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Relationship between recruitment of the juvenile jack mackerel
(Trachurus japonicus) and the warm water inflow in the Uwa Sea

Daisuke HasHina! T, Akihiko Takech' and Takeshi Tomryama®
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eSO RiE IR BT 5 Z L ARIE S .

We investigated the relationship between the recruitment of the juvenile jack mackerel Trachurus japonicus (ranging
from 30 to 80 mm in fork length) to the coastal zone of Ehime Prefecture and the inflow of warm water. The fishing
ground of the juveniles was formed in only the coastal zone of Uwajima Bay and northward. During the fishing season
of the juveniles, the inflow of warm water to the fishing ground was observed when catch per purse seine fishing ves-
sel, mainly operating in the ground, (CPUE) drastically increased. In addition, the CPUE after the inflow of warm wa-
ter was significantly higher than before. From the above findings, it is likely that juvenile jack mackerel are recruited to
the coastal zone of Uwajima Bay and northward with the inflow of warm water from the south. In 4 of 11 cases of the
inflow of warm water observed at the time of the drastic increase in CPUE, the warm water flowed in from the middle
of the Bungo Channel and was not accompanied by a rise in water temperature in the eastern side of the channel. Thus
far, studies on variations in jack mackerel fishing conditions have focused on Kyucho, the northward advance of warm
water of the Kuroshio system to the eastern side of the Bungo Channel, which causes a sudden rise in the water tem-
perature of the coastal zone. However, our investigation indicates that the inflow of warm water from the middle of the
Bungo Channel that is not accompanied by a rise in water temperature in the eastern side of the channel is also strongly
related to the recruitment of the juveniles.
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Figure 1. Map showing the study area, Uwa Sea. The left figure shows a schematic view of Kuroshio Current. The
solid circles (C1, C2, and C3) in the right figure show water temperature monitoring stations.

X P EBE ML r o TV D (EMOKESR KE SRR
&, 2014). LD DIFEHEHITHOER L LTRVWEESD
% )2 30 mm 2L 80 mm Kiwi OEA (LT, =7 JHEM)
EEWALGE TG S, #io $ ERELEORELRIA
BRemoTwa., LaL, WRENAZELGT HEROZE
BIRE L, HERD SRR oK FHsERZ IR T
W5, F7, FOENTIICOWTIE, EFH G 2 5L S
M5 H) 2 CEERIERE A -OMIBOMIEL»S D
BUANREV. 2O X S ITHIBOKERED S~ T ViR
ERGA L2 F RO SN TWBH25, ED7=0121F
WO FERE LI L, MR E S 2 kb %
LN THIEDNEETH 5.
AFEIEEE30mmIZET S F TIZIETRTOIEDNE
L, EERENAEE S (FAIIH, 1982). BXEK45-
OmmIZ K ET A EEML CTIHFEBICREL (RIE,
1957), ZTOHIFHMEE L L HIKAMEEZ AL,
ESRWA LA BT H B (L - BEE,  1954; JITIG,
1959). T D7z, <7 JHEM DU R WA B 5
DRERHE RIS IS T 5 2 L IE, KERO BN 2R
DB E R OGN R ER AT T 59 A THEETH
5.

FHNEALE T 5 5 KBRS RT LRI <,
Z DHFEBRENIINED S OBKTADREZ 5 ZIFTw»

. ZOX) BRI F XM & 13RI
HLTBY, AKERE, PRI, LS50 19 5 R
BEK DTEAFERE DR E DRFHI LV, G i
&, HHVIFHBARICEIEL S A HESh Ty
% (fBR, 1972). FHEO< 7 1220V TIE, HBigfoK
BmOZE DS, BWSRBEARPAKERIB A I B L TR
WCABAKREAZFI &R 32 GURIZAH, 1992;
Takeoka et al., 1993) DEEEA Z1F 5 2 LAURBEINTW
% (fiH:, 2002; 4134, 2007). LA LZAHs, ZhFET
DOWgElx, 7-8 AR DBEZF 2 uMIFET 528 (EEIZAH,
1992) &7 VURADOWNENEZWNZLELZDDTH

D, 46 HICHEIND < T VHEMOREREIAHTDH
5.

