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F1E #E

7 A7 = Pseudocentrotus depressus (A. Agassiz)
i, Arv=BAARTry=ficE L, AN
Jeswns BN E R, BMEICSH L, B>
HAKIESOmE THm LTS (EH 1986),

U= h ORI, EARC K HIRE, HiRic X
LM, oKX AR S, BBk o
THRBANRDBERP R E L BApoTNND, 72
NTH, ZKEDPEEPWE ARSI CIE, FEDIC
L DMER I TH D (P - Fak 1962; FRE
& 2008),

M - BIEEFEFR (BWOKEEERE R
fEHET 1960~2008) (2L 5 &, DAREDO Y =3FAE
PER (RRITHE) 13, 1969 £ 27,500 FTiEL
TLERDERICH YD, 1990 FEUT A>T BIX
15,000 k> % TEIZKEEYET L, 2000 FRH
DEMDHEE, BoEOAEREITEE O 12 LIF
LR L TS, RIGRO 7 —JHDAERER Y, 1977
D 4,592 b w2 EEICBMER DX, 2000 4
LIREIL 900 b ARBEDIERAIKEETHERE LT, KF
PR O v = AERIIHEIEE L TN D DIkt
L, IR L OREERRKILEE—8 L TR
DL, BEOFHRIEEL WA EEZLNLTY
D (FEHE D 2008), a3k < RIEEAEERHERT
Y ORI, —fEL RS hTns,
SH (1995) BEEDOEFEFRICT v r— b
KB UTRER, 70 v =oEWfaERiL 600
T, tMOBKRY = (LT VX U=, "TT
=) DIRINTIE, B2, AR EE 9em LA
FieEL, AL LTRELEMICES SN T
Wb, FIT, WEEOT U =OHEFEICIT D
BN KX <, 2006421310 BT 3,267 AL,
0 H HLEIFRT 1,307 TREEOREE BT 172
bhTnd (KET - KEREHEE ¥ —
2008),

AREOARRIZ OV T, 5 I RIEHR O AR,
'Y, HEITE), TGRS 1995 55 -
FH: 1986, 1994; AFH5 1996), L0 RHAHE DR
B, B, THBRE (A Fok 1962; AH

1989; FAH > 1978, 1992, 1993), &M EMEHR DR
B, BB, THERE (N5 1984; N5 - LA
1984, 1985), B BHHERORE, BB (BF O 1999),
— BB OB L RIROAEFEEY (Unuma et al.
1996) EOWERH D, AEOGFE L HIFIH
L, BEETO L CARSERFEEICBET 54
FUITEETH LN, RRIFIMERICIST 2 A D4
BEAG%N BT AR,

= ZCARIE T, £ PRITIERE L (R
2004) Toh 5 HME & HOT-FEREEEORR &
1To7z (B2 R - BX 2008), YFREL ¢
D HEFEM A TR E TR KV ZhERATCIEAR
VERISCEIZR - HIE ARSI TX, AT O A
Wiz, BRASHIKIZEBITAE (B3E) BLW
R BRI DR (B4, R - ZX 2009)
DEYERIN R A IET 5 & & BICRNEZERR)
FAA~DOT A — N L AR 5 b o sEER
H (ESE) LD TH U =OREEREROERE &
BIRFENT (B 6 %) ATV, BRI, AR TH
LI RAE E &8, ANEEROBNFIAFE
WZDOWTORET (B 78E) Z1To7,

F2¥ OBPERICKSFEREE

v =HEADAEME T, REORES D HE
HiHARR & HEE 3 D RREEHARRTE (Fuji 1963, 1967; F1:
1 1969; 53 1995) AT SN 5 R
#(IF 1966, 1967, 1973; Jensen 1969; £ H
1989; E3E 1994, 1997; H4k5 2006) 23FIH I
TW3, LaL, ROV TIL, EfEETo
EMRSEER YT LB RS TIERL, BEILONT
i, EFERRDSRHR L9 K, F MR IR A B
THEVWIRENRSHD, —H, B (1972) 1T~
NI =DOIHLNDERRPIERTH D
FREMEZ RIB L, T8, =Y N\T7 =% H A
FH % U = CIER P REEICIER S D ke F
A LT EREEESBER S TE 2 (BB 2000,
2004; #FEF 5 2004),

FITC, RETIE, EEBIROESRTLE LT
HEAL T2 OBTEE (i 2004) OEMHF
BELTOREMMEEZH LT Lz,
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mHEFE

HHOBRE &R

FERSER BOFEREIZBUVT, 2003 45 A
~2004 43 BicEA 1 EIHRE LT 38~79
mm (E# 53.9+7.4 mm) D 484 JAIE L, 2006 42
BITHELE U778 43~68 mm (FH 53.1£6.0 mm)
D 60 fEfEZ V= (Table 2-1), FELT-T H U =
¥, EREBICRHDIFD, M REEZAIELED
&, Brty hcaSsnbPRIEE SEREL
(Fig. 2-1-a), {EMRERRINCE BT AT THEIR
PRTE U 72,2006 48 2 B ITHE L= BRI DTS,
B> DAEFENRZ N O L, BRI T&
5 E = ARIZ AN CHIBMRF LT,
Table 2-1. Sampling date and number of specimens

collected from the research area, Hirado Island, from
2003 to 2006

—Year  Date No_of mdmdLmL_Bmu_tﬁuumL(mml.
2003  May 15 39-70
June 17 45 40-67
July 18 33 43-72
Aug 11 50 42-74
Sept. 9 42 43-67
Oct, 8 49 42-72
Nov. 17 46 40-76
Dec. 24 50 42-69
2004  Jan. 26 44 38-67
Feb, 12 58 39-79
Mar. 14 38 42-68
2006 Feb 14 60 43-68
Total 544 38-79

PRES & VCEREIRONES % ERE
FRIEBIEA Yy 7LV — I (Bamnstead
International #:#54, HP-A1914B) % F\ CEX &R
BE - BEEOMBMLER U7z, 72k, MBI RAEA
Rz, X774 N7 I AOHRREIZE~TITN
(Fig. 2-1-b), INEKLEEE (Fig. 2-1-¢) IZIFATA F
7 IANERICEDETHEL, HHAK] (KEE
8, ~v NI A v 7)) THREBEZEELE
(Fig. 2-1-d), FEEOBEL, BHBHADENSH
PEHIET A, XL URRETRT Ly v —
VICHBEEZBEELEATIA R REZRL
(Fig. 2-1-e), T X N~vA 7 rXa—7 (Keyence
8L VH-6300) A FVWTEIZE L7- (Fig. 2-1-D,
AEFTERRIZ DUV TS, Jensen (1969) D HEIZHELT
7oA (1973) OFHEI > TR LT,
R O MBS i E DR E

e LT
( LI

Fig. 2-1. Routine works to make age determination by
rotula of red sea urchin. a: extracting rotula. b:setting the
rotula on the glass slide. c: heating rotula on the hot plate.
d:coating the heated rotula with cmbedding material. c:
immersing the slide glass with rotula in Xylene solution.
f: observation of heated rotula with digital microscope.

2006 £E 2 BIZEEE LT 60 [EIRD 5 5, 7% 49
~60 mm () 54.8£5.0 mm) @ 15 f@{EZ BV Iz,
H R B BB R ERAC S BN HIREE L IR AFRR D
7z, 3 BRBEOMEBRIEEE (100,200,350°C) & 4 B
BB AUERRERA(L, 10, 60, 180 43)DE 12 DX %

RE LT, 1AEREICHL, SEMEEHERL,
1S LTz 5 EOHRIED 5 B 4 @ic-ou
T, By N7 b— FEHWTENLEN 4 BREOAL
PRERRSChREA T2,

O R &% TR & REANR) o 2B
BRI, BFERXSEMED S H, $ITHIET
HIUIR, 1EERCTHRERPHIUIRTE LT
BB EIRE LTz,

BB AR S & UhEE & EREIROSHBED
(54 34

20034E 5 A ~20044F 3 AITHREE LT 484 (EI{E %
AT, HEEOBELTo7, PHBELBX
O r ORIEZ RS MIZITo 7 (Fig
2-2) MPEHEHE\ 3 ~ 4 BRfBEIC OWTEH 15
~33 fEfR (¥ 290 ) OFHIEZAWVT, L
TOXPLBOFEER (MG =HHL, ZOf%
BB BRI A HEE LT,
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MGI = (L—r,) /(. —71)
L : HfEEE (mm)
r, : BE nigOfdE (mm),

ooy IHEE n-1 BROTRHLE (mm)
2006 £ 2 BIZELE LT~ 60 {E{&Z BT, B[E
B & AFERICTORE SN TR (B @) $ox ik
L7,

Fig. 2-2. Rotula of red sea urchin (52 mm in test diameter).
L: rotula length, r1-73: the first to third ring length.
Scale bar indicates 1 mm.

BREEDER & PEE S & CEREIRO RS
D LB

MR ERE Ui, 7Y e ar
VYU ET NIV A 0 ) RRER R A DR
7o PV EIERIC L 0 IR OREE SRR T 1 ¥
=D NIHlE 2R LT 5 728, 2006 4E 2 A
BE LT 0 =0 5 HIERIZ L U e e
TEI2 TEMIZOWT, HREEROHE & T RE
IS K OVEFEMR DR & ek Uiz,

w R

INEINER DR & B

HRAL D AIHRAL D 7 8O OHNEMAERIRFE & R RE
+ ARG R % Table 2-2 (2R LTz, B DFHA &
0T L 7= AUERIELEE 13 350°C, ALERA%RIT 10~180
R TH Tz, WUV & R o+ % &
PREO_EAERRORRETICEEY, £OIMAC
FRIE ORIR & FRIFIC B Gl & BEEA AT AL
I TNDZ Loz, Fiz, B
W CHEFOREPEA LT WD, L%

WCHERORE (EEBA) ZEHETSZ L
T, B OFHAE D BEBI T,

BRSO R

MGI %, 7 HICEXEZRLEZE, 11 AETR
RMEN LIV CE#R LT, £0%, 12 A5 18
N CANEL Y, 1 ABR/MEER LT, &
D%, 7HETHRXIZKE L 72o72 (Fig. 2-3),

Table 2-2. Evaluation of the results of marking with
various heating time and heat temperature

Heating Heatingtime(min)
temperature(°C) I 10 60 180
200 b x X X
300 X X X X
350 X O O O

QO clearmarks, X: ho marks.

08 T

ZZH.

0
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Fig. 2-3. Monthly change in marginal growth of rotula in
individuals having 3-4 dark rings (May 2003-March
2004). Circles and vertical bars indicate mean and
standard deviation, respectively.

PR E OB & ETEROBRBEO L

R & AR ORmAE A BT D &, BPEF 60
TEEDR 25 R T—B LT, FRIEOliRkdn £
FEAR DEREER L D 1 EZV O 17 EiF, 2EZ0
OIE 15 A, 3EZV DX 3@EET, TRIE O
TS AETEAR OB X 0 D7y MERI X))o T
(Table 2-3),
BRBOER L DHBORBEE L UEERD
ERAU D LB

HRTEIERIC L BOREZ e LR, 618
(R 2002 FEIERRE (2001 4510 H\ZFlS AR S h,
4%, 1A 2003 EHFEE (2002 4 10
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AICHESAESN, B3 Thol, Mk
EAROFH & FEEOIRSETIE, |27 /4T
Bz, &£z, HEROEmEETIE, 4@ETE
Bl —B U7, 2 EECARERD LED2<,
1B CARER DS 2 8D 72> T,

Table 2-3. Comparison of black zone counts
between genital plate and rotula of red sea urchin

No.in No.in rotula

genital plate 2 3 4 5 6 7 8 9

2 1 1

3 3 5 1 2

4 7 4 8

5 3 4 2

6 9 3 3 1

7 3

E B

AEBIZBWT, 7Th U= 5 FREE O

FOOFEI L VIZIE, 350°C T 10~180 43 D NBILFER
WEHTHD Z L30Tz, 20X 12 AD D
1 ADE 1 EFAR SN TS Z &S0 U -0k
BEOFER LR B L= Z &0 D, FipE
& LCORMENHA LN,

TAUTH LT, TRETYEHOEMIPE L L
TRWOLITE T AFEROWIERIL, BBR L X
INHEE OERBEL L D 1~ 34D MEFCH
BIEEMC LV E LRI D b 1~ 2447
VMBEEZSEERD Bz, TORRE LT, BREN
BVMER T, Wi OBEIRN &b, AFE

WCOFHHE O PRETH -T2 LRBEZBND,

T H T = OEFENRE VI EREE T, FElE
N9 5 FIRE D R S Tz, E72, ITFET
INRT =X H LT IR =TI ST
% OERH IR S L D linka R U 7 R fiinds
EECITBREN R 5, £12, EFILLTHT
XU =T 500°CLLEDINEVLBIZ X 28 E
FERBLTEBY, v=0fHIC XV ORRE) R
BRHTEMEZ LD,
ERIRS & UhEBIC & S ERERE
AEFEARES K ORI E I L DR E R A
He, EY, AR LT, 1B
LA UMERICE 72, i, ARERIE, KR

