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Effects of temperature on growth and recruitment during early life history
of the Japanese sandeel in Ise Bay

Minoru Tomiyama™ and Teruhisa KoMAaTsU?

Growth of Japanese sandeel Ammodytes personatus (23.7-38.4mm body length) collected in Ise Bay, central Japan,
was investigated. The growth trajectories of individual larvae were back-calculated by using the biological intercept
method based on the allometric relationship between otolith radius and body length. Because the inner rings are ob-
scurely visible when examined under a biological microscope, we used a scanning electron microscope to identify
them. The number of inner rings is higher in years of low temperature (Av. 18.5°C) than in years of high temperature
(Av. 16.6°C). To align temperature to a logistic growth curve, we assumed the linear relationship between growth rate

and temperature while keeping the L,

‘max

constant. By doing so, the logistic growth curve provides a more accurate esti-

mation. From the field data, it was analyzed that high temperature resulted in a high growth rate and a low recruit num-

ber.
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Kk, ZRECTh B HIIZE 5> TUE, FHCRE BBIR
FRETH D (Werner, 2002), kL LT EAKRTEL ~NL
THhk 4 BN EL 5 2 5 (Brett, 1979; Kamler, 1992;
Neill et al., 1994). FEBERALTIE, A A FTIZ 120 F
fl~1H MANCEEIR L, GH8% - = mIENIC R S, miis
W CHIA3 A LRI A S HE S A £ % (Funakoshi, 1997;
Tomiyama et al., 2005). HEWED A &+ I Tid, @G
BOKBERFEIZ OO, KEAMERNFIF E R EEND
(FFF, 1986) L DOWMEADH 5 H, WS H A fdH[ A 70
(FRJIl, 1978; Nagoshi and Sano, 1979) & DL H D, f
RERLHARNZIHMIC L OG- A5 2% > Tz, X512,
A EMABFRIZOWTIE, AKEMEONEIZEDMAE
HENZWEOWRE L H D (GRJI, 1978; Nagoshi and
Sano, 1979; A, 1986), AKIIMAB I RIZ & HEE L.
ZTCOATEEMEA IR I N TV, £, XFIZHIT 56
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BOBO AT G OHE AL 2T 5720, BRI
£ 0 1990 4F- LI I @ AR D@ A5 Ly (AFIEH,
2002). ZOPERBOEAKRE, 4 4 T O
TORRRMARRRICHEL G A TH3 RN H 0,
WD T — 2 & TR, KRl X OCMARFEOR G
EEMETTARENRD L. £/, 4 K TIBETFINLHE
MR e LCid, /NSO 5 23 Al 285 A, KB 4 2T
WREL - IR IZZ L BD 2 &b, DM N
TOREKY A DT RS 4 ZHIFEAE L (Funakoshi,
1997), fufafdi Dl L2 IE i 2R O B R T2k 51
TWwWa, L,L, 44 F TOREMRITICIIHREMKE— T
DR EFANTW 7280, REHFEN DD K& %l
Bl 0, T (1~2H) oARIC, E EE LR
B5ZEIBEINTHENS, EENERNTHE > Tn
7=.

—J7, IR, SO HAIZR S NS ki H S
AERH X v (5] 21X Campana and Neilson, 1985; Campana,
2005), HAIZR SN 5HmMHEEL? S FISFHEFIZ DWW T
WA 91 D R R BT 2347 e b 5 & 5 1278 - 72 (Campana,
1990; &%, 1997). A 717 3 & [RED Ammodytes marinus
TR D H M iR XTI D (Wright, 1993), A F
FIOHRAIC WS HER SN TS (LT, 1983;
Tsukamoto et al., 2002). L22L, 4 #FITOHGIE, H¥
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A 1 TOIHAE L DB

SAPEE TP LEBO IR FEAIZL <, SMEH2 5O Hil
TESHRZNZ &2, Hafmktz o RO R E
EIRNTT 5 LCRISE L > T,

AR TIE, MEDOHRELAAKKRTH % 35mm
(Funakoshi, 1997, Tomiyama et al., 2005) £ TORF & EHTY
A E O Ol om0 2 58X b$ 5 2
&T, BAMEBE D AIZ K B R RIEIC O & B

