017 and 2018. Significant differences were seen between the reed stalks, and the willow roots and weed, and between the reed
stalks, and the willow roots and weed in 2017 (Single-factor ANOVA, f=6.9>f,¢5,=3.39, Tukey-Kramer test, p<0.05), but no signif-
icant difference was seen among spawning substrates of the satellite lakes in 2018 (Single-factor ANOVA, f=0.19<f,¢5=3.63). ():

Number of specimens.

T EELZITED 5Nk h > 7z (Single-factor ANOVA,
F0.48<f,05,=3.39). 2018 4E X AT - HHHADY & £ 1T 42%
THoTW, BN 15% LM EEEND D (Single-
factor ANOVA, f=5.08>,45,=3.49), il & %A, g &%
HOMICZENENEEADRD 5Nz (Tukey-Kramer test,
p<0.05).

FkEC, FITE 3O SMeRE KT % &,
2018 4E T & ﬁ BRSO NG o2 (Single-factor
ANOVA, £=0.19<f145,=3.63), 2017 4ETIXHPHHD 77.8+7.43%
I 0 U 1% 8 1% 35.647.33% & i < (Single-factor ANOVA,
SF4T2>1065=3.49), FHI L ZBIMICHRENRD SN
(Fig. 10; Tukey-Kramer test, p<0.05).

FERESROLEE WM OEIN T EINEEICI V%
VMBIV F FHOML/KEIINAZ L 5N
T eMS, WO NG EIEE TSRz LT
LT A (Fig. 11), 2017 £ CIE I AR &Y F FHHOERK
FLDPEIITIE 60% DL EOFHEZRLTED, FTET
1& 34.144.20% & KM Z /R LTI VIR E YV F FHOER
IKELE DRNCERAZDRD 5 N7z (Single-factor ANOVA,
fF6.9>1,05=3.39). 2018 4 TiE, T XL 41.8+4.61% TH
D, T X FFRVKETIEEHICMN28% LT TH >
fehy, 3EMICHEREATED 5 NEh > 7z (Single-factor
ANOVA, f=1.7<f15=3.49).

WTIREE E A EDINNIDEE L KEFANEINENT
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Fig. 12. Comparisons with the mean hatching rates of Gnathopogon caerulescens between spawning substrates of the river in 2017
and 2018. No significant difference of the mean hatching rates of eggs was seen between spawning substrates of the river in 2017
and 2018 (Student’s t-test, 2017; =0.16<f, 45,=1.72, 2018; t=1.14<f, y5=1.74). (): Number of specimens.

B0, MEOPESMeRZIR LIz A (Fig. 12), 2
R & B 52-64% OHIP T, MEEMICAREZEGRD S
N 7% o 7z (Student't test, 2017; 1=0.16<f},45=1.72, 2018;
=1.14<f,45=1.74).

£z E

ARBFZET, H2EOFEEHFEZT Thh NI
REERIRGMAMM L, T4 ANDS 6 HE TOHIEM
EWHICOZ>THEIIL TV T ENH 5D THLD
ICixotz. iz, FEINGANE, PO IEKED 5 K iE
193 cm/sec DHR/KIB DM F TREAINDFED NIz, FE
LichRrEmaiiid, SMeEBD SHEE U THEIMR TS L
T2HAEVWLS HIZERBLZEDT, SHMegRE 2 FME
& RN T 50% fitk L IZIFAEEOMEERL, Fz,
FEUNEAZ RGP AR HAIC 0 CTHI L CE A EA IR b ik
Mole. TNHORENS, NS EHERGE U2 3 RE
HIPDSERIE, EEWIKE IR TEINZE L T 50%
BETHZEEZONS. KIETHREINLZRETO
IO SMEHE, P S% BETHD T eh s (BERIZD,
2015), RIRFEEAINDSMERKIFEH FOME D 35% 1% 18
WZ licxs., £iz, TOfEIF, HRIRETHEEL T
BRICEMENE R S NI NAEREET TRZEININD
SMEET, HHTIEIIOREIC K ZIFEDKNK Rl k%
Hekg, & BIIKE YN8 e 5 O TMERIZE S
I FLTWEAREE D H 2D e EZ 5N (Dahlberg,
1979 ; &I, 2012).