BHEATH Z L OEENS—ERT, E5NIInEn
HLBEBIOHEETOMNERH D, SDIT,
éﬁm_owfi DDA IR ETE D T
WIZ, WEWE FOF TWAT HLENRD S,

—ﬁ,¢%%ﬁ@<Mﬁbm<< 1#ARHZ 5 1E
OHFREENRH DT, SERRM RO KB IR0,
F, MBERZR y h L — hEFHAT 570
HETH—EOEDINZ b — R IELER ) FTHE
Thbd, IO, FREBIIATA N7 T ADFHR
WCHITER A 2 TIN5 2 & ¢, —EEIZREDOMN
BB L ESTERIZITA D L, AFERO
HRICERE SIS ASRICEENL T2, [NERN
K THD,

ZDEHIZ, PREEICLDERETETIE, B
ﬂ@,ﬂﬁ,wm,%ﬁﬁ%,mﬁ%%ﬁﬁmﬁ
WTAY w RBREV,

F3E B Ok

EABEDOFE & AURICEET 280 50, Bl &
FOENRELBMET D L TEETH Y, EIROBM
RFEHROBIRITIT R AT R 22 BRI R & 72 5,
U =FHOER L REICBE L TL, WL onoEs
(Fuji 1963, 1967; # L& 1969; 43 1995; Moore
1935; JII#F 1966, 1973; Jensen 1969; FH 1989)
WY, HUER TORRENRE SN TV D,

Jiﬁk 18 IRV EHLE GERRATIIE 2007)

& D&, BRZVRERITGEEROR 313 4,203

EED 11.7%% 5, Ml 72 B BBiE o 7=
k%m:&#%z%héo%_f,mﬁ®ﬂﬁ
ZERETT A0, AETH, RIFRNSH#IEO
ARG RRAE AN T S - s o5 &
REIZHOWTC, FRIBIC L 2FEHRETEE (B25,
FEH - BEHT 2008) %V CTRENT L 72,

MR EFE

MERZIE, RIFFROEXBRSETIRER RIS RE
WA (LAF, MREEHX), A HEETRERRES
(CAT, AHEX) , FERRERRES (T, T8
HiX), R = EREHFERLES (I, =EH
K), LES< AWBEBRMES AT, BILHIX)
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AT DA R 2005~2007 EICjfEL-T
AT =DIRIND, HEEAICHIM LT 1,484 K
% V= (Fig. 3-1, Table 3-1), ki, %%, #¥E
FRE LIS E, OZF/NOFRIEERHL, 350°C
T 60 DINEVLEE U CAEROAITICHE L 72 (B2
),

R L KB OBIEZ 257202, BINO 5 5 Fr
DTV ERIOREOREE EEMBK S 2005~
2007 O AHBEKIBIC L VEOWZT — ¥ 2 fF

Table 3-1. Sampling dates and number of specimens
collected from the five areas from 2005 to 2007

Aria Year Date Number Mean sn Ry
Kamoise 2005 Aug.8 135 68.6 6.3 58 88
2006 Aug 1 99 67.1 7.5 55 - 87
2007 Aug.7 96 66.7 73 58 - 87
Ishida 2005 Sep. 28 108 62.5 72 38 - 79
2006 Oct, 10 101 62.2 6.1 42 - 76
2007 Oct. 15 102 64.7 7.6 52 - 89
Nakano 2005 Oct. 17 141 58.4 85 43 - 85
2006 Oct. 6 86 54.8 6.5 40 - 73
2007 Oct. 17 66 59.2 8.8 43 - 90
Me 2005 May. 2 39 47.9 53 36 - 61
2006 Jun, 7 108 47.4 5.8 37 - o4
2007 May.22 102 50.3 4.8 41 - 62
Fukue 2005 Oct. 12 103 60.3 4.9 52 - 80
2006 Oct. 11 102 57.5 37 51 - 67
2007 Oct, 2 100 36.0 35 50 - 66
488 = 597 9.1 36 - 90
SD" : Standard Deviation
1
129 I
Kamoyse
Tsushima
34
ap
Sasebo —
N33
Bgto Fukue Nagasaki
Nagasaki
Mie
E129 130
1 1

Fig. 3-1. Map showing the experimental areas.
@: research site, ¥ : water temperature measuring site.

D RIBESGRRICBIT AT AT S OG FEYF I

Hricfik L7z (Fig. 3-1)

B R

BE—PHERER

BHRX DT 0 =0 T D (mm) & HREE
£ L (mm) & OFEBEEIR% Pearson DAHBEMREIC
L ORE (P<0.05) Lk 25, BERIEOHEE

D3ER LTz (Table 3-2), FHIRKEEROEIFD
BEXICENA LN G228, P<0.05) OT,
[EFRGTA IR B S B D o T,

- HX DREAEER | DX % Table 3-3 12
N UTz, BRCERICIE, SR E 2 D19t T
DFD, VD Lee MR b, ZODK
R, M8 RO L0 B C e
OENIABEDO LB EIN TN D Z &R ME
DOREINENRB Z LB, HERECIIMIA ST
WV, TIZTH, MR R C B A8
DIND T L BRET BT, 10 BIELL LB S
L WA D 2 AV R L S HICER LT
REMEE L, ZOfE% Table 3-2 OFUfRAL T
B U TB AR O EBE S Table 3-4 (T
L7z,

Table 3-2 Linear regression equations for the relationship
between rotula length (7) and test diameter (7D) of
red sea urchin for five areas of local populations from
2005 to 2007

Aria Equation n r P
Kamoise TD=11017 L +2.426 330 0.749 <0.01
Ishida TD=12.434 | —3.636 311 0.824 <0,01
Nakano TD=12.769 [ —6.579 293 0.877 <0.01
Mie TD=10.827 L —1.772 249 0.815 <0.01
Fukue TD=10403 | 470354 305 0.741 =0.01

Table 3-4. Back-calculated test diameter (mm) of red sea
urchin for five areas of local populations from 2005 to
2007

Number of nngs Kamoise Ishida Nakano Mic Fukue

| 212 = 32 164 = 32 150 £ 36 180 = 35 244 *x 25
2 389 x 71 361 = 57 357 = 50 339 + 30 409 = 38
3 533 = 58 475 = 68 467 £ 53 420 * 30 488 + 33
4 597 + 51 539 £ 57 528 £ 56 465 * 32 526 £ 35
5 634 + 50 570 = 67 571 % 355 496 = 31 553 + 36
[ 664 + 49 601 = 61 602 % 49 522 = 31 576 &+ 35
7 687 + 48 625 + 56 648 & 50 596 = 18
] 700 £ 51 650 = 56

9 720 + 38 668 = 60

10 54 4+ 37 674 £ 52
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Table 3-3. Mean values and standard deviation of ring formation rotula of red sea urchin
for five areas of local populations from 2005 to 2007

Kamoise
¥’ No. of specimens ri r2 r3 r4 r5 6 r7 8 r9 r10
3 113 1.72 £ 0354 3.24 £0.,689 4.80 +0.494
4 60 1,58 £0.369 293 0,761 4.63 +£0.540 5.41 +0.401
5 38 1,78 £0292 3.10 £0,593 4.52 £0,393 5.16 =0427 5.64 +£0.414
6 35 1,87 £0252 347 +£0495 444 £0.511 5.03 +0468 546 £0451 583 £ 0463
7 32 1,76 £0,269 3.41 +0,636 454 £0.578 5.14 £0.558 5.56 £0.501 591 £0.464 6.16 +0.456
8 18 1,58 £0,317 330 £0.607 4.47 £0.694 5.03 £0.636 5.36 +0.631 564 £0625 5870628 6.07+0.719
9 11 1.67 £0228 333 0,728 4.66 £0.512 522 +0437 545 +0414 569+0387 589 +0362 6050314 6176+ 0304
10 12 1.66 + 0,262 3.69 +0.631 4.84 +0.481 538 +£0312 573 +£0318 595+ 0306 6.13 £0.314 6.29 +0.368 6.446+ 0.380 6.563+ 0.338
11 5 1.85 +0,455 4,02 +0579 504 0477 554 £0.393 5.84 +0.401 6090341 626 £0303 642 0.359 6,778+ 0340 6,908 031
Aver. 324 1,71+ 0293 331+ 0,643 4.61 £0.525 520+ 0463 5.53 £ 0.455 580+ 0449 6.01 +0.440 6.14 = 0467 631 +0.342 6.56 + 0.338
Ishida
" No, of specimens r1 r2 r3 rd 5 6 r7 r8 r9 r10
2 13 1,68 + 0,259 3.54 £0.375
3 50 1.70 + 0,244 3.38 £0.420 4.44 +=0.341
4 60 162 £0.225 325 +0441 436 £0.370 4.92 * 0.336
5 48 1.60 +£0.232 3.07 £0.432 424 +0.448 472 +0.453 5.09 + 0.442
6 41 1,62 +£0.275 3.12 £0.506 4.06 +0.499 4.63 £0.446 5.02+0430 5320443
7 37 1.63 £0.231 3.08 £0.407 4.03 £0.507 4.50+0.511 4.83 £0472 510+ 0454 53240458
8 28 1.62 +£0.286 3.07 £0.474 3.99 +0.413 4,50 £0.350 4.84 =0.365 5110370 534 £0382 554 +0.385
9 12 1.55 +0.288 3.04 +£0.464 4.17 £0.506 4.64 +0.546 4,95 +0.554 5190555 543 +£0510 5.61 =0.520 576 + 0.525
10 11 1,52 £0,295 3.21 +0.592 3,60 1291 449 +0.542 4.50£0.948 490 +£0,612 518 +0461 5410447 558 £0434 571 +0418
11 35 1.69 0392 322 40393 4.28 £0.237 4.73 +0.268 5,07 £0.440 5320469 550 +0.476 5.67 £0.466 582+ 0.465 5.99 +0.508
Aver, 305 1.624+ 0.259 3.20% 0457 4.11 +0.547 4,63 £ 0.455 4.87 + 0,535 512+ 0,487 532 £ 0,453 5520451 5670479 5710418
Nakano
¢ No.of specimens  r1 r2 r3 rd 5 6 r7 8 r9 r10
2 46 1.74 £0,214 3.47 £0.348
3 38 1.71 £0.226 3.32 £0.346 4.29 > 0.324
4 76 1.66 +0.282 3.28 £0.446 4,15 +0.443 4.69 + 0402
5 72 1.76 £0.267 3.30 £0.457 4.14 £0.530 4.63 £0.530 5.01 + 0.500
6 26 1.57 £0.437 3.16 £0.331 4.01 £0.377 4.46 £0386 4.79 £0.377 508 +0.384
7 11 1,69 £0.267 3.31 £0.427 429 +0391 483 £0424 5.15+0408 538+ 0.384 5.59+03%
8 6 1,74 £0,222 327 £0400 436 +0.389 477 £0364 5120451 52940457 5450479 5603+ 0.501
9 5 1.64 £0.104 3.29 £0.429 4,59 £0.430 5.16 + 0487 547 £046]1 5680473 587 0473 6.033% 0.493 6,161% 0.526
10 2 1,53 +0,072 3.34 +0.038 4,84 +0,048 550 0403 5.71 £0.536 5.87 +0.584 6.04 +0.669 6.214+ 0.778 6,389+ 0.923 6.551+ 1.039
Aver. 282 1.69 +£0.282 3314 0392 4,17 = 0413 4,65+ 0436 4.98 +0.428 523 = 0.384 559+ 0.394 5.95+ 0591 627 +£0.725 6.55 £ 1.039
Me
¥’ No. of specimens r1 r2 r3 r4 r5 r6 r7 r8 r9 r10
2 77 1.89 026 3412 026
3 54 1.81 027 3.292 028 412 0244
4 65 1,70 028 3218 030 4.01 0318 455 030
5 31 1.84 034 3220 027 3.92 0270 441 027 4771 0.26
6 11 1.90 046 3319 028 403 0276 441 031 4726 030 499 0.306
il 3 1,62 019 2920 001 3.63 0291 411 032 4417 028 471 0225 496 0.20
8 3 1.56 0.10 3.047 0,19 3.87 0262 432 0.19 4603 023 480 0239 497 025 5100 0.26
9 2 1.43 014 2950  0.10 3,59 0.120 4.03 007 4400 0.17 464 0191 489 028 5090 025 533 0290
10 | 1.35 3.100 3.81 4.17 4,550 475 491 5.110 5.33 5.51
11 2 1,41 007 2460 008 3.48 0.141 415 0.15 4640 0.17 496 0170 522 0.12 5410 011 560 0071 5725 0.035
Aver. 1.83 £ 032 329+ 028 4.02% 028 446+ 029 475+ 028 499+ 031
Fukue
v’ No.of specimens r1 r2 r3 r4 rS r6 r7 r8 r9 r10
2 17 1.74 0,177 3.55 £0.291
3 87 1.72 £0.234 3.30 £ 0,365 4.28 +£0.281
4 62 1.67 £0.265 3.20 £0.362 4.00 £0.317 4.53 +0.293
5 57 1.68 £0.265 3.20 0424 394 £0.366 436 £ 0,353 4.69 + 0,341
6 36 1.58 £0.239 3.13 £0.360 3.87 £0.334 4.27 £ 0328 458 +0.325 4.86 £ 0.297
u 26 1.60 0,271 3.13 £0387 3,96 £0.310 4.36 + 0355 4.64 £0,367 4.86 + 0,379 5,06 + 0,369
8 9 1.62 £0.297 3.12£0320 3.73 £0264 4.12 £0.401 4.44 £0.404 471 £0.390 4.97 +0.392 5.173t 0422
9 1.72 £0.286 3.01 +0.492 344 0306 3,89 +£0.115 4.26 £0,137 449+ 0,148 4.67 0,192 4.854% 0.227 4.982+ 0252
10 3 1.12 £0.222 2.68 £0.145 339 £0.276 3.85 £0200 4.14 £0,197 4.42 +0.207 4.62+0.225 4813t 0282 4.97* 0.272 5063+ 0.238
11 3 1.55 40223 3.03 +£0.652 3.49 £0.822 3,75+ 0858 3.98+0,787 4.19+0.741 438 £0.732 4517+ 0.72 4.727+ 0.638 4.853+ 0.567
Aver. 305 1.67 £0.242 325+ 0365 4.01 +0.321 438 £ 0332 4.64 + 0344 4.86 £ 0.338 5.06 & 0.369
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e R
RIGREFEDOPEHREICBIT DT WU =0
T 11~ 1 A (B4 %), WITPRAEEIT 12~
1A (B2 LHEIN, MR —%L,
AR O SRR A R O A R T L
EZoND, 22T, SEO5HIKIZIBNTHER
RO O R IR ORI & L
T, EZEXEIZ LY von Bertalanffy (1938) DpkF
KEHTIDOTER, RO DHEERE
TD (mm) X (1) ~ (5) XTREIND,
eI © 7 D=74.79 (1-exp(-0.415(t+0.218))(1)