A T -7, X512, KiIITFHEAOREIZHE 2 KT
TZEnE, RERIZKEE/S5 A -2 L L THARA,
READERELEZ BRI EET 72, 72, KEREOM
ABFENDHEIZONT ERHE L 7=,

THEEFE

FayTU T

DHEERIL O A 1 F 3 O 3 A HEPH A3 NP4 2 5 e
B ETHHZE (WA, 191) 25EICANh, HA
FEELEERE (LUTHRE) OBROMBHIIO 70121,
MNBEVEEE, — AR KOPHEE» SRS Y T &G s

N

=
-
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130°E
T

B 98L
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E L MAGIRERAND KR
&L, 1996 FDOWHHPICTHEAEICKLOREL 2.
BAINERIE, SNV ES A 5 2 H 20 HISER-EE X 7= 401
Ak, DHGEH» S 2 H21 H~3 H 26 HIZERE 7z 8ok,
=B S 2H20H~3 H 15 HIZERE 72 80k T H
5. F72, K0/ HOA HFTIZOoNWT, HLEREKE
DOBRAENTT 2728, FFAIZDOWTIZ19984F-2 H 5~6 H
MBS TE LRy Iy PIETEEL 29
v (KK 83~21.0mm; 24 k) A/, Kv T
Fow MEEAFE60em, MHA0335mm, WL 5 KE
ECOMEFPINEETo72. &6, KXy M5k
L, WRELAOMUEMOEAL? S IFKIFHLTLE 5K
RH#HO A > T2FKET B 72002, Fil (2002) 12k 3
3 ) AHEfR R o P AW T 19984 1 H 28 HIZHHEE
BT REARML CIREL Y Y T ((RE83~
23.2mm; 30MER) ML 72, HAEReAROBERMR
MrHZHI 724 2 TV OREB T % Fig. 1lalZnd .
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Figure 1.

Maps of the study area and the sampling positions. Sampling locations of larvae for analyzing relationship

between the maximum otolith radius and body length are shown in map (a). Sampling locations of larvae for back-

calculating the body length are shown in map (b).

A, B, C and D indicate the sampling locations of larvae for

otolith daily ring analysis described in Table 1. The closed circles indicate the conductivity, temperature and den-

sity (CTD) survey stations.
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Table 1. Sampling date, location, number and body length of

specimens
Date Area N Body length (mm)
3 Mar. 1996 A 11 31.2-34.5
26 Mar. 1996 B 9 23.7-26.9
6 Mar. 1997 C 23 27.0-36.6
22 Feb. 1998 D 22 29.6-38.4

BRELZ, 7, SRESETIZ3EL & T 5 5
JEER (Tomiyama ef al., 2005) & U7z, HAfmfEigdic i
ZeH TV ORER, WIGAE, Wk, AR#EIHE
Table 1% & U°Fig. 1bI1Z/R T,

ERNE s K OEsETR
WHEYNZOWTIZ, FHIE L T90% 7L I — )L TIRF#,
fAREL 01 mmbEE CHIE L=, 199643 A 26 HEFEED 9

RO B, BHREEA» 5 HREZRH LA=DT, 49
F T HH D Ammodytes marinus TH W S 11T 5 90% 7 )b
I — L REARNOIEESE (0.9; Wright, 1993) Z5EH L €
FIE L7z, 10% F <) v & 90% 7L 3 — )L BEA ] ¢
IR IE I L B 200y (Theilacker, 1980) & X CTH D,
BIBETOA H - TAFHEREEA T, 10% KL~ v £k
90% 7L 32 — LIEEEATHRREAMFEL TH50DT, @Bk
DRFT — 2 LIS 2 72912, PUF Ol 3% O
HOEETER L., A FTOHAIZ, FEKBEMSE T
WEAERE L, L85 — b FICEHA L, #HAFNT,
NPaEFU154 CREDSL—Z - Xbu - Fax s Vit
) ZFEHL -