RyEOIDUNDOHIISERIC OV TIE, YR
FATIE80% LL & mwdy (R, 1999; F# - #K,
2009), WEFEF 10 T 0.3-66%, KR E T 0.9-18% &

ENTHD (Dahlberg, 1979), FHEICK > TAEL Eix>T
WABT EMHIBNTWS. TNEDIMERELMENRLD
BRI LR T E 2 WY, SO R ET IO SMERI,
YR K 0 DR DRV, ZFNLSNOfEE gL
TZNEEENMETIE RN EF A%, BIERHCHINZ B O
Y7 pE IR LI WA TIE, SMEBROETCRD A
FERBREIC KD YIWORME TRMICIKT T2 TN TW»
% (Dahlberg, 1979 ; &A%, 1989 ; M - Y2, 1994). 5K
YEOILBININZ (RS T LR Z O Z A (h
K, 1969 5 R IZ A, 2013), S [EIOFEF D 51D SEKE
FMTTTIEI O D L8, HH0IEZENLLED
BFEL TR T ERRLTVS.
RYEUINDOSMERICHET 5 HERE LT, 2K
BRI OKE KR pH, WKL) < )tix EDEL
Y, Fiz, BRI K BINSRT 2 YR i E8=AE 2
5N 5 (A - MR, 1989). Fiz, MG 28ZELT
WERRFTINELZO 1 DOEREEDbN TS (Bobe
and Labbg, 2010). AWISET, MEIIG DK 10.8-30°C %2
AU, RrERIGOKEE SMEBORFRIE, 10-29°C
OHFIPHTIMERIZE L, 32°C T50% U RITE R 5Tk
WAL TCWA Z s (ERIEA, 2016), JIIEX N
IR DHIFAN Tl KIS K 290D SMERADEREDOF
FFEACHNE D EHERENS. FEINO pH ICDWNT
EAEIFAE L TWERWD, FEOINC I 2 ARWFZE & 15D
A CHRE AR OMEAY 2017 4ETld 8.6-9.5, 2018 E Tl
8.7-8.6 TH O (HERIZD, KIELK), TNEDEMNINDS
LRICH A B BRI TIERHTH 5.
PEIRIKIHNC SMeR 2 B &, PR 2 F & &
FESRW N EENTHTC 10-20% FREHE A - 72, FESRER RO
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PIERRBRES L, TR AE 2 TR E N T
FEMEDOEVIKDINCHG T N TWB EE A BN, Tz,
W CIJEIC & BIRD S 2 FHC 3K 2 3 ANE b >
TW3EDEHEENS. —7, Wi, FSEOYIER
LIRZEMT T N UDELFET BN, KENERL —
A HIRIFEEEMFIC L L Tz b /N E okofiing 4
U (PHEF - HEE, 2005). T O X S RNHIEREEORED
HKIIC Fl U TR e a0 SMERE FICEZE LTV
LAEEMENEZ BN, 6, BEEWETRDLIPEGD
TR 8 m LI I H IS 25°C LU R DIKIRJE D EAETS % B,
IKEDRNNITIE S A D 6 HIC 25°C B Z 2 DS
D, 2017 4EiF 6 A 1 HICHiN & & —RFAYIC 29°C A T
Wiz, RYEBIOFEINTTE EKIROBFRIE, 10°C LLE
IS % LRESIA BB E N 25°C UL E T DB L ENTED
(BRERE D, 1991), FEEXICPESITTEIAY 10-26°C DHiPH TR
HHENTWS (HERIZA, 2013; Kikko et al., 2015). il
ORFHARI D SR, 2018 4 TIEEZINC KIE R F AR
BN (Fig. 9), 2018 DN RIKD T SMERZL T
TRZEREES> TV iz, WITE 2017 D%
S LRI U THRATIR N L TWehy, 2018 4
FRERZAK AR S Nisho 7z (Fig. 10). RArEDO I
ZWEINT 2 b (EERZD, 2013,2015), PN
NSRS B CTREIRS 2 8ifld, RIEI D HHEE 2 N
OMFICFHELTHER LTV R EDEEZHNE (BT
A, 2014). NI PESIEG CIE FEIIE IO IKIRANRE 4 26°C
A Tz, FESINC B 2 @/KIRIEBBAAND X S L X
ERRDIVER RIS LT e ERINTVE T LD
(Billard et al., 1981), @E/KERDBIFANDA ML A EEST
RIS L, SMERE NERDO—DICE > Tz AlREME
NHZEDEHRENG. LHL, SMEREL RO &
JNTHIESTFICALNDE T EnD, FOFRMICOWVTIE
W D SRPHR + IO 7R E 728 U T il MG DS n 22 T
hBLEZLND.