AHEME  : TD=66.32 (1-exp(-0.489(1-0.107))) (2)
FEHIR . 7D=66.02 (1-exp(-0.489(t-0.375))) (3)
=EHX . 7TD=53.91(1-exp(-0.562(++0.151))) (4)
BITHIR  : TD=59.63 (1-exp(-0.599(-0.145))) (5)

(1) ~ () DEERDORO-RESFOHE
%% Table 3-5 \Z/R L7,

Table 3-5. Estimated test diameter (mm) of red sea

urchin for five areas of local populations from 2005 to
2007

Age (year)  Komoise Ishida Nukano Mie Fukue
1 297 235 174 257 239
2 450 40.1 362 37.8 40.0
3 55,1 50.2 477 447 489
4 61.8 56 4 548 487 53.7
5 66.2 603 59.1 509 56.4
6 69,1 62.6 618 522 578
7 71.0 64.0 634 529 58.6
8 723 64.9 64 4 534 59.1
9 732 655 65.0 536 59.3
10 73.7 658 654 537 59.5
o] 74.8 66.3 660 539 59.6

K

AR 5 RO E % Fig. 32 (R Lz, &ih
R CELIEBESNLTN -3~ 65T (BHEE2
#) 12T DD X D& X Kruskal-Wallis
DFHFETHREL (P<0.05), BEENZD N
728, Steel-Dwass DL EIE#1To72L 25 (K
A= AR, Kyplot 5.0), fB{THIX « HHEFHIK
MWD 3~6nk, AHEMX - FEFHXEO 55, 1§
JEHEHIIX. « A HEHIX D 6 B CITEEENTD S
AR TZRS, FDMDZ ORI A
BENDHY, REICHUISRZTRD bz (Fig. 3-3)
£ [E] 3 ~ 6 DBEN L b R E Do T HEEREHX
S PDIRHEE (AE 1989) LA | RS (45
1995) OREA BT 5 &, RIGFROEREEE

BTHD3, 4k (FS5ESELH) THREEIT/D
&L, FOHOMEHE L bITREZENIEN -T2
(Fig. 3-4), ZDENT, RESHER HEMREEL S5
Bt U 7o) RO AR TR & SR & U721l
A R ClIF 2R < RS o 7o WTRetE (38 2
) $B2 ONDT-DMERETHA OGN TE M
-7,

iR DS fE YA X GREE 50 mm) ¥ TIE

80

=Y
=]

Test diameter (mm)
-y
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Age (year)

Fig. 3-2. Local growth of red sea urchin for five areas of
local populations.
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Fig. 3-3. Mean test diameter of each-year old of red sea
urchin for five areas of local populations from 2005 to
2007. Vertical bars indicate standard deviations.
Different letters (a, b, ¢, d) indicate significant
difference (P <0.05).
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Fig. 3-4. Local growth of red sea urchin in Nagasaki
Pref. and Kanagawa Pref. and Yamaguchi Pref.

THHIRNE 1.1~ 3ELARRE EPRHEE, &
By TERHIIEPMESH (ZED 1987, N
%+ LA 1985; EEES 2007,2008) [F UHIXKPNIC
BWTHREENRKRIWI ENEZX NS, €2
T, HEMOERFEZ% AV T von Bertalanffy
RERIZY LD, BEOEREEL Fig. 3-5 (R
LTz, BAEMBEOBROFMIL, 20~40 mm &2
FER R E Mol F—EEHEN CTHEDIBDA
W2 EE, BAROBEERENSERED 1.5 D 21F
OEFENTH Y, WMFEEZEL TTAENBREL
BEND Z LIS, RE LT ARG ERER LT
LT AHE (AL 1996) oA OB
AR TSN L (AE - 50 1975; KED
1998; MR - 4210 2002; JEE D 2008) 72 EMNDHT
IS ORERIERELA COEAEMIICBIT 54 BE
FEEORBAR ML TND I ENEZLLND,
BN 3EBOEHKIRE, RENKRLENT
MES TR N R B~ 2 S A e R ANt D
EMED, MoOlERT—4% £ 05~12°Cl&kA» o7z

Kamoise Ishida
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Fig. 3-6. Seasonal change of water temperature for
five Points. The data of three yeas (2005-2007)
were combined.

(Fig. 3-6), LU, R, RS, BlEic
B DEHKBICITEN <, ABHOKEN K
bENoTeZ EiE, BREELITELRY, &b
REDNE) o T ZEHXICBW T, EEREE
AT 27 7 AL a XY £ 7 PTFEHEAL T
BY (BIFH 1994, 2004), BREERESRKE~K
ETRBORE SNRZ D, BEECLDE, &
BOTH Y =FBERICRES N TN b D LD,

PNEUELTWAB EE X b, ITEOBEDOFIRN
TATZDRERIZEEL TND I ENEZBND,

BA4E i B

AREORBICE LT, L0 REROEIN
(FAs « 359K 1962), =EEIRHROIRIE & RIRD L
FEER] (Unuma et al. 1996) ZDIENH D,
U=, AFEROZPEAE LTRSS Z
ED, A ZRIDOATERE BE-CATERIEE DA
FERMb7e L OB FEORIRIY, YRy

Mie Fukue
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Fig. 3-5. Rang in test diameter of the growth of red sea urchin for five areas of local
populations. ( X : mean, O : standard deviation)
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WD, SHICERBDEST U v —FIAETERD
BT, BRE LBV —RIZER & Law
DT, MR ETERL O AR R & BT
5 EEEETHD, RETHE, YEEDOTER
BB DT I = OATEEE ORI R
A R L BEIT OV TR LTz,

mHEAE

RN, BRBREFEOHERE (KR3~
5m) ([CBIT DT T A BIROBS TR LIz, &£
TEEDOBHPEEORAZb AR T 5720, 2002
5 A ~2005 £3 HET, &7 1E (2002 £ 12
A & 2005 41 A #Fr< 33 [, 38 35~92 mm
(FEH4) 54.0+8.1 mm) DT A= 29~67 @K Gt
1,438 fE{E) 2R/ TEE L, BE (mm), &
BRIOEREEER (o) 2HEL, AJEEERK
(AEFEEE B X 100/{(F8E) ZH M L7, &M 20~30
EERIZONT, 10%FEFRV< Y O CREE LA
FEED R RE A —EREI 0 B, EiElC LD, T
T4 YR EERLTC, A r— e bR Y
VA D EBREET o, JFIRMEET
B2, HEMORREEME % Fuji (1960) DIFIEIC
EFISHE 2% 72 Unuma (2002) OFFEIZHES T
TRED b B A LTz (Fig. 4-1),

: Recovering ([B11EH7)
: Growing (JiEH)
: Pre-mature (i EAETHA)
: Mature (Y
AT —5 : Spent (HINHETR)

BROT BT = EIBNS, BRECEERBIN IR
WRIAHEET 5728, 2004 4E 12 A 9 B & 2005 4
11 A 23 BIZF&E 9 ~76 mm () 41.1£11.6 mm)
DT H 7= 180 {E{E (2004412 A) H L <1307
B (2005 4 11 A) Z A% 2 —/ K TEHRIRL,
b & FERROBE & SEEORBRFHIBIEZ1T
Tro SAREORRRAEBEME L, FFEOSBELE, 4
FEEAAS/ NS (EENN0.1 g UAT) EMEA 2 /Ef
TERP-T-HDE, AT—0 @ Neuter (HERIF
SEER) &Nz T 7 BRI EE LT,

251
AF— 2
AT =3
AF— 4

Fig. 4-1. Photomicrographs of histological
section of gonad of red sea urchin. (A, C, E,
G, I: female, B, D, F, H, J: male). A and B:
stage 1 (recovering spent), C and D: stage 2
(growing), E and F: stage 3 (pre-mature), G
and H: stage 4 (mature), I and J: stage 5
(spent). Bars indicate 100 p m.

mEWmESIL TV ra Ty T
kT 2 U RS E G o T P R R A
(B 2004) ZHE L7127 7 o = O\ KR ZTT -
TWBZ Emh, OfRFFEEEZERIRL, St
B L VIERORRABIEL, RIRBEL I L
XEILTz, E5i, FRIEOMEVIRIC L DHHmEL
Z W EREE (52 3, 5E - ZXT 2008) &
1To7=,

BN E IKIEDORBE R # B 7, ARG
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EEINZA Okm BEN 7= HILR OKIE 3m DOUFEEIZER
B L BERAKE-BES (T Ly 7 BEFHKE
##L COMPACT-TD) 12 X V&b i=F—4& % H
Wz,

w OR

KB EERESORAZEL
2002 £ 5 A5 2005 & 3 A FTOMEHZ O

T, AR O A Bk OB OHER % Fig,

42 1R UTe, KR, |k 0 EE#RA LN,
R fEl% 2002 458 A 5 HIZ 26.0°C, 2003 49 A
7 HIZ269C, 2004 557 A 26 A2 269°C, EiE&
BV, 200343 H 13 HIZ 13.1°C, 20044E3 8 7
A2 13.7°C, 2005 4£2 A 21 HIZ 133°C, HE
%, 2003 2 182°C, 2004 £EiZ 19.8°C, 2005 4F
(2 193CEAR LTz, AFERFEHITEIC LA EE
H B, EHHEO B Ei% 2002 ££6 A TAIC 10.7,
2003 4£ 6 A HANZ9.7,2004 ££5 B FAIZ 11.0 T,
5~6 Al —27 2z T\, #DH% 10 BET
BV VKIEDKE L 720 B 1 BRI EA
BWURREEZRLIZZ &0, & ORI RN -
BHREDE Z o7 SN,
2002~2005 FEIZ331T B 3 O ETEREIE DT

—Z AT EICE LD TEMELRDD L, 5~

30

25
20
15

Water temperature (°C)

10 RIZHNT COAFERfSHIIAVMEZ R L (Fig.
4-3), ZOFEEOFE% Kruskal-Wallis 0 J51E T
E LT (A =2 A8 Kyplot 5.0), HEZEIX
RO LNV T2 (P>0.05),

4 Q] BT | N () m—
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Month
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Fig. 4-3. Monthly change in gonad index of red sea urchin.
The data for three years (May 2002-March 2005) were
combined. Each point and bar represents the mean and
standard deviation. Asterisks denote significant differences
(P>0.05).
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Fig. 4-2. Monthly change in water temperature (A) at the near sampling sites and gonad
index ofred sea urchin (B), April 2002 to March 2005. Each point and bar represents

the mean and standard deviation.
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HE— o R

M 416 fEE, HE

X424 fEE, MEEL (MEEE) 13098 T, MEHEOERIC
BEREIRD LN o T2

(=

developmental date and number of red sea urchin

e ET FENT
( 2 test, P>0.05),
Table 4-1. Monthly changes in frequency distribution of

collected stages for both sexes of gonads

Date Female Male Total
1 2 3 4 5 1 2 3 4 S pymber
May 28 2002 7 13 20
June 28 11 9 20
July 31 11 9 20
Aug. 28 8 11 1 20
Sept. 27 3 14 4 9 30
Oct. 8 7 14 1 8 30
Nov. 25 1 13 1 1 8 6 30
Jan, 7 2003 6 12 4 8 30
Feb. 14 17 7 6 30
Mar, 13 14 12 4 30
Apr. 15 7 2 10 1 20
May 15 7 13 20
June 17 15 5 20
July 24 8 12 20
Aug. 11 5 15 20
Sept. 9 12 5 13 30
Oct. 8 15 1 9 5 30
Nov. 17 1 10 6 110 2 30
Dec. 24 2 16 1 11 30
Jan, 26 2004 4 3 13 20
Feb. 12 14 5 5 6 30
Mar, 15 12 1 10 7 30
Apr. 21 9 11 20
May 19 10 10 20
June 17 12 8 20
July 13 7 13 20
Aug. 5 7 13 20
Sept. 15 5 10 9 6 30
QOct. 8 2 12 6 10 30
Nov. 17 11 10 3 1 14 30
Dec. 9 15 2 13 30
Feb. 22 2005 11 12 7 30
Mac 15 11 19 kit

* 1: Recoverine. 2: Growine. 3: Pre-mature. 4: Mature. 5: Svent.