A7 TIE, FHHFCBIT S F X HEEOBREEEL L
RO A 6= 7 VRO 2 e Lz, $72,
MR B Rl B 2 B © 22129 % 728, KBHHR7E
FTaL, XDMEOKRGADILIBT LI ENTES
NOAA 2 RIS X 0 BRKEA % 0 HAL TR L, IR
MOZALZ PRI E LIz~ 7 DR DR EBEARTEA L DY
LA MR L7z,
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Table 1. Number of assessments conducted in Uwajima and Ainan fishing ports, during the period from 2009 to 2015.

UWAIJIMA fishing port Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2009 15 19 21 23 17 19 16 15 9 3

2010 3 3 15 20 19 22 18 19 16 5 4 4

2011 4 3 14 15 16 18 13 13 15 12 4 5

2012 5 6 11 13 13 12 13 15 13 12 6 4

2013 5 5 13 16 17 16 16 12 14 16 7 5

2014 4 8 13 15 15 12 13 10 12 15 10 8

2015 8 11 12 14 15 15 12

AINAN fishing port Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2009 8 13 15 15 12 13 11 7 7 4

2010 5 4 12 15 12 14 16 14 14 4 3 4

2011 3 3 14 17 15 13 16 14 15 12 4 5

2012 4 4 15 15 15 13 15 14 13 17 4 4

2013 4 4 15 16 18 16 17 15 13 16 8 8

2014 6 8 15 13 16 14 15 12 12 16 10 8

2015 10 9 11 15 13 15 14

M#ETE L7z, B K o TRZRXE - (kEDOWE T — 5 13K
BEET—4 Hl - #EEEREEE 20080~ A H (LT, #X) lo7—% -+t
FEMMEIC L > TSN~ 7 VYAoK, & FELTEHLL HohT—% 1y MI13547—%

1 UEL 38 S o ) L5 38 5 2 R0 8 S8 & R S gy (DUF
FHIEVE), BB & MM (UL, ZM
#) (Fig. 1) KRBT EN D R 2002). KiFsh
=7 Vi, FMEBTIZRLE (DUF, FL) 170 mm #j #
T TIX FL 190 mm {i % % B2 1 /N o AR IX €~ T4,
W, KBOERILT VHEICX g Eh, <7 DML s
TEMNCEENT 5. 0720, MR T— 7 XMWk S H
DB o7 Y - EARB DX > TR R R W72,
MiERE

<7 VR OWN - i RS A7-0, FHIEBRE BN
EIZBVT20094E3 H-20154F7 A o IS 123 ~23
ORETHRAEZERL 72 (Table 1). FAY 012 #E
WMEKGTFT LT SMEERT Z RIS, RS2
2HAETE TOKBWIZONWT, Z Ol E, HEHrZ
BEW o7 Tz, WHEMESE ORMEERE B XIS &
DI, KM TSI N TG EIE T V#
W, ¥ T, FhFERIZOWT, KGRI 5
fiilE & DR A M E -7z, BED I X > T
MESEOERELSL 2 ENTEL T SO EL, W%
EF B WIMICAKET L2 HER 30,774 5D 9 HHE 19,291 #%
Tho7-.

YU TEMRICIX G ENTKEM DD B, WEAE % 55 e
TELKEWO—HHSEHIZ0RLL L% T ¥ ¥ A2k E
Wy, BLF-R3MREECHLE) 1 mmBEMTRXESL
WET S E L H120.01 gHALF 72130.1 g AL THREZ IE

T, 17=%ty MIBUIZHEKD Y4862 (/b
15, ®mK200RE) THot-.
YT UMADRS - HiliH LU CPUEDBIE
<7 IR OWIER5AG & EIR T 5 728, 20092015 4E D
3-6 FICEMUE L FHEEIIKET SNz ¥ TR 2,468
b5 BT X o TUHIEME D T X 721,986
b oKGET— 5 ZKGHB - BXBNCER L2 &
B, KGWHBBEEH R THIE S LTV a1E, TR
DB &Moo 7B E Z L OB GERLHIET
WX KGR Z RO 72 RS H - HXBN R L 72k
Br—7 LRAENETF— 7 20T, UTFoR»5ikKX
T HIZBI B RAEX G IDOREGEC, 2 L7,
Ci=C,x Y (CyxHy)/DC, (1)
d d