B BEINEEIC K 2O SNMERDEZRICDWVTIE,
WL DO DRIKFTINE THEINTIE D Johnson,
1961; Macharia et al., 2005), AWHFZE T OWDHEE & IKE
FM TR SMERICE G B o T2 DD, NI FEIIRE R
THMERICHEEENRD SN, L L, LK 2 ERM
TRZZMERER->TEHD, EINEBELANOER (F 21
K72 E) DR L TOIATREMEDN D 2 8 D EEA BN S.
JNDFESHGFTEIR T, KEINZ  EZ TN D58
B EIE NS T EDHIIHL T3 (Kikko et al., 2020).
=75+ NINCHAPERO R ORI D 7R W EEE I 0 N
Tl&, EINAVKEETTrabNEEIRAKH FICEH LT
a2, NIHOBEIEE R TSERICENED 5N
HHERICE, BIAIET AR TIE AR Y IR ED &4 L
TWVWBDT, KN FEIIREX 0D UK R LU TE KGR

Nl TIRREDHERF X LTI DRZIE 2 B SHIRD R & &
ABNBH, FTVEPEDOHNT T IRITHENIL > T
Y FFTE, KME R 2 LIIDZEHIcBEH L, B
BND % RHITIOTIENLIEE NS D, IRORVEHTIE
IR LT 725D LRI NG, FIKIC 2017 4
Tl 4 AN S 6 A THIE TKNMIZK TS5~ HTho
7o, 2018 FETIEMIC s AR E T EA LTV o7z b
DK EANOFE D E DFREIND LA L T B D0
FHIHL TWianT e b, SBZOFMZHLMMNCT 2
ENHZEDEEZBNS.

EDXSic, RyEOQIEENGATE UTIk/KIET
B ZIFFPNINE D © Tld7x < FKIKOW 1T rEIR T8h %
TV, EONEYE & U T SRER REY £ CRIF T 5.
T DX D BRI BHEG TP EHAEIR D3R - FIFH OBEOD
JLEDAROEEEMIC B 2 EABEO LRI K E I 1 X
MERSZRREICL TV A0 EEZLNS. LAL, IED
AREEAREY A XOKIEZRK T E GBER, 2013), AFEH
RGBS 2 BHR T AR 2 K> T T E, IR
M TS DB HGET 27K 5 BEEA DB T OKE)
ThHcHT D, EEMKMDEIICKIEK RS2 90
THIECT 55 LB @ 2T 5DT, 5%L BN
BAEANDOHEBEZARENRDOENS.

E 23

WRIUK pERR RS D I R T IS RIS AR A T
HRZW-T. e, FEEIK AH MK, A
—RICIEFZRICMEEZK D 5 L Twiciiwniz, Zoftho
BEOHFRICE REBMEGIC ATz, 51T, Batk e
EHEDOHRICEBILZHL L5,
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