BB & & UEIMAI DR EE

R 5mm RO MERREE D RREE & RKIRRE L 77‘5(
TREERF KL OMERER | BB LU 7= (Table 4-2),

SREEIZRV T,

PERI SRR R RS T & 7’:%4 »

PR 1 3 21~25 mm, M 26~30 mm, F/NF A XX
HE 24 mm, M 27 mm Thotr, HIREEZRWT,

BT AT HY O EFRAYFNIZE

PERIDSFERR A T HERE C & 7o e/ NSRRI T, e &
HIZ 26~30 mm, Fe/EEAYA A0X, HE27 nm, M
26 mn Tholz, FBEEADOEEITRAEE, Hiikt
E BT 3 mm LA ETEL 2o, £, WEtE
DR 26~35 mm 12T, MERIASERE A T
RTETMET 44 B, REX 40 B, MEEL B/
HE) 13110 T, MEHFICE BERETRD b
D30Tz (y*test, P>0.05), FREER L OBESR
FORR OMENT 24 fEMR, HEX 38 BIE, MEEb M/
) 1% 0.63 T, MEHFHICHEICHENZLD -T2
( x*test, P<0.05),

CEMNEE D RV & RIREE & BORER 30 & UMERE
BNCEEPRE U7z (Table 4-3), MEREE SRR HEMR
PRNCHERR T & B A bhD CHIER L 7 4Rt
MR L DI RABET 2R, HUGEET 1LRR, KRR %i
BRLOBGEE L HICKREIL 3 BULTEL 2o
oo Fl2, 1~2RRITBVT, HWEHFHNCEER
ZIIFRD LR o720, BERSVMERFED b
Nz (ytest, P>0.05),

RIGRIZIT 27 0 U =DM 5 L 72 D54%
40 mn 3B L O3 LA EOREEIZ IV T D
1T L TR W EHEHIOE DS HEL L e,

5 K

TAY =OEFEEZA LT LD, &
FHELFEER D SRR b & AR FAOBIEEIC L 2 A B
HaDFEEBRRIZ OV THRET LTz,

¥ = DAEFER ISR & AT TR S,

Table 4-2. Percentage of developmental stages of gonads in each test diameter classes of wild
and released red sea urchins collected in December 2004 and November 2005

Wild urchins Released urchins
Test diameter gohad Developmental stages of gonads' gonad Developmental stages of gonads”
n not 0 female male n not 0 female male
(mm) available 1 4+5 1 445 available 1 4+5 1 4+5
6 — 10 1 100 0.0 0.0 0.0 0.0 0.0
11 — 15 4 100 0.0 0.0 0.0 0.0 0.0
16 — 20 9 100 0.0 0.0 0.0 0.0 0.0 1 100 0.0 0.0 0.0 0.0 0.0
21 — 25 5 60.0 0.0 0.0 0.0 0.0 40.0 14 85.7 14.3 0.0 0.0 00 0.0
26 — 30 6 16.7 0.0 50.0 0.0 0.0 33.3 52 51.9 11.5 9.6 7.7 00 19.2
31 — 3 18 5.6 0.0 22.2 27.8 0.0 444 48 8.3 2.1 16.7 31.3 42 375
36 — 40 43 0.0 0.0 93 419 7.0 41.9 39 5.1 0.0 10.3 43.6 0.0 410
41 — 45 56 0.0 0.0 71 60.7 3.6 28.6 K| 0.0 0.0 12.9 41.9 0.0 452
46 — 50 50 0.0 0.0 8.0 32.0 4.0 56.0 9 0.0 0.0 111 33.3 0.0 55.6
51 — 55 48 0.0 0.0 2.1 41.7 2.1 54.2 3 0.0 0.0 0.0 100 0.0 0.0
56 — 60 21 438 0.0 48 14.3 48 71.4 1 0.0 0.0 0.0 0.0 0.0 100
61 — 28 0.0 0.0 36 464 0.0 50.0
* 0: Neuter, 1: Developing virgin/Recovering spent, 4: Mature, 5: Spent.
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Table 4- 3. Percentage of developmental stages of gonads in each age classes of wild and released
red sea urchins collected in December 2004 and November 2005

Wild urchins Released urchins
A gonad Developmental stages of gonads’ gonad Developmental stages of gonads’
ge (year)
n not 0 female male n not 0 female male
available 1 4+5 1 4+5 available 1 4+5 1 4+5
1 15 100 0.0 0.0 0.0 0.0 0.0 25 68.0 4.0 40 40 0.0 20.0
2 15 20.0 0.0 333 13.3 6.7 26.7 90 31.1 8.9 144 18.9 1.1 25.6
3 33 3.0 0.0 6.1 455 0.0 455 52 1.9 0.0 9.6 46.2 1.9 404
4 64 0.0 0.0 78 422 3.1 46.9 31 0.0 0.0 9.7 41.9 0.0 484
5 83 0.0 0.0 48 422 3.6 494
6 48 0.0 0.0 8.3 41.7 2.1 47.9
7+ 31 3.2 0.0 6.5 32.3 6.5 51.6
* 0: Neuter, 1: Developing virgin/Recovering spent, 4: Mature, 5: Spent.
KEMIICE Z DN RELEE U UIVEARCRE I (RS 1987, Hiky-)IFE 1995)  REHET

FRD Ly (Walker et al. 2006), ¥4 .5 T
= (Fuji 1960; /IS 1984; AL
1982; B2 - PARG 1988), =Y N7 = (Fuji
1960; &3S 1988; Takahashi 1980), AT
7= (Sakairietal. 1989; L& &4~ 1993) T
ERERTL R = N S N R AN By ST SN N e 21 =0
TRREEIE L TR, EIRDGRE D 2 LR
ENTWBR, RSO T H 7=k, £REEE
BOBKRIELT LT 5~ 6 B OMBFEhELE T
EHEHACH Y, ZOHMBEER /2RO TI A
£5 9 A CATEBREDOEVIKEN{SE L7
(Fig. 4-3,Table 4-1), N7 L7 =07 H 7 =13,
PR THIFRRIZTRVNC N AZE LA T8, i
BB T IRATE TEBEX LN Z b (R
FH 2008), ARREOHEITHMEA T 10 B &#BR<, &
FEEAE O E/KED T35 5~ 9 B F TNy

AN IS DT U = DEIENT, AEFEEE
BOBLDEIN LR LT LI~ ATHY, Thz
BT 5 L 91 DR OH - Aol -
THEDRFRE S D AEFER B S 4y, 1M Rk
(AT - Fk 1962) L =ERVEE (Unuma et al.
1996) & [EHROEIIAZ R LTz,

HH (1988), Yamamoto et al. (1988), Sakairi
et al. (1989) %, 7ho=, LT7¥Fry= N
720 = OB IKIENEERBEER CH D
ZEERLTVWG, ATy =TlE, 7 A TaD
5 165°CI ((FED 1989), T H U =TI, 2~6
HBET2CLE L, 7 ALK 20CIic (FO 5
1995), 8 AT 19~20C & L7=%%, 9 BIZ 17~19°C

- -
—y —

5 Z & TRERINZAT 5 TG A EDOEINH BRI &
T35, Fie, HH (1988) iXmKIEMIIZ
BT OT T =, ATV R Y AR
ICRTENAUTRERER LT 5 Z e N TE, ARl
IXEEIRICARR L T B EHERIL T 5, AER
& L7z SFEMICBWT, TR OFEKIR 19°C
REREELTA L, FOKEE THRIEL R
%, WL 5 A TRTHY, FORIIARD A
£5 98 ETIHICLL LD T 5 Z L
b, EIEIXIIE—E ThoTzE X LIS,
AR 3Smm LLFRB IO, 2BOERICEITS
AFEEEEN 0.1~02 g DEERTAT—T 0 DAL
RENRERINTEY, ZoH 1 X0EMmICBT
DAEFESR 0.1 g LUTF CHEFRIBIERIMT 2 /2o
TebDHAT—=V 0 LEZOND D, SEIEH
U 7o b BE CHERR S U7 B/ VR 24 mm () 054
WEROTIRT 71 7 =280 B ARSI & &
2 oD, ETEIMEEIIAT HFEEITRARRET
2%, FOMRET 1k, AEARDNE < 72 D3EIT 30
mm Pk, FEMTII3mUELEZ LN, BiF
B H 1T B IS R p3AE R 40 mm DAL, 4F
BRIX3 LU ETH Y (555 EE 28), &K 1 EN,
AR LRl D 3 fo7, &
7z, [EREERICHOR S IV BURERC 3 T b RIRTE
IR YA A CTRHREVEIT L, BURAEDFAERE~
DEENEGFTE D, EBIL, =Y RTT7=0
FOFREDS 1% TR L= e (&3 - PR 1988)
& [FlkR, ZNHERO BT 1 WD 28% AWk AR
PRI 2 MR T & 7o, AMHBIC 1T 2 RAREE 1D
YA L9 ~26 mm T3 LT, JHafHE 1 sk A
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A1 18~30 mm T, Z D 9 LHERFANZ MR A fE
WXV A AL 27~30mm & REho-, D
L 97, HimEE L RIEEOREZRL, RARBEOE
SIHACHD 11~1 A L 0B 10 BICHESAES
e 2 & SO A PSRRI W TINR & Ty 72ks
ik D bl Eni=eBZ biILD,

AEER UeptEHZ BT 241 - 1 Th-o
78, B 26~35 mm TIE, HEOEIEHAIL 2 E,
RS K ORI 38 B, HEDEIEIAIE
20 B, AEER X OVREPEOERIT 24 BT, Filp
1~2 Tl HOEEIIT2RE, WL T
HROHORERE 34 B, MEOEIERNX 19 B, RREH
B L OO AREENIL 20 B¢, FM LT- 1ROBET
FE & A EDRB LAY, MECILEE LRV ME R
Do T 8AE (Unuma et al.1996) & [FIERIC, &
Bk KOV o XNZ381T HESHE L D BREER
HEITTHHENE L, HHOBEICEEZED D
BT (x test, P<0.01),

PEIRENC IV VTR S & 72 H78% 40 mm 3
FOSBULEOEEIZENTY, AEEITET
@@%@ii@@mﬁmﬁbt: L3, BEhEE
DN & K D EEBIERIE ORI O B 50
BRI T ORISR E 2 DD,

BOE RRDRERE

FEEDOEROIRIL, ERAEUICERL, F
KA 5 ECEETHD, ILAESNEEDT
AT ZZOWTERE (PR I35k 1962) ST
BB, RIFEIZOWCEA LT 22 TR0,
b, VoHEHOBERL, WEE LTRE - B
%%EE%%@%TWD&&@EM,Tﬁ?ﬁﬁ
TROWEEIZ DV T LN 2> TR, &
FH (1995 EEOFERIRICT v r— &K
LTAER T, BRR T Iy = gshn
WRNWZ 2725 TN AN, FEERRCOIRE AT
PLILTRY, WEERORYENREZLILD,

AETIE, ETE 1EISNTT Y =D
ERed, BEGBRMEERE LT v — Nl
ECHOLMNI L, WICE2FTIE, TAHUV=iR
B OREEIC OV CHRET LT,

D RIEEGRRIZ B 57 Y = OGRS 5E

%1 i RARBRBS~NDOT7 75—+

HE

AETHE, RANOEEEEY, BIGEOMRE
DERELZERET D Z L2 BRI, RIGRNCHEE
g2 B e AERFHAT T L7 o =0F
EREIZOWTT o — MREEIT o712,

mHEHRE

T ohr— VRE

T MRS, 2007 4E 2 BRI RN O
mfRELET 80 ETORERFEME CLTIRE
ERT DYERRICT v — MABB L OT v
— MERABEREE A Ui, 7238, G2 IRHOX
Al B8 L TV AEEE, SXFTEICIEALZ R