Z 2 C, IEFL20mm 2L b FL 45 mm % {i, FL 45 mm
VL I FL 80 mm 7 fi, FL 80 mm LA I~ FL 140 mm 4 {ii, FL
140 mm PA D 4X 45, C It HOWIX T & D ¥ TEHEK
B ERT. f£72, C,H, \ZMX T EITRGHIIIBITS
Y2 TR & X Y TS BRI 5 R LR
SIOWEEROHETHL. BoNZBXTEDARE
XEXGH DX > TENIKIEEC, 2341, 56 JD"H
T EIZHEEL, GIS V7 b Marine Explorer Ver.4 (B 434k
REYIabL—va V%) 2HwT, BXEXZIO
ARG AT & VB L 72
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Figure 2. Distribution of the fishing efforts (number of sets) of the purse seiners that landed at (a) Uwajima fishing
port and (b) Ainan fishing port during 2009—2015. The plus sign indicates that there was a few fishing effort.

PRSEHL 2T 2 & OV E AT T & 72 HER 19,259 %K D &
MM BZ o 7221149 M OFHEOGA % R D & (Fig.
2), BRTE<T IHMOWGGHIFMEBICAEL-E X
M OBERICE TN TCn, T2, MERVZBI %5
72 HE19,291 KK D 99.8% ASKH5 H il H 4 %15 5 24 H FL 5
WCHBEEZBI o TWe L72d5o T, FHBEEICKET
SNz~ 7 DHEAUIITH A 2 5 4 HEEUI T, =73
e oM CHEI N bo LS. o), F
FBEICRBITEN, ¥ o TEHMICK S S =0l e MR
WD LT VA OEED50%Z B2 72 HOHTH 25
KBICBZ7-HE R~ T VR0 (LIF, i) &
L7z F7:, P REERICAB L @1 nd
720 DX v TEMIKE R (CPUE) 2fcBi05A~TY
e onfimOfEEL L, HRNEHR L. 2B, X
WS X B RG0S5 72 HIZDWTIZCPUE 25 H L 7%
Motz BAERNCB TS CPUEORNFT—F ) bk
fliiZxt3 % CPUE DARMEZS, £ & MO KT A3 D >
ZHZ SO HUWNIZ0.5 DL EHEFE I L - HHIZB v,
B KA DA M % 7.

YT UMADRBICE T ZEKREADIEIE

G~ OBEKFEADIRIZH 72 - T, FRISHEIALHH
SHFIZ BT 5 NOAA i 2. D AVHRRZ 5 Z ALEL L, J03ETS
W — AL vy —DRLFRRAE L 72 1.1 km HLAL O B R
ZEOHEBEHKRET -7 2 W, 0o b, EiTk
DB R BT S0, 13°CLUT 2 B U7z K 7 —
¥ (LUF, WEBMT—%) 2MH Lz &8, fido X
ICHPTOF EMWMOEIE IO ThLholzlzd, 8
B & B H 8E DM KR D H AW 7 — ¥ Td 5 fig B B