H MG T, BHAD LRI OEHAARHIR L 75 5
728, 1996 FFERE D 20 A, 1998 FF-FRE D 22 {AIZ D

T, e pBME e L 7= B AfdeE (7 b v 248,

ARP/W Version3.20) 12 & D sk 2 5 - Sl L 2212102,
EBAE TREMEE THE S Mg 2 & D L Ol & &t
¥o-FHIL, Fl—4 Y FLTF— 2 2 BA L7, EHAE
TEAMER O ERBIE L, W L CRKIIER, 79 ¢
YT 4, TS FREEE G, HOasHEAAlEL L
LICWIEEL, 0SNODIERCcCHARTI ATy F 2V 7%, A
FHEAEL, EEMNEFHEMSE (b7 32 VB ABT-SS) %
FIOTC, 2RSSR HIB AAREE 2 B A7 vl %
10005 CEHE L2, g L2EHIE, 2F v+ -1
KOHE$ET 74L& UTHD AR, HAfdiE (A L)
2k, WA - G 2. BAEROWEENS, &
Bl e U7, &k, 1997FFESITONTE, M
TR TR AT BE 2 HEPH T O REf O - FHlA 1T 5 72
FRETE

D HREMICSOWTIREHEER 2 SMFEE T b (K
% FAME). Tsukamoto er al., (2002) 12y, SILHIZER

W 32, /MEHEA

A TR TSI N2 1mAER S5 &E L
7. BB, AEMOEEETISIE, SMEEEOREA L
TWT, RELHARKEREDBBAERLTE 25H
|2 3% FH ] B¢ 75 Biological intercept #:(Campana, 1990)% Ff\»
7z, GEEAIE TSI X B BIE AT 5 721996, 1998 4F-
IZDOWTIESMEH 2 S RRIETT AT > 72, P SMEC &k
BEERD AR AT 5 72199712 DWW, 2R TBl
EATHEZL S L (LM-1) K D Nl &2 HEE L 72, %
DR, piaes Che Rl Ficrhn s, s EkE s
WISEERT 220, D THEGR T & &< 78 % & Tl hiE
EHEAL , wENMD & D% LM-1 & B L7z, HERG
1, 19964F, 1998 4FICFRME S, EERIE T WM T/l
LRSS, dibh & OlighcEE & ko B R 4
$T5Z LT, LM-1 & O NRIOERE A HERIT 5 & 05 F
EZE 7. X512, 4 HF T TIESELHIZE T AR
ORFEZEIZ/N X (IIH, 1998) Z & A& ZEIZAN, (HEs
BREA HF TIZOWTOMAREL S, i Tdh 5 S
REEAA - (U (1997) 124D 3.72mm 2, SMLREE Y
13 Tsukamoto ef al., (2002) 12L& D 8.67um & U7z, HE&HAR
SAPHBEBIEE & E MBS CORRIEITE A — 3 5 72
WUz, RREICOBAITIGED Z vz, /ST 4 -840
HEEIZIE, JMP Ver.5.1 (SAS institute, 2004) % vy, JEfpAY
RN EIZ KO RD 7,
KBIEREHAAAFERERXOEY
HEFD R 13— SIS <, 2 OB U2 S
TIRARIEL, RESEDEEKTT5720, KEih#ES
FRAE RS Z LR TH 5 (Bartsch, 2002; Jones, 2002).
Z 27T, SMUH» b O REEAEAMET 5%, R
ELTE, ZLOMBORELRBU VSN TS SFA
EHIHRE DO —D T b % Logistic X\ & FV 7z, Logistic i3 —
MU kDEH>izkshb,

BL=L__ /(1+exp(—rt+c)) (D

max’

7272 L, BLIZKRE, L 3R AKRE, riddkERE, tik
SMEBHE, 38532 —2Th 5,
REZARBTH 2 Kz EERITHAANSERIZIE,
Bartsch (2002) D JEIZHE L, Logistic D L, % (KR i
il UCTHEEL, RERKAREORKE L, /35 2 —
A OHEFEIZIE, IMP Ver.5.1 (SAS institute, 2004) % vy, JE
BN ERIZ K DRk 72,