FEV L7,
7o — Mk A4 RRRICHIRI S 72O 6O F
TORMIZR L, EET5FRE L, Fig 5-1-1 12

T r— FOBE AR LT, O~@iHFRLEUN

MRAFECET2HRETHD, O~QidifgERs X

U‘%iﬁ%‘@ﬂﬁﬁ BT oM TH D, OITERE
(T omRTH D,

HRBELIUEBER

T or— FREDERH

T NS0T L A3 IR BEE RS Y,
BHEIRRIT 54% Tholm, BIREMEEER
CUNBBUR BIRRBEERAT 2005) (2X 5 &, &
Mo v —EEEHRER (678 M) IE, BIHFRIC
BIFARE 974 b)) OB LZE 710%%55H TN
Too XETZ LICREEZEERL TWD 3EHD 10
TR B DORIZE A& DT 50 #IKDORIZEIZDOWT
[EAR BAROKEERTEH R © SYEKIZHEM L=
(Fig. 5-1-2, Table 5-1-1, Table 5-1-2), 7233, [EIEH!
XN NIEBOMEBR Z £ 1208272 b DO o 77,
s & FIAA

Okt 2 EEE, TR 235 20 #X, T
AT 23 16 HIK, TEFREE L TS DI
SHIX CThH 7= ([EEH 39 HiX), WHHATTE
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S - B IR G K EERBRB RE ERAR AR ES R
FI%A : FR 19%F A A

T v = ORI EEREE

] it X HMEA
OHTECIRFAF ROV TEY TIHFSICOETMA L, BROMEDHEL,
FOHFHOREZBAT L,
1. il ( %) 2. Wit hw ( %)
3. HFIHGE ( %) 4. RAM
@, OT4 LEESNTBA. ZOEBIZONTHYS TS HHCOLRAT S,
1. ART3AFIAL Tl 2., ERFBLIEN
3, ERL TR 4, Zofh ( )

®. @T1 LEEZEESNEHEA, EOBAICONTHEYTIERICOZTAT SN,
1. BAYREDOEHEN 2. R NIF B AR
3. Zofh ( )

@, OT2 LEEShESA. BRAYMABEOFIAIC >V THEY T 25120
ERAT SN,
1. #MAT5 2. FALZW
®, OClEE2 LEESNESE, UoOHWBRICOWTHYT 3& 510
ERAL, BEOBEOHEITZORAERAT I,
1. @& ( %) 2. LEHE ( %) 3. LrEHER ( %)
4. B = ( %) 5. 0 ( : %)

@EEDWBRFIC OV TRAT S,

MR HEAAETLAEHE
1. XEENCCIBERAT DA TV B IBAE, HXFHECREAZ I LET,
2. AOREAZVHATL, OPE@ETHELTFE,
3. BB Lo T, WHRIREHCHHBRUE > LT, RAT&L,
4. HFHORBRBOBE I THAITEERBCRAT S,

5. e T AF B oo R o0 it AR
IR orE (HBAZ, MERREISVTHEALTESN)
AR L ABTY D = H200kBL, RHER kg
RN 0NET
FRIERER : 12:00~16:00
wERE: %0

FEMERE : 3 BT %
|

6. FHRRAGHVELL L, HFHRER  ERETITAKT S
(095-850—-6306) ,

7. HEBRHBREBELY LV RANFTICOVNCTOFBAIMERY SHETEALS
ARHY ET,

Fig. 5-1-1. Continued

; ; e S B
HE A AL | BREAH WA —
M | A~ 5 B A k| 0
He | n~n B A K !
M7 | s~ =& 8 A ki s
Fig. 5-1-1. Form of questionnaire.
DRSOV THYE T HEFFTIKOLRAT I,
1. BELTVSD, 2. EBARKRE N,
3. WAMRAIZH D, 4. BSEAC DD,
5. Eofh ( )
®. QOREEEZ bNHFEEIZOLRBAT I, B EET

1, MO 2. BE - BSOS

3. BRI ORE 4, FAODEOBORE

5. BitoOsR 6. FWREHEHOLR

7. Foft )
OBBAREICOVTHYT 3 ESICOLTAL, BHOBREDOHELLOWBRD
HEEBATED

1. 0~1m ( %) 2, 1~3m ( %)

3. 3~5m ( %) 4, 5~10m ( %)

5. 10mBEE ( %)

OWFEMRC OV CELT 2HEFICORTAL, WHOEEDHELEOWRIERD
FAERBAT S,

1, #kEek ( %) 2, FWm*k ( %)

3. #fFEmE ( %) 4. EHRB ( %)
OFAENERME SV T, EHTIHEFLOERAL, MEOEEDHEIIA
FETBATEW,

1. o ( A) 2. —HiRE ( A)

3. B¥ ( A) 4, ToOM (EHE®) ( A)

@FIAEDERICOVT, NEERATE,
1. 29Fk ( A) 2, 30~39F ( A)
3, 40~49F ( A 4, 50~95F  ( A)
5. 60F8AE ( A)

DEIREROTHL Gl 3
Neovess (VM. AFRIRSIZ SV TIRAL TFALY

KUETTH =0T Y5 — bR T T, JHAbY B> T8 E LA,

T
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- 34

= N33

EJ29 / 1@

Fig. 5-1-1. Continued.

IR 32 <, RIS MRS AANIE 23 % A

Fig, 5-1-2. Fishing areas around Nagasaki
Prefecture. Abbreviations in the figure are the
same as in Table 5-1-1.
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Table 5-1-1. Fishing areas and their
abbreviations shown in Fig. 5-1-2

Area Abbreviation

Tsushima area Tsu
Iki area ki
Hokusho area Ho
Ohmura bay area Oh
Seihi area Se

Tachibana bay area Ta
Ariake bay area Ari
Goto area Go

Table 5-1-2. Number of answers from each area in Fig. 5-1-2

Mumber of % Cateh i weight  Cateh inoweight

Aus finherres Nt ol (0 fortatal () for amgnered 1P CENSIERG
cooperntive bt sgea (AY ca-op (B @A
Tsu 15 9 126 114 0.90
Tki 5 4 447 307 069
Ho 13 13 135 106 079
Oh 9 6 80 80 1.00
Se 8 3 52 20 038
Ta 4 5 16 11 069
Arni 12 3 2 [ 000
L] 14 1 L6 Al 034
Tatal &0 0 Ll 618 010

oo IRFEHAMORVWATE T, BFHEEOBIAIX
LINThol, —%, IRFMA] & Loz ot
XC, BIREX & KFNEDEIE 5 X342 THRF)
AT 7=, ®D 2005 FEE O B EZODMH
WHFEIE TR L TR IR OfEES B L,
X &R L2 (Table 5-1-3), HEE SH-K¥E
XofEEs [RIBRMFEHER] OV —iakE
BT 21 XBIEE SIS (B ¥ =5k
Mg iR T —RREER) TR L TEIERO
REEZHEE T D L, ALIEXD 4,587 kg, Bl
XD 3,410 kg C, HHIRGENRBIREED
81% & DT, —F, BNTRLZDOTY
EHH L PN RE SN ARBIER O T v =i
BEIY, 279kg TEED 3% Lo, BANOF
FRDUZ HUSRZENTED BTz,

Olzxt 3 aEIZE, TEETABRAL TV
VW] N THIK CHBIER), TARBHED DR A3
3K (CRANEWEX, HEyEX), MERL T
W] 4K (EREX, KATEEX, HEHE
K)Th-olz (EEHOHIK), EETHILFAL
TRV LT 5EEE, BB TH
20, EIEPENHIXOZ OT AT =3FAL
TVWRWEEZ Hivd, AIRMEREX & KAHEHEX
Wi TRIALTW3 ) & LizEEiSES, 7hy
=IFER LTy, b LSRRI g
EZz b,

@WK 2 EVE, TR -3 5 A7)
2 1HIR Tdh -7 (B 1 H#iX),

D RIFRIGRICBI BT A = O BIFEM TG

@It 2EEE, FET5] 820K, TF]
Bl RN1HRTH o7 (B 3 HX),

OIZH T DEIEE, [Tex B4 A320 HIX, (3R
fH& ) 23 3R, [Tex ByiRER] 25 10 HiX, TR
=hNT) 236 MR ThHo7z ([EEH 26 HiX),

©®n 2005 FEOHHERE L ODEEEIZ )
HAHIR O HTREELZEH L (62005 FEikE
X®—1~4/100), X T LITHEET 5 & (Table
5-1-4), FRfTEHAEIL32kg, Tex HAHHEIL
3,278 kg, TeXEHIERHTEIT 811 kg, RV =H
TRILS15kg T, FXLTHF TR/ N7
U =TI E MR LZ VDI L, ThT=0
EE A DRI TO—RINLZE{T>THAHZ &0
BN Ao T,

HEREMEIX - A MK OMREE ~DOBR Y 1Z X
&, WETIE, LEFZER| L%y 73EC
LT, MG~ AT O RE 2, TERDOFR
DININDR D =HEIAHEE S, IR o—RinT
DFHBHR RIS SND,

Table 5-1-3. Answer for question (D shown in Fig. 5-
1-1. Each area are shown in Fig. 5-1-2.

Sales by I'l:l]cm:s Sa!e without Personal Total weight Estima_ted
Area cooperative using ¢o-op consumption ( catch in
association (kg) (ke (kg) & weight(kg)

Tsu 211 31 10 252 279

Tki 2,114 228 2,342 3410

Ho 1,862 1,715 25 3,602 4,587

Oh

Se 40 40 104

Ta 351 561 50 962 1,400

Ari

Go. 47 41 137
Total 4,625 2536 85 1246 9917

Table 5-1-4. Answer for question & shown in
Fig. 5-1-1. Each area are shown in Fig. 5-1-2.

Whole sea Raw sea Salted sea

Area . . - Tta-uni*
urchin urchin gonad urchin gonad
Tsu 11 56 14 141
Tki 0 1,750 0 364
Ho 1 1,116 745 0
Oh 0 0 0 0
Se 0 40 0 0
Ta 20 301 20 10
Ari 0 0 0 0
Go 0 15 32 Q
Total 32 3278 811 S15
*alum-treated sea urchin gonad placed in a wooden tray
RS L URREOWRR

O & 0 B 45 L 88 A5k %E 2005 4F
FENZOUWNTCEER L7 (Table 5-1-5 : [AIZ$% 27 #1X),
BB ZAT > QO D HIKECE ARINCERHT 5 L, £
PRI, 5~ 9 ADRBICHIZY, BB



TR IR K FE A BRI I 72

AT 10 A ZBR< AFEEFEE O &R & —2
Lz (B4E), L»L, ZoHME2EC kgL
ITHMRITEELS, 1 tml:@Ii’/‘J?ﬁ%%EIi;k i, 34 H

Thol-, AL 2,623 AN ThHoTn,
HEER T ATV U =& EERICHEE LTV D 2 H
X 2,130 AEBR\NZT B 0 =& EICRIET DA
i3 493 ATHoTz,

OOIEE - MBELEEAICETT L
(Table 5-1-6 : [EIZ$ 21 #[X), 2003~2005 FED
B ER S OBAREIY, K& ED LT\

DDHEEEIZHOVTIE (Table 5-1-7 : [EIZ#R 32
#X), TREL TS| 2HK, EEBKEN]
TR, EIMERICHD] OMIX, MEAMERIZH
51 23 X, [Zoft) 3HIX (REEMTIED)
ThH-oT.

®, @DOFEHRIZAWTIE (Table 5-1-7 : [EEEK
29 HhRR), [EUEORE] 7HIX, TEE - R lE

ORI X, TR O 24 X, THA
nLH OO 10 X, THROME] 34
X, TEREH O] O i, D) 4 #HX
M, THE~OWH) Th o7, 2003~2005 FEED
BIHEER R L R BEResE, RE<Bd L
TEY (Table5-1-6), TEIRDOBAMEMIZH D]
EDEEMN 0% % 5Tl L —HLTW5, £
DOFEE % THEEET | & L7BEEIL 3% % T
77

ORI DV T, ®D 2005 FEEE DT Bk

BICQOEEE|IE %5 U Cf el e g5
FEHLIE A (Table 5-1-8:[EE# 28 HIX),
0~1 m(©0.6%), 1~3 m(18.7%), 3~5 m
(24.9%) 5~10 m (42.5%), 10 m A& (13.3%)
T, 5~10 m OEREISGNL) T, Ll
Z OKEITE AKX OWRIEEN L\ 2, A M
REBRSBRNOERT B v =jfEKEIL3~5 n
Thol,

O EREIC VT, ©0 2005 4 OIRIHEER
BIcOoEEEE 73 U O e gss
BEHLI-E 2 A (Table 5-1-8:[E/EHK 29 HiIX),

[VEKERIBZE) 8.5%, [RIEIRZE) 87. 4%, (88
Xifa3dt )| 2.8%, THEAEREU 1.3% T, [HRIEHE]

83675 20104

DBEEIG )% oT,

DFAEOERBEDOAREZEHT D &
(Table 5-1-9 : [EIZ % 28 #IX), TER/majfaZE) 477
A, T—EiE3E) 204 A, TEB3E) 46 A, T2 OM (&
B 1,206 AThHoT, [0 (StEBL) |
i, AT VX U= EEE LIESERSZ L
Ez NS, AR, THRTERE +x
W LT DE LD o1,

QoEBYOFNBEDO NEEZEHT D &
(Table 5-1-9 : [E&¥k 26 #1IX), 29 FAI) 33
A, 130~39 F) 67 A, T40~49 F| 138 A, [50
~B69 ¥ ] 197 A, T60 F¥LL k| 188 AT, mEinfkite
Mz o7,

[EE C—HIRED L) -0 BETIEEG O Bl &
iX 1,820 kg T, FEHIRHEIRED 38% (Rl
HERAET D 86%) & ED TV, ZOXDT A
voJfdElY, JAEE B A, RIERK TS A (BN

Table 5-1-5. Month of fishing, days of fishing and number of
fishermen of answers for question ® shown in Fig. 5-1-1.
Each area are shown in Fig. 5-1-2.