F— Y OHAHIBSEIEEO A E LT Y o722, 72,
SEIOFEAN X BINFIROKIREAL R Z 5 720, THIHE
RO 3 (C1-C3,Fig. 1) KR (¥=54 b7 A4
148 ZFU-WT2-S, JFET7 FN Y 7 v 7 8 ATDIM B X OF
Onset Computer #1: % Hobo Water Temp Pro v2) % i%i& L, iff
5 mOKiRE 1R F 721X 200 2 & 12iilse L7z,
OB 7 — & ORI 1 20092015 4E o Y] B 46 4
HEi2 S ETE L, defE3283940008-33 B 32
5300F%, HURE 132 B 05 43 00 #—132 £ 43 4300 F D g = PN ife
B (Fig. 1) 122WT, EHo 2 wH, $4b
LRI T — & @ 9 HFHKIRAHUS T & 72810 s
LS0OLL L ), 2 oFfEE 2 SLAfE33E 125 158
VAt o FREN I B W T 50 L EFED S - H %
O, FRFT S 72 AT ICH W 728100 H B0E, 2009 4F 1%
30 H, 20104F (X21 H, 20114F &4 H, 20124E 316 H,
20134E 1226 H, 20144E1X21 H, 201541 X 17H TH 5.
INSHEEBIN T — 2 25 FAEEZ &AM 33 1245
1I5BLDILO FRER RO KRT— 7 2Hbh L, ZoH
IR KD BT, I 4 0 & R L TR B
MUTWwAHMZRBELE. 2095, 1°CULEoKREE
AVRD SN BWHEThORHKRBROENHZ, BRKKA
AR E Lz, F72, BKRADOIEN LGB ITL<T
VMR DGR E G 2 5 0WEET 5 728, Wilcoxon
K5 AR A E 1202 & > T CPUE @ 4 H ] @ H “FI91il % 1%
KFMASEARIB TR L7, 7B, MEOZIMIZIE
WHEI D ZE T 525, RSB 2 hiRATld~
TR I N T oz 2L, BRI OME
WG e B PMETICOVWTHREIRILTE ST, MM
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X7 VMBOUEN D o W RIELERAON. 2ok
O, BEMNRE % HWEO ) LR O T &M 1D 7
D DX TEMKGED < T THEMR O R LT
5EMGELREEB I ol

w 2
EXREROEEHHE Y7 OHADRS
WFNDEIZBWT S 5-6 HICFL50-70 mm I2E— N 2 #F
DEREHOMANRD S, 7HUKEZZ OB BIMALEZ
HHEL T/ (Fig.3). ¥ 7 YHEMICH YT 5 FL 30 mm
DIE 80 mm A ORI, FHHIMARO—FHL LT56H
WIS TBY, THURIZEFIEALHESAL TV
ol

<7 VM DWIEN D72 B 34 A ATEICIA L7z
& HE%E 5 FL 140 mm DL b A A3 A6 #E 33 FE LR % rh
Wk LR T STz (Fig.4).5-6 HICk % &,
WTNOFIZB VT, FHEBUILoRRERIC~ 7 I
AL CTB Y, Wi~ 7 DA OHEEITER ST
Twi T/ <7 VA0 B FL 45 mm KD/l o
TARIZ R, &4E L S IZFL45 mm Bl Lo KE o fifkH3%
ol
BERIICH TS CPUEDEE) EBAFRADEERR
I, 201042 B TRTCODETS-6ADMIZH - 72
(Table 2). FHAEMMICIBIT 2 HFIH D CPUE I 56 kg - #!
(20124F) 205 574 kg - #' (20114F) ORI TEH L T 7-.
HWIZBWT, ¥y TEMICX G SNz ko R
Fl1344-183mmTH Y, ZOKRF1Z45-80mm D TH -
7z (Fig.5). BEMMIIBIT 5 CPUEOHBFT—5 D) b
I AAE 203 % CPUE O AHXHEAY9 H BANIC 0.5 B [ HLGR
B U 72 IR30%, 20092015 4E i HIC BT 12802520 5
n. Zonrlos s, 20114E5H28H-6H1H & 2013
ESH29H-6 H1 HOMMIZED 7z 2 87— & H3H
BTEY, BAKRADOEMEZMGETE 2572 (Fig. 6).
O 108zowTid, BIEHRIZ19-23°C DK< 7 TH
FOWH~NHALTWD Z LD FER S N7 (Figs. 6,7).

Table 2. Fishing season and CPUE of juvenile jack mackerel.

CPUE (kg-boat™'-day™")

Year Fishing season
Avg. Max. Min.