MABRENDHEH

FHI, “HEOIBERIFRTH 2 HEBOA HF TD 1995
A1 ~2000 ST O MABIFREOMEIZLE - &1l (2001)
2, 2001 R 12O W TIRE—EIC X D KFH X T
BIMU 72, FHEOMR 2 DU FICidd. &9, hilEm#EEc
KO ERIE, ZEERHFAREE R L, KIS 4
O HfsE R A YR E TR U, B B B R R oE ok
W7-t%, Al LT HBAGRERE AR L. Th
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R AR O i Bl L CCPUE (B #/H) %5
H U 7=, —f%{t Delury ¥ (Phiri ef al., 1999) %M L Tl
AR R E KD 72,

KR

A 5 F PO AL AREILS~10m (FH, 1984; HF
EIEA, 2000) TH D Z & &=HFEL, FHEMICITAEIOmM
FEDAKEE A 7 TFHEROAEQIOREME L, F72,
BT L 724 H F TP G & TRISHEE
IZI5< 34§ % (Tomiyama et al., 2005) Z &2 5, KW
IZIZPHEE IR O KR A 4 1 TFREFR O B0
FEE L7z, ZLTC, 1994412 H _L4)~20014-3 H ) &
T, FHIE UCEE12 H2 5 3 HORM, Wfic, DHEyEn
10 5 (Fig. 1a) T, CTD (Neil Brown#, Modell150 Mark3B)
XD AKERENEL, 10mBO Y KREER L, 7272
L, 20014F-1 A FANIERRD 720 KM L 72728, 199547
520004 £, 1A LA 5 1 AhA o ToKiEDF-
YAt % Hvy, 2001 4F- 1 H WA o K2 & ffise L TR
7. KiREMABRFROBIZETILT, ORI
REMAGFREOLZEHICHG LT 1 EFANRS 72012,
BRETLEICE T 2 ET LR AT - 720, Hidke LT
Z, IMERDAITISNT + =2 v 28K (¥, 2004)
& &5 c-AIC (finite correction of AIC) % FH 7z, c-AIC D
FHICIE, Kyplot4 (Kyence, HAt) % FHW 7=,

R

A& (BL) E ER¥X (OR) £ DE®RH LUHLEI O
BOEHA
HAFEEREORRE & BT FIHMSBRSR 21T - 72
19964, 19984F L giz7ux b)) — X TEPLAEZ A
LI ORIz - 72 (Fig. 2).

BL=2.850R%** (1996)
BL=1.430R%* (1998)

[l —D B A % Jed S TS L7212 T, EAAE 7l
M TBIER TS L, LM-1ONMNCIE X & ISl 2 Bigg &
N7z (Fig. 3). Z OHmfid, 1996 4F-13 12~25 (Av,; 18.5,
SD; 3.32), 19984F-i%13~21 (Av;; 16.6, SD; 2.42) £ 1), Z
D2FETHBEENRD Sz (% D5 E FIV 72 tRUE;
p<0.1). 7z, IM-1DFfHfEFEEDE T2 &, NN ER
HUTE 7 PHAEE TS S N B i (Nr) 131996 4, 1998 £F-
FHEDTF -2 % Hb¥T

Nr=21.32In(D)—52.13 )

THK N/ (Fig. 4).
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Figure 2. Allometric relationship between the maximum otolith
radius (OR) and body length (BL) in 1996 (top) and 1998
(bottom). BL is measured as standard length.

BHBERE L2, RIZ3EFEHOT -2 5L, KK
EEHIREI, ) RISk ThR Lz &
Z A RAUT,

BL=45.15/(1+exp(—0.06315t+2.439)) 3)

L7z,

RIZ 1996, 1997, 1998 FF-DHKAFIZDONT, X (1) DL, &
451Z8%7E LT, Logistic 2 IR i/ L TIPIL 72
RER EEHE TART (Fig 5). KESEWTT A 5 1996,
1997, 1998 4E-DEIZ B R fR B rid Kk & < % > T 7z (Table
2). 22T, r&cDRRI,

c=8.279r+1.925 (R2=0.87) 4)