Month of fishing
4 5 1 7 B q

T A
Musmber of Tumber of
amwers T answers
4

Area  Mumber of

0
llllllll

9
Teun L] 1 I 2 ¥ 1 19 4 31
ki 4 2 1 3 2 1 1 4 28 4 1,388
H 12 1 4 5 5 3 5 35 11 32 12 1,124
Se 1 1 I I 30 1 10
Ta 3 3 3 3 3 3 1 2 97 2 46
(o 3 1| 1 1) 1 11 3 15 2 £
Tatul 17 5 12 12 Q4 11 9 6 25 K 5 £33

Table 5-1-6. Catch in weight and sales by fisheries
cooperative association of answers for question ®
shown in Fig. 5-1-1. Each area are shown in Fig. 5-1-2.

Area Number of Cateh In welght (kg Catch in sales {thousand yen)
answers 2003 2005 2003 2004 2005
Tsu 3 233 31 3 21 4,008 4,719 3,990
Tki 4 3,256 2,337 2,114 58,222 44,111 36,498
Ho 8 5,103 3,31 1,862 71,148 50,758 31,929
Se i 60 20 40 2,000 1,000 1,000
Ta 3 861 496 351 16,051 10,713 7,385
Go 2 137 it 47 1,458 579 576
Total 21 9.650 5583 4,625 152.887 111,880 81,378

Table 5-1-7. Answers for question (7, ® shown in Fig.
5-1-1.Each area are shown in Fig. 5-1-2.

@ ®
Area Numberof] 2 03 4 5 Number of 1 2 3 4 5 6 1
ASWOLS answers
Tsu 7 | 5 7 2 4 5 2 I
Tki 4 q 4 1 4 2
Ho 12 2 4 3 10 3 3 09 4 1 2
Se 1 I 1 1 1
Ta 5 2 3 5 3 3 1 2 |
Go 3 2 1 2 I 1 2
__Total 32 2 7 0 23 3 19 711 24 10 3 1

Table 5-1-8. Answers for question @), @0 shown in Fig.
5-1-1. Each area are shown in Fig. 5-1-2.
@

Arca  Number of | 2 3 4 5 Number of | 2 3 4
AUSWETE ANUYETE
Tsu 2 0 7 155 49 1) 3 0 215 0 7
Tki 4 0 3 393 1,354 364 4 364 1,723 0 27
Ho 8 8 797 346 462 248 8 0 1,855 0 8
Se 1 0 32 8 0 0 1 0 40 0 0
Ta 3 20 20 242 70 Q 3 0 201 130 20
Go 1 0 0 0 15 0 2 29 800
Total 19 28BSO 1043 1951 Gi2 21 393 4052 130 6]
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T—EHREVY), EREKES~10n (fhHX L D
V) TITO TV,
BRER

QEFEROEHLIZOUVNCIE (Table 5-1-9 : [
EHSIHK), KB OLI6HENE & LTWANR,
L LZIBHIRICBN T, B R AEZE D
HlRRAH 0, FRERIItho7T VY, ¥z, A
THXU = LR CRARICEB I TS L E
Zbivd,

Table 5-1-9. Answers for question @D, @, @ shown in Fig. 5-
1-1. Each area are shown in Fig. 5-1-2.

Area  Number of = Numhes of Number of
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F2 REMORE

TAY =EREZFNFIAT D014, e
SNDHREE, H, FRMEOHERNSNLETHD,
Fle, TAUVSEERCAY=E LTHREL, 4H
BHOBEORE STE I, S/BE20 6
b, ZOBEORBEEITET AL LEER

ThDH, I T, RIGRIZERITS 5 #KIZABT
ST RSB DRI DWW TR RRAT LT,

"M EH K

MEHZIE, BI3BTHEALELOERAW, &
ALY, YR, FEALONCATEREER (BEE) %
HE L, EFHEIEE (EREEEX100/AE) 2K
Wiz, IHIT, MOBLRERT DL &b, N8R
NOPREEZMH L, TREIC L 2FEHEEEIT
ST (F2E, 5 - BEXT 2008), £7-, A
ICHET HEFEROBREAET 5720, BEY
BEE L — b (Iwaki #8124 7507 = W% 157 X
172 mm) \ZAFERZ AT, BEZHERALC, +
SHE LTk, BRaER (T / VF8 CR300A)
ZRAWT, FL— hOTHBEIE LT (Fig 5-2-1),
BRI, AEAEHORBV AT AODHEIZLY
P L7z, bfEIY, BREFAOMIZRL, 7
T A TIIFEANATR,

EREHEB OBRE

ERIETR B OFEOFEEIY Kruskal-Wallis D75
ETHREL (P<0.05), BEZEINZD DD,
Steel-Dwass D E LI AT - 72 (B0 A = Al

Fig. 5-2-1. Gonad color measurement for red sea urchin. a: washing gonad, b: wiping off moisture
gonad, c: setting gonads on the measure case, d: crushing gonad by glass stick, e: measuring
gonad with colorimeter method.
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Kyplot 5.0), FHIXIZIIT HMEAOEEGOHREEE
X’ RE, BREAEROER - OMHEBEREGRE
Pearson DFEIERFREUC L WV RE LTz, £72, HHE
DEBAEILS % & LT,

BRELUEER

M

BHX DGR (% 5 mm) (X8 O R
ROV, ERER ST L TV (Fig. 5-2-2),
BHX OB OFEITIT, BITHIX « FEFHIX
TITEBENRD LR T2, TOMOFHE
MICEBEENRD LN (Fig. 523). £, A
BRI AR5 UL LT DL, ZHMK
75 40 mm, FEFHIXAS 45 mm, BICHIX, A HHE
XA 50 mm, PEEHEHIX DS 55 mm ChoTz, =H
X A/NEL, BEEHX A RKEN &1L, &3
2G50 LT RE OIS - —E L, o
WEORENRRENEEZZ DI,

Number of individuals
[ [} S [v.3
< (=] =} (=]
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Test diameter (mm)

Fig. 5-2-2. Test diameter composition of red sea urchin
for five areas of local populations from 2005 to 2007.
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Fig. 5-2-3. Mean test diameter of red sea urchin for five
areas of local populations from 2005 to 2007. Vertical
bars indicate standard deviations. Different letters (a, b,
¢, d) indicate significant differences (£<0.05).

SFIAERE

KR D8 OLEERL A Table 5-2-1 (TR L
77, TEEMRHIX, AHHX TIX3~ 8k HEFH
KCiE2~6m%, ZEHXTIE2~5m%, MR

XCr2 ~ 7TmOEEREETH T, &b
DLV VERNT, TBEMEMX B3R, &
HHX « hEFHX - ZEHHXKIZ4m CTho 77,

Table 5-2-1. Percentage in each age group of red sea urchin for
five areas of local populations from 2005 to 2007

Age Ramgnse Idida Nakipo hlig Fukus

Vour kM0SO06. I00T Totel 2005 XMGO0T Todal 052006 2007 Totnl 20052006 3007 Total 2003 FHG 007 Total
1 it 45 23 35

2 15 00 00 05 38 20 69 42 157152163157 114556 88253 1.0 10 150 57
3 164424516368 66131294164 10012.118613.6 371194196254 126402330286
4 104273200192 208202176195 293242221252 31.4157 363 27.8 194 12.729.0 204
5 179 61 84108 19815211815 286182233233 57 6521.611.3330127100186
6
7
8

231 30 1.1 91 132152127637 36167116106 00 28 78 3.5 107167 80118
172 7.1 2.1 88 142121 98120 21 61 47 43 29 00 20 16 155 88 1.0 85
82 51 21 51 94121 59 91 29 15 1.2 18 29 00 20 16 39 39 1.0 29
9 30 40 32 34 47 40 29 39 36 00 00 1.2 00 00 20 07 19 10 20 16
10+ 22 81116 63 76 6] 20 55 07 |5 00 07 86 00 00 22 19 29 10 20

&RER

ATERERY, HREWMEHX > A EHLX >
X > @i X > ZEHH#IX (P<0.05) DNEIZKE
Dol (Fig. 5-2-4), AFEREENT, TREEMHX
> A HEHIX - FEHIX - FEITHIX > =B (P

[~
&

@ n:328
g w=311
'8
15
& n=305
g10f =245 L
8 d
’| .
0 ‘ =
Kamoise Ishida Nakano Mie Fukue

Fig. 5-2-4. Mean gonad weight of red sea urchin for five
areas of local populations from 2005 to 2007. Vertical
bars indicate standard deviations, Different letters (a, b,
¢, d, e) indicate significant differences (P<0.05).
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Fig. 5-2-5. Mean gonad index of red sea urchin for five
areas of local populations from 2005 to 2007. Vertical
bars indicate standard deviations. Different letters (a, b,
¢) indicate significant differences (P<0.05).

SO g0 =210
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Fig. 5-2-6. Mean b-value in the gonad of red sea urchin
for five areas of local populations from 2005 to
2007. Vertical bars indicate standard deviations.
Different letters (a, b, ¢) indicate significant
differences (P<0.05).
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Fig. 5-2-7. Relatlonshlpgb(ey:tvz/een age and mean
gonad weight of red sea urchin for five areas of
local populations from 2005 to 2007. Vertical
bars indicate standard deviations. Different
letters (a, b, ¢, d, e) indicate significant
differences (P<0.05).

<0.05) DIEIZKE D72 (Fig. 5-2-5), AFHED
bE (B¥)IX, —EMX>REEMX - F B
X - fR{LHIX > HALX (P <0.05) DIEIZ K & 5
o7 (Fig. 5-2-6), R EE & ATEEHITIRE
- UTD, AREODbE (BENL, B
EBPRRbE - ZEMRTRE L, KR M
HIEK L O RN oA BX /NS Do 7z (Table
5-2-1), 7%, FEFHIK OIRIEEH HTT O 72 DRG]
LT AEFEERD b BN, #4223 LETH Y, L
TObLDIIEEEZIIEFHEE SN W, £z,
BEENEFROBENEFLEEZALDITED
fEASR X MERAFRD BTz,

BHIX DOFE & AR EEDOBRE Fig. 5-2-7
R LT, &R & biffamEiinE o4 7E L E &)

D RIFRIR R BT AT I SO BIFEAYFE I
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Fig. 5-2-8. Relationship between gonad
weight and test diameter of red sea
urchin for five areas of local populations
from 2005 to 2007.

REVEMNIERD HILEH, 5 ERIT6RELULET
BHEENRD DN ol £T-, BHIR O
YMORER L ATERE R ORBRIIZIEORINEE
bl (Fig. 5-2-8, P<0.05), IR OfaféoE
i AFEEOAY (b 1E) OBIR% Fig. 5-2-9 IR
Lic, &Hhe GEEMEMREZE bENKEL, 6F
T 6 BLL E THEEENRO bivizinotz, Lz
Mo T, THY=OFBIZEWNT, FEaflEOR
UWASHIRIEDS A & 72 DU R ORI LB L &
Z bz,
SERIOFEHRE D20 Tl bR DL - 7
AHEMRObEIE, 5HEROFTREL/NIMET
BT, SRIOMBHIEKERRZEIC L 5K 10m
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Fig. 5-2-9. Relationship between age and mean b-
value in the gonad of red sea urchin for five areas
of local populations from 2005 to 2007. Vertical
bars indicate standard deviations. Different letters
(a, b, ¢, d) indicate significant differences (P<0.05).