2009 May 12-June 27 246 439 0
2010 May 9-July 8 228 1005 6
2011 May 5—June 15 574 1297 0
2012 May 14—June 16 56 486 4
2013 May 7-June 20 321 752 24
2014 May 12-June 17 173 419 11

2015 May 28-June 30 563 2296 2

2?9 B, 200945 H25H, 20134FE5H 7H, 20144FE6 H
1H, 20144E6 A 10 HIZF84E L 72 BRI A T, J82EH A
SEHFNIIB W CFEHEAERON R TKIRO 2 2 FAE
B X772 (Fig. 6).

CPUE 2S8R (2B U 72 1R PAARIZ & 9 Bl D IR IKGE A 23
FEA L, 20092015 4E A RE S ML 72BRIKGE A X ET 20 [
T®H-o7 (Fig.6). CPUED4H M@ H¥EHEZ, 20[E D
BRI A DA HFi 2 TR % & (Table 3), BRAKIEA
HI @ CPUE 2R, BEIKIEATRD CPUE DA RIS H» o 72
(Wilcoxon 755 EAFIHE I p=0.021).

zZ =

YT OMADMRSEE LU CPUEDBRS - E£RIEE
AWZEIC L T, =7 VHEM DU H 5-6 HICFHBELL
JEDBFEBICBWTREINL Z PO E o7 F
MEBETHXEEZBI %) FEMMIEASV S mm B EOH
WHMHT 2 (LH - ¥, 1992) 720, F&F 572504
B IULFL 45 mm KfiO/NREK S LS D LE 25
NG, LLAAS, RIS /KOS A 13
DTS, ZOMBEORTHHE, HEIEL TRREBIRES
% FL 45 mm 2L FFL 80 mm ARl DMK (BRJE, 1957) T
HHNTW (Figs.4,5). SRHDZEHRS, <7 Vi
1.0 9 HEIZFL 45 mm YL FL 80 mm A O AR A1 1

Table 3. Comparison of mean CPUE for 4 days before and after
warmer water inflow.

Mean CPUE
Date (before warm
water inflow)

Mean CPUE
(after warm
water inflow)

13-May-09 0 147
25-May-09 110 250
7-Jun-09 305 362
17-Jun-09 401 318
22-May-10 100 236
4-Jun-10 836 813
12-Jun-10 269 257
18-May-11 355 755
28-May-12 14 207
11-Jun-12 36 27
7-May-13 18 311
14-May-13 322 155
22-May-13 235 116
26-May-13 175 92
14-Jun-13 533 629
14-May-14 19 38
1-Jun-14 128 251
10-Jun-14 102 272
31-May-15 197 1521
2-Tun-15 767 1582
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Figure 3. (a) Frequency distribution of fork length of jack mackerel classified into the Zengo brand
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B 20mm=<FL<45mm
B 45mm=<FL<80mm
I 80mm=FL<140mm

® 10t ] 140mm<FL

x  No Catch Il UNKOWN

Figure 4. Catch distribution and fork length classes of jack mackerel classified into the Zengo brand. Colors in the
distribution indicate classes by fork length: green, individuals >20 mm and <45 mm fork length; red, individuals
>45 mm and <80 mm; blue, individuals >80 mm and <140 mm; yellow, individuals of >140 mm; black, un-
known.
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Figure 5. Daily changes in CPUE (kg-boat™'-day™') and average fork length of jack mackerel classified into the

Zengo brand during the fishing season at Uwajima fishing port. Horizontal bars indicate the period when CPUE
increased remarkably. Vertical bar shows standard deviations of fork length. The solid triangle shows that there

was no landing.
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Figure 6. Daily changes in water temperature at 5 m depth of St. CI-C3 (Fig. 1) and at sea surface in the northern

coastal zone of the Uwa Sea. Horizontal bars indicate the period when CPUE increased remarkably. The arrow in-
dicates timing of warm water inflow. The scale for St. C2 and St. C3 is shifted 3°C and 6°C downward, respec-

tively.
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Figure 7. Distribution of sea surface temperatures (a) before and (b) after the drastic increase in CPUE of juvenile
jack mackerel. Water temperature was described by the NOAA/AVHRR. The data were (b) on days with signifi-
cant CPUE increases and (a) recorded 1-9 days earlier. Colored bars show sea surface temperature of centigrade.
The upper imageries (A) show the warm water inflow accompanied by the coastal water temperature rise, and the
lower imageries (B) show the warm water inflow without coastal water temperature rise.
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WHRH, RAHE, Bl B