LEHS,
JKIZ, 1996, 1997, 19984ED 1, 2 HD 10 m k- F KR % T
& L7REE, KR AR A Z R ERE (T) i,

r(T)=0.006033T+0.008689 (R2=0.97) 5)
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Figure 3. Photographs of sagittal otolith of juvenile sandeel.
Both photographs are of the same specimen (body length
(BL): 31.5mm). (a) Light micrograph, and (b) scanning elec-
tron microscopy (SEM) photograph, LM-1: first countable in-
crement observed by light micrograph.
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Figure 4. Relationship between the number of inner rings (Nr)
of LM-1 observed by SEM and the distance (D) from the
core to LM-1.
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Figure 5. Back-calculated body length and the fitted growth
curve in 1996 (top), 1997 (middle) and 1998 (bottom). The
closed circles indicate the back-calculated body length mea-
sured by the biological intercept method (Campana,1990).
Solid lines indicate the lines fitted to the logistic model.

Table 2. Fitted parameters of L, fixed (L,,,=45) logistic

max

model.

Year T T [¢ N R?

1996 8.62 0.05967 2.431 20 0.97
1997 9.26 0.06604 2.447 23 0.95
1998 10.67 0.07258 2.537 22 0.98

BL=45/(1+exp(—rt+c))
T shows the average water temperature during January and Feb-
ruary.

ERED, ), REL,, FASITERELZ (1) XA T
5¢&

BL=45/(1+exp((0.006033T +0.008689)(8.279—t)+1.925))
(6)
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A J1F TOMAIE L OBE & MAGIRENOKIR O

L, RRICXIRENICKREMARSZ LB TE
3.

72720, tid MU HETH B.

22T, KEEHAAE EOVKRER 3) EAETES
N1, 2 AOKET — 4 #lARAZERERX 6) D2O0D
EFILOWAE % | 1996, 1997, 1998 F-DIETTIKE T — &
IZDOWTHIR L7z, BT LB IL, eEEa Y (ks
SEHL AHIE) & B TRl L 72 (Table 3). T DR,
3R KT — & BRLAIA A 725 BRSS9 3 ik
L7z, ZOZEM5, KREMMAAZREE W72
2, ETHOREERA LTS5 ZEnHE»ITE 57,
KiE EMAERE DR

A 7 F IO & RE 35 mmiith (REEY 4 ) 12
H7zb1~2HIZOWTHS L, 1 HIZAKRK THIZH 720,
W ARESE NN E W, T, 2 HIZFERRACAKE 2 5
FRANCH 220, FEEENKZ W (Fig. 6). 1~2 ADOMT
J, 1996 FEA /AKX, 1998 R AR L, D 5HFEIEZ D

Table 3. Comparison of the non-temperature-mediated model
(NTM model) and the temperature-mediated model (TM
model) with mean square error.

Year Non-temperature Temperature
mediated model mediated model

1996 2.30 1.93

1997 3.47 2.74

1998 5.24 1.75

MTEBL T/,

Kt (T) OMAEER (N) 125 %2 2508454 5 720
2, BB AT S 72, KRR H Ea s 2HF
mETOehIE, 1H3IMDOYY, 2 H3MO¥Y, 1~2H6
AOF-HED 98E D Tk &4y, HEET LMK %€
T AT 5728 25, c-AICOMED RN 5727289
(Table 4), 1 A 3D KREREFMEE L7z, ZORBER,
1 A5 (T) EIABRENOMIZIE, ADHEBENR
5372 Fig. 7, p<0.001). F 72, MAEEE % 1996, 1997,
1998 D 3 TR T 5 &, EMRE (Table 2D 1) HMix
IND 199642 i % T 33218, BRREA e KD 1998 4F-
MNNT5LEERE, PRIO1997FE 2 152EE L, TMABK
EHRLOIEERERBAVNE o 7z,

Table 4. Fitted parameters of linear model (N=A1+A2XT)
and c-AIC values.