IR O S 4 (5 5 55 1), XX v b

B L, BERENST-N, BHRIC L BT A
1ToTHRILTWEZ &, X D7 A 7 =F

HADHE L Lz,

ot

FEHE OO AT, FRED 51~65%, BN 22
~32%, $REI~25%THY, FHXEITHOE,
DEIGITHEEETRD Hh o7z (Table 5-2-2,
P<Mmoik,%M§ﬁ@ﬁukﬁé%é%%
&5, A3 ~4, R 1~2 LR—% L7 (N
%« LA 1984, BF O 1999), —JFF, OB X
LR, AFHRER, AFERER, AHEOAY
WCEEEIIRD b2z (P<0.05), &
TR R - 7o B3R L C bR T

LEZOLND, TDTEND, BEOBMOE L B
TAE# S UCRIHTE L EI LN GBE -
= 2003) ,

Table 5-2-2. Percentage of the spine color of red
sea urchin for five areas of local populations
from 2005 to 2007

Spine color

i Red White Purple
Kamoise 59.4 32.1 8.5
Ishida 64.6 21.9 13.5
Nakano 53.5 29.7 16.8
Mie 51.0 24.1 24.9
Fukue 51.3 28.7 19.9
Average 56.0 27.3 16.7

B6E RFPH
AECIE, 3 EOME & B4 EOFRB LT
# 5 EH 2 ORI & 18 DN TR IR D
MRERRE—AERET VDB THDEITT,
IR BRI,

MR EFE

B (5B 3E) BIWNABYMORE (5 ESE
2 ) AT 5 HIX O 5 B RS J ORI
FEIGNZVIREMEHX, ARAR, FEHX
(Fig. 3-1) ZXRICERZE 23,7, 2005~2007
@@Mﬂ@*%ﬂmgu#&otﬁﬁ%@¢ﬁ®

\CHEE TREE (A (RIB R EY AR E
g)%%bf VB ORI R (E LA T
FE L7z (Table 6-1), 34EMOIYRY R EIETIREK
(2) BB D128, FEEOEFHEEED HXF

Table 6-1. Number of individuals in each age group caught in
the research areas, (Kamoise, Ishida, Nakano) from 2005 to
2007

Kamoise
Apge-group

year

3 4 5 6 7 ] 2 L] 1 1 i3
2005 255 2,808 1,787 3,063 23957 2936 1,404 51 255 0 128 0
2006 0 6,584 4,233 941 470 1,097 84 627 470 314 0 o
2007 0 6902 2676 1,127 141 282 282 423 986 423 (E1) 141
Tolal 255 16,294 8,696 5,131 4,568 4315 2470 1,560 1,712 736 268 141
Ishida

"Age-group
et
2 ¥ L 3 6 7 8 kA 10 1) 15

2005 10,745 18,804 59,098 56,412 37,608 40,294 26,863 13,431 13431 5373 2,661
2006 5.543 36,027 55426 41,570 41,570 33,256 33,256 11,085 13,857 336
2007 19,201 82,291 49375 32916 35660 27430 16,458 8229 2,743 5486

Tolal 35,489 137,122 163,900 130,898 114,837 100,981 76,577 32,746 30,031 11,195 2,661
Nakano
Agge-groip
vear -
2 k} 1 5 (] 7 B o 1

005 34880 2207 6463 6306 TER 4T3 (G TER 158

006 5058 4027 R2ISY G900 5674 2003 516 LU 13

007 4810 5520 6555 G900 JASD 1330 345 [} (]

Towl 13457 11854 21272 12396 9002 3906 1491 TEE 67y
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¥EFETMIHTIEIHET A, FHRES r
=0.98 LIRWEMMEERL, Z& U TR
0.338, A HHIX 0.392, FEFHEX 0.666 2345 HILTZ,
Fml, TWEHXOREBYORSERERAL, B
JEMHIRIX 13 5%, A ML 15 5%, PEFHRIE
105 & LT, BRFETIRE (M) ZHF (1960) (2
X VHEE (M=25/F) T5&, IREEMX
0.167, A HHEX 0.192, HEFHIX 0.250 258 HAL7z,
X5, ZOfED LIRERE (F) & U CIREE
HIX 0.171, A HEHIK 0200, FEFHX 0416, ifEE
% (E) L L, BBE#ithX 0.145, A AHIX 0.165,
REFHIX 0304 235 DTz, BRICET 2 /37 A
— X — X% 3 FE D von Bertalanffy D %
(Fig3-3) & B FRDOIEERZ (Table 3-5, ALK
28 10 {ERLLT OFRILET OFEROIERRZE)
EERALR, 2B, ThHU=0ORARE 12 A
(FB4E) 928, BHITHD6~10 AETITiX
REBTNNRHDHR, 6~12 AL CORKEIIIER
LTWAIENDL (B2E, JElk- BX 2008), i
RSO FIBEO THRRIL, 15k LT
ERICMEE e Uz, Fi-, MERRMGZRIY,
B ORISR (Fig. 5-2-3) XLV, BEEEMXIT
55mm, A BHEIE 50 mm, FEFHIXIE 45 mm %
BAL:,

TNHDORT A= —%FAL, WRED 3FMH
23T B R BRI ORERIU L, LT O
HREIZL - THEES NS,

FEMBEOWRBREL—FEL L, ORI
LROEREEEE NV, &l g EEER C,
BROWBARBEERW 1L TOXRTRT I L
NTE B,

C—N, @ -E (1)
W =C o (2)

LI TR IT e BEORAE (¢ EEO2ER
BDHL, WS L 72D IMAEEED 5D 5HE
&) &L, E£T, o 0 e ERICBT DIAERD
EEEFERER L T2, QIIBFRAEOEESHHAK
MIEHSHT D & LT, R 1 XETOR
FEERNORDD LN TED, —F, ol

& AFEREEORRN (Fig. 5-2-8) LiREHALD
ERHLFERR L P HROEND,

e G CORMITEHMICET LTS
b, DUFOREHCW L —F s
EHRL, ] BEEOREYIOBERE SRS N
+1 U TORTRIND,

N1 = (N—C) exp(—M—F*Q) (3)
ST, EFREBICBY AHEEWIZLITOR

W= th (4)

T I T kIHAERRA RS, [ IR T
HD, (1) ~(4) REfELZ LT, MARN,
ENBLOCERDDZ ENTE D,
RBIZHTET7Hho=0O%n%H

TBE X & FEFHIX OBREIR A X8R & LT-
A (EEEHET 1998, AT 2002) 5, 7
B =DOSFEE (Bm) & AERES5 (0~09
m, 1~29 m, 3~49 m, 5~9.9 m, 10 m LAEIZHEE
FTHEEBIL, BEROBET MV (TRICESE
B X ME~EAIZ 200 m) (BT HAKEX SR
FEBEDTEIHE & I T A v ORBS HER CTREAT
LA L D, MEERLDZ LT, BIHOK
ERSRIOEEEHE Lz, €2 T, KEREICX
AHEEEOHETE & 95% DIEFERM Z KDz (1
/- 4L 1999),

T, BRIGEANOT v = LR EBEE T D1E
BEMO SR EHIET A7, R 9 HIK OEHR
EFRERG L LRGHE CEEREHT 1998; 46
J JEET 1989, 1990; AT 2002, 2003, 2004, 2005,
2006, 2007; /IMERLET 2001; EWFTH 1994, 2004;
TEITT 1997, 1998, 1999, 2002; ILAEHET 2003; #Hifa
EHT 2003,2004; B - EHET 2005) 75, fHAHE)
Y (EEEHEW)) OSMEE (BEEm2) &7 0
V= AT XU =OSAEE (/m2) &KE
X458 (0~0.9 m, 1~29m, 3~4.9 m, 5~9.9 m, 10
m LA ICHEE LT,

BREER
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2005~2007 BB BB DOIEBEREDFMHT
TEIERRIG TN 2 | 7%, IRERICER L TREHX O
Fand LTCEHEL, Table6-2 1233 LT,

FHIRX D Z OHARIF O 1 mEEOIAE ARSI,
HEEMEHIX 20,700 {E A, A HHLX 587,500 fE{K,
HREFHAX. 52,000 A, 7= EIFRERENE, IRENR
HIX 120,780 1E{A, FHHIX 2,193,684 @k, HEF
HIX 139,743 AR L BHE STz,

WIZ, ZOFETRD S mIHERE RS
b LI, RERE (F) CIRERRMERERE AL
B GEOIREEDE{LE Fig. 6-1 (R, &
BEARK L THRERARERITL, REEThX T
55~60 mm, A EHX T 50~55mm, FEHXT
45~50mm & FHEIN, FHROWREERE LS —K
L7z Z b, AEATRIC O 7Y 71 E RS
Table 6-2. Summary of calculations of age

compositlion and catch amount of red sea urchin
JXKamoise

Age ([) W, (g) N, Ql C, W, (kg)
1 7.7 29,700 0.078 337 3
2 8.5 24798 0.506 1,822 16
3 10.3 19,244 0.908 2,536 26
4 12.4 13,942 0.987 1,997 25
5 139 9,965 0.998 1,443 20
6 14.9 7,110 1.000 1,031 15
7 15.6 5,071 1.000 736 12
8 16.1 3,617 1.000 525 8
9 16.4 2,580 1.000 374 6
10 16.6 1,840 1.000 267 4
11 16.7 1,312 1.000 190 3
12 16.8 936 1.000 136 2
13 169 667 1.000 97 2
Total 120.780 11.490 142
—Ishida
Age (1) w, (g) N, o C, W, (kg)
1 4.9 587,500 0.040 3,893 19
2 6.1 480,999 0.513 40,815 248
3 7.0 358,273 0.873 51,742 362
4 83 248,322 0.939 38,566 319
5 8.9 169,863 0981 27,582 247
6 9.4 115,205 0.994 18,941 178
7 9.7 77,943 0,996 12,846 125
8 9.9 52,707 0.995 8,679 86
9 10.1 35,648 0.999 5,891 59
10 10.1 24,093 1.000 3,986 40
1 13.2 16,280 1.000 2,694 36
12 133 11,000 1.000 1,820 24
13 133 7,433 1.000 1,230 16
14 133 5,023 1.000 831 11
15 13.3 3.394 1.000 562 7
Total 2,193,684 220,079 1.779
—Nakano
Age (1) w, (g) N, oF C, W, (kg)
1 34 52,000 0.040 626 2
2 4.8 39,836 0.698 8,450 40
3 6.8 23,202 0.961 6,773 46
4 8.4 12,114 0.995 3,661 31
5 9.4 6,236 1.000 1,894 18
6 10.1 3,204 1.000 973 10
7 10.5 1,646 1.000 500 5
8 10.7 846 1.000 257 3
9 10.9 435 1.000 132 1
10 11,0 223 1.000 68 1
Total 130,743 23333 157

Yield per recruitment (kg)

2,500 " ysida

2,000

1,500 |

1,000

Yield per recruitment (kg)

w
(=3
(=1

200

Yield per recruitment (kg)

0 : L " L " L . ; . —
0 01 02 03 04 05 06 07 08 09 1 11
Fishing mortality coefficient

Fig. 6-1. Relationship between catch of gonad
and fishing mortality coefficient in the
research areas, (Kamoise, Ishida, Nakano).

BEIZEAFIREIToC0B EEZ BN,
SHIR L & F=04~1.1 TRROBEENGE
SN, ZORRIE F=0.5 g LB L 72
oz, LER->T, F=04~05 OFFIZBNT
BENRERAERPFE LS EEZ BN, 3
KOWEERD FIZthU T Chole, ZDOT &
X, 7T =R OA BITHEENTER 5 ZERRE
HOEINBHEIIZNZ & (5 - HiF 1994) 05
BEOTEIC RN TWD DAL, BRTHEEW
MHEER Do TRV EEZ B3,
WIRTHA (EEERT 1998, LA™ 2002) 726
RKOTT T 0 = DIKFERNS A L iSRS &
OETRME 4% L (4R X E % Table 6-3 1R L7z,
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Table 6-3. Density (no. of ind. /m?) and number of red
sea urchin by depth in Kamoise and Nakano areas
-

5 Research point Density Total
Depth (m) _ Area () number (o of ind/n) number
0-0.9 80,091 2 0.00 0
129 163,451 5 1.20 196,141
3-49 253,349 12 0.92 232,237
599 542,657 22 0.91 493,325
10- 475643 3 1.67 792,738
Total 1,515,191 44 1,714,440 &= 484969
Nokano
2. Research point Density Total
Depth (m)  Arca (m') number (no. of ind/m’) number
0-0.9 23,333 - -
129 180,833 6 0.67 136,111
3-49 176,944 3 2.00 353,889
5-9.9 344,167 6 1.67 573,611
10- 416,111 3 1.00 416,111
Total 1,141,389 I8 1.479.722 + 749.789

MBI AT 5 EIRE ST EHXA 170
FEE, FREFHRR 150 DT @R CEEXE ORI
ETHIBEEHXA 120 FEER, HEHXR 70
TifEfs L HEE &, EIRZET L 7 s S g R A
% (TREMEHIXAT 12 AEE, FEFHXK 14 5
fEER) £ 02 K&V, MGIHEEMEE L&
TR ORI T TS, EBEN/NINTD
Lo, EMMERR N ZIGIC DT> TNA T LD,
ZOROBEFRRENKE S EDLLRWERET D
&, WX &S FEICKE I~ m TRIEL T\ D
L (BLEE 1) EFEBROEEIMEN (b
EREY) 2>2F A O RIF (EFEEEHOREY

IR ABIR L TE 2 TWA I E0D (REEH
), O EERIE, BHO—EICR LT
HIEREBEZOND, —FH, BRNEEEDORLE
30%% 5D 5 A AHIRIE, EIRZWT LIzt s
EIRHETE 219 FE A & BBEHEMX, SPEPHIX D
18 15%<, 10 m EOWSEE TIA<FIAL T
WAHZEND (BES5EE1E), BATRLT Y
=OFFRGEEEN AN EEZ LD,
FIFENOT B o =R IO 56T 2R
B O YRS ERDAEEIL 365 gm’ T, £D D
HATHXRT = 156 gm?®, 707 =) 38 gm’
TENBRICBWTHEREWIO 1, 2 LO5TE
E %R L7z (Table 6-4), 7 7177 ={3/KIEDENZ
ELTEENEVMER S R L7 (Table 6-5), &
7o, EHOAREEIX 0.9 B/t L HEE S, AR
D05~1.01E/nt (FBHES 1980, 1993, KEH 1995),
FRZS)IIRD 0.8 /i (53 - 1 1994) &1TT—
BTz, —F, L7V =iKEREWVIEES
FEBENEVVERS R oA, FHEEIL 4.4 E/d
EHETE Sz (Table 6-5), BREET B ARRER - (W)
BHAREZ— (1994) (LB k, TAhU=0
MR8 L Fp o TOVRWRATE & AR &

Table 6-4. Density (g wet weight/m?) by depth for sea urchin and snail in Nagasaki Prefecture

Research Density (g wet weight/m?)
Depth (m)  point of peoygocentrotus Anthocidaris Hemicentrotus  Tectus Astraea
number g, U crassispina Diadema spp. Icherrimus ramis h traga s o
Dressus pi pulcherrimus  py aematrag
0-0.9 31 8 170 31 24 17 40 67 356
1-2.9 119 22 165 57 9 37 31 69 390
3-4.9 100 36 161 28 10 39 43 64 381
5-9.9 110 43 183 15 5 42 26 64 379
10- 24 79 102 31 15 17 74 320
Total and Average 384 38 156 32 10 30 31 68 365

Table 6-5. Density (no.of ind./m?) and number by depth of Pseudocentrotus depressus and

Anthocidaris crassispina in Nagasaki Prefecture

Density (g wet weight/m?)