KRR 21°C DHE L RARDET 5 71 v MROITEK
iz fi L CwniZ edlmEshTnsd (LE- =4,
2004). F72, JMNBEHRZ WZI220024F, 200344 F 12
FRSNZMARICBCTOEEREI46mm DO~ T ¥
HRELE 7 1 2 MRS R KTE OIS K i L Twiz
ZEFHMEINTEBY (K - =48, 2007), HFFERKPE
T, <7 IR 22X TR K &R RS
Bys7uy MEahLIIOALTwAELEEZLNTWVS
(EJE - =4, 2007). AWFFEI2 BT CPUE 288 (2 H K
L7210 DI L 720k i A, BJE - =4 (2004)
DRE L7~ 7 AP O 5 A KR 21°C 2 b & 5
19-23°CTH O, HI#EH m~FRICHED H L 728K
(BEWIBRAE) 2575 N1 2 #h S REME 2 8 - T
WWIHALTWAS X)) ICHZIT6NS (Fig7). Thonl
s, =7 VMR, KR 19-23°CRIROWER, SFICH
KT DT S A KB R T O R & KD 7 a v b
Woahu & LziEsnr s, BAKROmA L & HIFHIEBEL
JEDORRIICKE LD D LR EIN .

FAE W BT 5 H ¥ o CPUE E 2012 4 i 1]
56 kg T A H 2011 SE M D 574 kg - AT DRI TEE) L
TWie, 2095, BT AEBIHEANTITS5L
V2012 4B & 2015 RN BT, BEAR O3 L
FENEN2E A SN /2A%, W4ED CPUEICIER & 2208
B 5Nz (Table2). L7225 T, <7 JHEfAORER
DAEZEFCOWTIEEBKRADTAEI Y L, T EDOMA
BAH), TabBLREASIMAICW: Bk - AFKEAE)S
KEBEEZHZT0WHEEZOND.

WAL 3IHHICE 1w SN, Z0RIE1TH 1IAROH
ATEEREINS (Xieetal,2005) HATMOARK LRI
EoME (W1, 2013) 205, 2009-20154E 5-6 H 12 ifafE
SN~ T VHEMOWILH ZFET L ICHEET D L, 87—
98% A 34 AL L TWwAB Z LR b, —T, 2009-
20154F-3-4 H @ C1IZ BT 2 KD H 31 IZ 13.0-16.4°C
THhY, EINOERFKE FHEAKR LHEESINTVWD
17.1-28.0°C (Takasuka etal., 2008) X DK<, <7 VMM
DOWALTIE S TS E R BN H 5 Z EHARIBENS.
KilEEDOFELIRKELEEL2H -2 5LEZONLEH
B - AFRBAR R RET 57201013, < 7 UM OWLIE
WZOWT L) Pl A S HRLETH 5.
BEKEBDEE & BKDEARE
CPUE O 2 2B S 72 L1 BIOBRAKTBAD D B, 451
DEEKFEATIE, HRIBO 2 KN LA B sz
Motz ZO4BIOBREKTADME AR, R TIE R
<, KEHRIICH 250G EL72%, FTHIBEL
LOBRFBICHAL TS L) ICHRZTONS (Fig. 7).
TR AR O HEA % JIH] 9 2 15 & 5 SRR AR <0 ]
WHRATRIIC X 2 KFREG ORI, BKEEE Tk
W TWBOTIE R L, HIEOBHEZ HE TR &)

WTWABZEDNRENTWAS (R - /MR, 1994; Nagai
and Hibiya, 2012; Nagai and Hibiya, 2013). L 722> T, Z
DAFNE, SRER AW FRATLINIC X 2 KFRA O R
By, ZCRIM RS OEWIZ X o TIX, BEKRDSHIZ OB 7%
PR TE R CMEEZIL L, BRKROZAT R LA
FIERIINGWIEERH LI EZRLTVWELDEEZ
bNb. Thbb, 7 IHMADKER DY 2l
ZENIE, RO KRR 72T TR TE 2w
ARE YL 2 A 1 LG~ AT AR D B$ 5 2 Las
AN L > THD TRBE N,