Period Al A2 c-AIC
E-January 1470 —116.9 84.56
M-January 1649 —142.0 87.62
L-January 1539 —141.2 88.02
E-February 1147 —107.7 91.79
M-February 947 —86.0 93.30
L-February 880 —80.6 94.86
Av-January 1722 —148.8 81.71
Av-February 1032 —95.9 93.13
Av-Jan.—Feb. 1416 —128.1 88.95

NTM model: fitting to BL=45.15/(1+exp(—0.06315t+2.439))
TM model: fitting to BL=45/(1+exp((—0.006033T+
0.008689)(8.279 — t)+1.925))
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——2000-2001

Water temperature(°C)
~

Figure 6. Seasonal variation in the water temperature in Ise Bay
between December to March. The water temperature repre-
sents the average value in 10 stations with a depth of 10 m.

T shows the average water temperature at 10 m depth in Ise Bay
at every ten days of month during January and February. N
shows the number of recruits. Al and A2 show parameters.
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Figure 7. Relationship between the average water temperature
at 10 m depth in January in Ise Bay (T) and the number of re-
cruited sandeel (N) estimated by the generalized Delury
method (Phiri ez al., 1999).
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Table 5. Daily growth rate (mm/day) by the linear regression
model and the fitted duration.

Growth rate Fitted duration

Year

(mm/day) (days)
1996 0.68 30-58
1997 0.72 30-57
1998 0.85 26-55
A
BFEMEIC L 2 FA@mMOBFIT

LRI TIE, HFEBAMBI & > TR R 7T
HA%ahl D 5 1 5w WO AR I21E, AR 1 BAM
Ik, X512 12~25HOEMABIER 7z (Fig. 3).
2T KD, FFEMETBER ORI, Ei AP I
TEE o7z, POEHEDEREE X (2) & AV TiE
FTHZENTEDB LD Do, EHAE FRAME & W
Te RN, BOROIERIZ 2 K a T EE L, £ < Off
AR A RQUEES 5 Z & AT, Hdia 7 — 2 QU230 L
Ty, LaLl, SHOMET, RPimeEio A% o
7= HAtmidBlsR O 7 — 4 0 6 S YIHIIN B O R E S H
AHEET B FHELMELL0T, S55%1E, IIEIRINE O
ERSMUA L EBRRORGRE L, 5% ThREIMENR T
BN AREIZ 5 5 72, A H F TFRE OO FOE
LT ANHETH 5 Z 13, ILF (1983), Tsuka-
moto ef al., (2002) IZK > TEMRE SN TH D, [FIELIENE
(Ammodytes marinus) O H A7 % 2 HMEIZ K D BZ L 72
Wright (1993) &, YN IRINEEZ 9] THIBE A il A A % &
HEER LT 5. A - DRI AR L ar s | B
5Z MM 6 N THE D (Yamashita and Aoyama, 1986;
Wright, 1993), Z QAR IZHARE 2B H A w2 &
2 B ERCSIAHIRIC 22 B L HEE S h B, KISH IO KRB
BN TOLM-1 & 0 NI & (L (1998) 12 & 5 fHE
FERIZ K AUNEWINE TOH KA EL TAS. LA
(1998) DFAHFEETIE, SHMEE30HZ THRE 113 mmImK
BL TR, SRIOEE L k% vl gE &3 5 72 12U
#0.9 THiIE (Wright, 1993) §% & 102mm& & 5. Zhik
SHEOFRD > 5, FHFEITEHL - 72 199740 30 H 4712
B AEILHRE (Fig 5, i D F15.6mm) KD 274D
BREAEL ) (U (1998) O ERHERBE IS AN ZE TO 141
BRIRBETXDE» S EHEEINS. LM-1XDH
D AATITE 7S T L2 HIHI T % 20Ol o e Al
1, 199644512, 1998 4F- 4313 &, 1 (1998) D &iE &M
TTOWEBINE TOHK (13H) &IFF—HL-ZL
25 e, ISR LM-1 X 0 AHIO B TER X
Z e IS, X512, LM-1 & ) Wl fakickid
1998 A L R1996SED M Z 7 o 7o by, PHEAEEA # F

FE, PMEHEA

O % V- B E R T, BEGETX & O RGEX CUIE IR
O T HIR 23 (U, 1998) Z &AvREh T3 (1l
H, 1998). ZhoDZEn6, 1996F121% 1998 - & K
RTI v bz liBEdns, 2k, hor
5 LM-1 & TOHRERHiE s, #IHADR BRI O R &
BAAREMARIEL T3, 7277, BHIBA D RN &hn
5, 77 v o b vEERR (PH, 2001) & A,
SHREGIIHEITT 2N D S,
KEFPRREEMABRREICESZ5FE