Number

Depth (m) I%esearch Area (ha) Pseudocentrotus  Anthocidaris Pseudocentrotus Anthocidaris
point number
depressus crassispina depressus crassispina
0-0.9 31 509 0.58 7.23 2,958,101 36,811,923
1-2.9 119 1,412 0.66 4.42 9,375,550 62,424,548
349 100 1,873 0.99 4.17 18,539,031 78,088,646
5-9.9 110 3,988 1.17 4.23 46,768,879 168,585,492
10- 24 3,942 1.33 1.83 52,554,795 72,262,843
Total and Average 384 11,724 0.93 4.36 130,196,355428,699,518 418,173,4512+48,923,103
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Table 6-6. Density (no.of ind. /m?) by depth of Pseudocentrotus depressus and Anthocidaris

crassispina in Mie shown in Fig. 3-1

1993 2003

Depth (m) Research  Pseudocentrotus Anthocidaris Research  Pseudocentrotus Anthocidaris
point number depressus crassispina point number depressus crassispina

0-0.9 2 2.50 6.00 4 0.00 16.75

1-2.9 12 3.90 6.90 8 0.50 3.63

3-49 7 2.86 5.86 6 0.50 4.67

5-9.9 7 3.00 3.20 6 0.17 3.33

Total and Average 28 332 5.65 24 0.29 5.14

FFIROAKIE 20 m LIEOBESGERE (77 AGE N
ZEY) 13 11,724 ha L HEE STz, T OHEEICE
NOWBIE 299 7 A BT D 5 KIER 5y DE|
B LK RIS ERR LD, TAD
= 13,020 AR, ATH %= 41,8173 HEE L
HeE X172 (Table 6-5), —75, 70w =ik
9,917 kg (55 5 FH 1 #) % 5 X THAEEE
8.0g (BELEFE 2H) ThHT 5 &, RIFROMEERE
Bix 124 HEEHEE SN, €-TC, HEEEFRE
BOL%LIEEL THRNZ EITRY, ThY
ZIHMEFIREREE 2 LD,

Tz, FETIEHE L7z 1994 £ & 2004 SEOHE
EXHRT 5 &, 1994 I, B % BEAERT
H AR ) aX Y ETENGML TN,
2004 FIZITWE L bHER TE b ole, —F, A
TH XD = ORHEEICEITIEND, ThHY=
DRAEEITR 110 (22 L (Table 6-6), 2008
AT AT ORI E A Ed T, &5
(2, 2004~2006 4R (2 Y IR ZFEE i L= T 4
TobliFEAEERTE o (EED
2006, 2007, 2008), fHIKIZIWNTE, BEHEOFE
BENATLTC, THU=O&RNED LTHAHE
REMED B D,

B7THE REBEER

FHFETIE, THho=&REEINFHT 57
W, £, FREEERAOZIR AR LD
BA%S (55 2%, 558 - B 2008) 21T~-7-, 2O
FIEICKY, RANSHXOSE FI3E) BLO
FRBICBIT A (F4E, - ZX0 2009)

DB R A INET 5 & & HIZIRPNIEET R
BDT ol — NE SRR 5 IRER RGO
BYRE B0 IcXDT7 b =nifEERD
iR L EIR2E (F6 ;) 2{To/bAh, Th
UHERABR CH D EE L DIV, ZOER
ERAHTB1-0120%, kD 4 >0 BLH73
’ELRLT,

1. RS EOBRE

(1) KA ARBOBAS
BIFRICEBIT 57 v =OFRI, dhaEx e
EIAGER A FEE 70 (B 5EE 1 H), FIAHX
WBWTHEGONREIN TS (B6E), £2
T, FFIFEHOBERO=OIZIE, g E
EORMEERNTT 52 & ¢, BRAL LTHIATS
AFERDOEESCEFEDORENMEOLM L, &
TROGHIKRIIG Ul lfivh GRIBIRE, BokaRk
EHEEATD,

(2) XRBHOER SO - HIRMIZfF 11221

[0

THY WERT O RESRTL, M biEmRE
CREELHFEL, EHNREERIT-o TV
BNEN (BEEF1H), £2C, KEENOE
SN HEBENT B 7 = ORHEE G LR
FREDFIESE LT, BEMBOERRH S, L
2L, BUREDABERICAERT AT U R
oY, RERIEEZ T OEREENPLEL S
NTEY (B 1998, JHFH 1998), 7 H 7 =0D#H:
EHM A PERT DI, MR OFERER D2
B2 HNERD D,

(3) MEREICLIEREDERHEL



ERE—  RIFRIGRICBIT LT HT = OEREYFEIFF

& - RRBEROT B 7 =13k CEENPEND
EERZ =D, FIRABHEEINLTWD (B5E
%280, T 2T, BNV O FRE L TEREL,
EMLEN D 2 & T, AMBEOBENPTEESND,
2. I - FEERORR
(1) InITAEH OB

RIGRICRBIT 77 =1, RB%ROREER
FRENL CLe & HUERT DA IAEE TH S5 72
¥ (5 EF 1 H), FEOEREOBEREICE
VY, INTAEREAPMET L, v =HDIRERN H
RENTWBZ EREZLND, 2T, FIAD
(RED 7o OITIIF LS OHTTORRIF B (&
EhE ) O FACIREE R 1 EETICEN L TR
BT 2 2N L5 O 2 a2 08N H D,
(2) HBrRH DTk

HITTOBREEE T L, EE - FUBICRRA
HEHDOT, FMEEDZDIZNE, BRSCEHES
DFRIHE Hi~D HFT AR OBIH S LE TH D,
3. EERROER

AR TR OGNSR THONI -T2 L 91T,
FIREDROEREABIIERICRE L, BEe
RA~OREERIETIE, EIFRERKODRP TR L
25, —F, BOVEINENED (RIEH 2001, K
TNLS 2001), HEEOBERD T/REWNWESE
Z 65 (A - 2L 1975, KEES 1998; BE -
2011 2002; FEES 2008) ToH =i, KESCH
A O HEBNTIES RSO ZITV, £OM
BORERBE A RO BRER-CBEEE T XHREIC LV e}
REAZEWL, EREBROAEIMENT 6 Rk T
T2 Lok v, RRBCEOAEREOS &
EMMEESND, S DO T =FIT/R0N6~9
A & COEMEMN T 2882 £ L TES
BT NVEA~EAE T =L LTORIABBRF L2V,

DX DT Iy = OGIREMFHIRHE LIS
LIRSt E 77 v MeaAagbehid, £
DRI RENEEZ BND,

4. EiBEE

BIFR CIIKE BRI & 54 B BRE-CRREHESE
DEALHE LV, FIFR T 1998 LI, BA%E
W77 A, BUXREOREHGEIAICZNE

TH- LI B REIERIE DB RIC L 5 FR
DAFERNTIE L TWD HFIL D 19992, 1999b,
2000, 2001a, 2001b, 2002, 2005a, 2005b; FEA 5
2000), ESEH TR LTCIBIRO T U ¥ =& IR
LTRY (FE6E), RNOT I U =&RITEZD
FBE LB L TOWBZ EREZBND, &
T AU =RIREREMITIERT 2720121,
EAREER OB A L & HICEERER L AT
LT _RCOMERE, 720> CTHRNBSEODIE
B (BEEM) O 8% E05LT7FFr=b
I L OB HRERI OEENEEN D,

C 2 &

TH =i, BIFRICBOTEBRERE LT
BEETHY, GREKODE L OREBIRIMT
DITNDER, BIREMFRRMBITZ LY, £
ZT, EFBITRIT HEECIRNA 5 HIKIZ R %
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Summary

Fisheries Biology of the Red Sea Urchin,
Pseudocentrotus depressus,

in Coastal Waters around Nagasaki Prefecture

The Red Sea Urchin, Pseudocentrotus depressus, is
an important sea urchin in coastal waters around
Nagasaki Prefecture. However, knowledge of fisheries
biology of the species have been beggarly and the
practices used to manage fisheries have been
inadequate. This study was carried out in order to
clarify basic knowledge for biology of the species and

actual situation of red sea urchin fishery, which are
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necessary for management of this resource. The results

of the study are summarized below:

1) Age Determination by Rotula

Growth rings were clearly visible in rotula of red sea
urchin by heating at 350 °C for 10-180 min. After
confirming a single formation of annulus in a year
from December to January, I confirmed that growth
rings in rotula were useful for age determination of red

sea urchin.

2) Growth in Coastal Waters around Nagasaki
Prefecture

The growths of red sea urchin were studied by
measuring the length of rotula annulus. Specimens
were collected from 2005 to 2007 in five areas of local
populations. The test diameter in a given year from the
birth was back calculated. The von Bertalanffy's
growth equations were then derived as follow:

Kamoise: 7D = 74.79 (1-exp (-0.415 (n+0.218)))

Ishida :7D=66.32 (1-exp (-0.489 (n-0.107)))

Nakano : 7D = 66.02 (1-exp (-0.489 (n-0.375)))

Mie : TD=53.91 (1-exp (-0.562 (n+0.151)))

Fukue : 7D =59.63 (1-exp (-0.599 (n-0.145)))

TD: Test diameter.

3) Maturation

Seasonal changes of gonad index (GI) and gonadal
histology were examined to clarify the annual
reproductive cycle of red sea urchin. Samples were
collected in shallow waters at depth of 3-5 m in Hirado,
Nagasaki Prefecture, from May 2002 to March 2005.

The GI increased from March and attained a high
value from May to October and decreased from
November to January. Histological observations of the
gonad revealed that oogenesis and spermatogenesis
started in September, and then the ovary and testis were
filled with mature ova and spermatozoa, respectively,
from November to January. Spent gonads were

observed from November to March. These results

suggested that spawning season lasted from November
to January.

The biological minimum size was 24 mm in test
diameter, corresponding to two years of age for wild
populations, and one year of age for hatchery-raised

released populations, respectively.

4) Actual situation catch
Questionnaire to fisheries cooperative association

I carried out a questionnaire survey at fisheries
cooperative associations which exist in coastal waters
around Nagasaki prefecture to obtain information on
the actual fisheries of red sea urchin. The result showed
that red sea urchin was caught in all waters off
Nagasaki prefecture other than the Ohmura bay and
Ariake Bay. The total catch of red sea urchin is 9,917
kg in coastal waters around Nagasaki prefecture.
Hokusho area and Iki area accounted for 81 percent of

the total catch of red sea urchin in Nagasaki prefecture.

Characteristics of landed urchin

Test diameter, gonad weight, gonad index, color in
the gonad, spine color and age composition of red sea
urchin were surveyed from 2005 to 2007 in coastal
waters in five areas of local populations. Mean test
diameter is 49-68 mm. Mean gonad weight is 4-13 g.
Mean gonad index (GI1) is 9-13. Significant differences
were detected in size and GI among five areas. The
color of the gonad turned worse with aging. Most

landed ages were three or four years old.

5) Stock assessment

The stocks in the Kamoise, Isida and Nakano area
were assessed using dynamic pool model, using
population parameters obtained in this study. The

results show that this stock is being under-fishing,

6) Effective utilization of resources
It was suggested that red sea urchin resources in

coastal waters around Nagasaki prefecture were low
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use resources. For the effective utilization of resources,
I think that coherent system from fishery to the
processing and distribution is necessary. In recent years
an environmental change by the water temperature rise
is remarkable. Because the decrease of red sea urchin
was detected where the algae was declined, it is
necessary for effective utilization of the red sea urchin
resources, to recover the algae ground, to control

amount of herbivore and algae.
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