BH IOV TIE, 2modsto % s =58 H DN
(22-3°C LL E it ki o B (MR, 2002) 2SI S
72 INFTYT VMM OB B O 2 i ZE B
IZoWnWTIE, AW e d o THIN S B ERToaM
oK ERE BN DD Z LRI TS (Rt
2002). L7zH5> T, TOTHIZOWTIE, HERH5IEMH
ENTW2WN L - C, FMBEDILORRERIC~Y T Y
MRl LCPUER LA LD EEZ OGNS, 7272
L, FHEELEICBWTH AWML b %) sk
ADRBO SN 2 0b 59, <7 VHEAL W R
BICER SN oz, BEIOFRAERIIE, FHEELE
DOKBEHETIX, AEMA % O FHIIT50 cm-s™ 2
JE, LPFAFLZDLDOTTI0Oem s Z 2 AL & KB
W54 T 5 (Takeokaetal., 1995). Z OFE#fEIE, 3045~
BEmEST 5 2 k& kil b hkED2 35 % 2
LNTW L REERE (FAR, 1993), ~7 VA TIIARE
LRAEOHENX (RIFH, 1988) #°58.0220cm s &
HERINAEL D KE V. T2, FHIBEEORREIC
BA L 72K 2@ 0L MANDIEIFIC & B il Eii
WHTAZEDBRENTWD (Takeokaetal., 1995). T
LOT EMNDL, RAMOFAINE) L& O RER,
72\ B DAL T TN OARIEIAE S WA & M A~ DB
KOG LY, <7 IHEAITTAISE IR ORI 8 F
HIENTET, MGEPERSIN o/ LHENEINS.
YT IO MREDRERDEE)
< 7 IHERII TR RS, E B IS E T 5 b
FTIE R, REEBICLIESBEoTWAIENER
5N b, FERIZ, 2009-20154F3-6 T, FL 80~ 140 mm
DT TVIIHER EZIZFE CFMEELDALR R T 56 H I
WHEINTBY, T BB IR O T O I3 T
%70 o 72 (Fig. 4). HFHEM9IS, 214 7K 8 74 ) T 2009
20144E5-6 HIZBW i S N7z~ 7 T D9 HFL 140 mm
LUF AR 0-17% & A - 72 (W 1iE 2, 2010, 2011,
2012,2013,2015; HRIEA, 2015). 2D &5, 2009-
20154FICB VT, ~ 7 VHEAUT TR R DRI R0
Feile L7z, 3 Claidbips~ B3, 5-6 H oMM
BOWTIEFH BB UALR R F 721320 fRBICH > Tw»
hnrEZONS.
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—75, BAEIAFICBT B L THR OB TS
X OB SN Twiz (Fig.4). F 72, 2009-
20134F 2B VT, S-6 HICFEAREHRES (FREH) TR
FEIN-E TR E, ERPYEMELLT-12HTO
HimE B 52~ 7 2 LT, FRifEROBME—3 L T
BY, 7-12 HICHI#ECHE S N D LKA FHNED S
ORBEEWTH B WEEEIREN TS (HEE 2015).
56 HIZFMEE DAL R kilE Lo~ 7 UM TH
DI, RIS E 20008 5 VI HEA~NEE T 5 O
PEFRNES X O ORI B 2 YA o7l
RZOGHWNREHEEZ D) 2BV THRO TEELRE
WMTHY, LM BESSGHRLETH 5.

I
KIGTVEERFIZ D b 6§, RERE 22 IRMIHE
T LHSEFE DO 2 IR L L B 5. 7240158
DEoMNT 2GR THS E LI/MNREw L, 7— 5 0%
BT D T 72 SR UL MK BEWE SR ERF 782 >~ & —
IR RIICIR BRI L L 9.
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