KIFZE T, 4 77 TOMAZHREAKEIZEARF @D
fEi15] 2SI T & > 72 2% (Fig. 7), @I OAFHESF D B R R
OIS ARRAEIZE 2 5 72 (Table 2). ZXZEOPEGETIE, K
MRAMBNZE E A B TAFHER D TR T B B Acartia omorii
X Paracalanus sp. DEAT RN BN L2 56 (hH, 2001),
(AR AT 0D i 30 7 BB BREE A3 W I A B IR RLIZ D e 23 5 72
ZenEZL6ND. —J, FHIhORRRHRORREZ A
5, MIABIEEAD 5 W IZR R 20 T & 2SS
EhTwb (R, 1978; Nagoshi and Sano, 1979; fiif,
1986). ZDOZ N5, EAKRE VIO EKRRITM N
A, ZTE S IO W TR EHAEYN S 5 55 235
Eh, BOREHESE SR EZ 6h 5. Pk
BIZB T 2RO ERE IS L TE, v 1 7 Ykf
IZBWTHEERIRNME T E (A8, 1996). L
U, PHEAEREA H F TRFIZ B T 5 &K - E kR -
IMA B EEARUEDBIR A KT 2 4 7 =X LI2DOWTE,
Sk, REB K OBRELMFICB 2 (1R lh & O FE
HHRETH S,

INET, 47 FTFROREE, BERNIZH 2FEE D
REZ TIENE R TEML, ZhlHiE—XX TPl
LTz (g, 1988). SO R (Fig. 5) 1281 C
&, SMEEHBERREOBRIE, KRE15~35mmDE T
FIFEAR TR RS . B Ak 50 HRliEekE T —
s EENE L, HRESRE 2T &, 1996413
0.66 mm/day, 1997 4F-13 0.72 mm/day, 1998 4F-13 0.85 mm/day
& 78 57z (Table 5). ZHUF1957~1977 - £ TOHIEW H 5
KD 72 ESEE, 0.21~0.97 DEFH RN, 1978) 1A%,
1976~1985 4F- D YW h 5 K b 72 B K % 13 0.78~1.07
(GH, 1986) &, SHIOKER KD 2R ik D 4F
LHRENTNBH, 1978~19824F-1F, SHFIZ K SAA I
(Funakoshi, 1997; Tomiyama et al., 2005) T& 0 , K& FEK
T h 5727280, WROBEE R LK D B RS
225> 7= ATREVED b B
SKBILICED LI AT TREANDEE
SO THS Mk 572k 512 (Fig. 7), £ #F 3T T
b 1~2 » Ao EARILIZ X D, AR A
THRZENHONIZE 72, X612, BAKELET2E, &
LHDAFRORENT <, SMbp & ML £ Co B »
HiaEhaZebnh, MEOE=2Y v 7FHEDRH]
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(Filr, 2004) ORMELANEE kD, F72, MEREER
DREHEORINE, WM LEomEE 20, ML
FNDWENKREL 85, ZOKIZ, 47+ TFRHOE
AWK, A HF TUEEIC & > THEBEL RITT I L2
wmahz,

i

RUFRAETIITY 20, BEARRELZEILY, 2{DT
fh 1 & e 2 e S EH BRI & — KR
B, I H ARSI L 9. S IERNE T
TSR D BEARIERIZ Y 720, WF NI OKBERFZERT, $%4
Mg R () BALX - 22— - =2, sgEEEN%
BICKZEBMEIC AR LT, 72, £<OEFELY)
RV 2O BRI KBRS, SR, AR
HEtE L Fo kO = EHIRRP R IR v 2 — KBEEWFZEER, A
PE AT BICREH L 3. &l KWFZRik, KET
TrbHE [ 7 LRBEERE] ORETH D,
2D —#id, HRRFHEET 2 L RIFZE (FRIN0.30
SRS B & URINNo.25 SER174EE) & LTiThH
ni-.
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