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47 THA4 Perinereis nuntia (Grube) 3B B%FI Annelida. £ %44 Polychaeta . #
#HErrantia .o %4 $ Nereidae KB+ 5449 T, ABDOL b £ Tylorrhynchus hete—
roehaetus (Quatrefages) , ='#{ Neanthes japonica (Izuka) Yy N, virens
(Sars) UF73 %4 Nectoneanthes oxypode (Marenzella), REF +54 ¥ # #Onu—
phidaeDR 374 Diopatra sugokai Izuka R4  *#tEunicidae D4 74 v Marphysa
sanguinea (Montagu) MEL LHEENPERER T D, & KABRRAEBOIITLN
ROTRECAML, RBIBFHRC L6, PREFERFEREOMTEE IR TEL, & DdlS
BHEL, HRERTPPEATRRAFAV A, Yx VA, ERWHCRRFTHL, 4 ¥THA,
BEACRRFT LAY, 4 v HF Ly, BERFTRA Y ThA, ANBATRRFITHL, 57 5
INTWD, EFOFREMMICHE, BT THEBORESMML 5RAE. FRCHT 38
BB K MR ORAPEY Tic k - TRIGPERBOHEL, 1965 FCRHENORRHBEL bd L
S ole, TDRDT7AHITHA ({R¥H) Perinereis vancaurica tetradentata Imajima
P4V LAYREHREDL LHA SR, BARRBREERH 1,000 b YCRATWS, 74T H4 1%
17394 OREBE LTAWON B85, PFBHRSD7zd, 4V 3 H4 OHBRICK 2 XBLHEF
EONDLICEM oI, LEDE SABERDT CHELR 1967 F£0:64 ¥ I H4 ORUBHCEIT 55
RICEFLE,

1374 DEBCET 2REBTOFERRR, BIO0ONENASERCHT sEABTERS
B9 sHECE<bh, BNVsEEHTAOH D TOL BEFELONT, BRART®R=gRTc
DEFHOER £ EMACOWT, 88 - 5E REAF LABECONTEREREEL T, HE
TOERELT, BB CHIED s EHOBFE I ONT, #Y CHartman—Schroder® #@iEE
REARBRICONT, TRERHEL T3, BEERM VI h/ L BRBOBB &G LtBRTOAES
@R, £ERLSREMEBEALHICL, BERBLTR - AER0 5, BREBEHOERLELE
0, BEFEYRNLE, 2B XREGETD ORRLED T ¥ T 74 ORFAEBL RAUCOWTH
ARCRED L DTH B,

CDORRRVBIORED LY 5T, WMARZEFRITRIE RO K EAS KR HE S RIS RS
WBO BB 2B - o, T, BUAESYES BRETE. ERAEALXTHFENS. B8 HE
VAEE (8) . RBAFEN— LSRR KEXFERABEB R, AFRCY) EHTEHEH
BVRFAERXRODMELE - 2, 35 TARN KERRSHDUSE, BESATERRE
(BRU%E REHERECRFRLESAOHBH Y VWL Wi, ThEDH « DEFEMICH L Thdb
BiLe ki 3, '



. ¥ 8 & K &

3HEMBCoOWTIR, ARBORBHRCEWT, EEORKZHERA). 8#B). BHC. BLD
RUBNEREX ( Fig. 1), KBTI B4 VT h4 OFHHHERL, BBL < OBV K/,
TR OB LBAIHA~K, £BPHomER, A, B, CRUD O£#BXOMBH AR LEE IEA.
KROUWEIRCH 5 EME iulE s L REROR XS 8EA (Fig.2 ) #&J, EALCONT
WEEYUELEEIARBEC L - TERYA~L, EKCOWTRERD{LEHERY b#~K,
¥, BEHACEWC, HEREAWTIdRDA VI h4 O BBRERECBERY RS, RIF LA
VIhA EBRE OBFEERF L,

N G| 347 40'N

34° 20'N /

135°00'E
135°20'E

34°20'N

Fig. 1. Map of Sennan district of ' Fig. 2. Tanigawa research
Osaka Bay showing research sites(A—E) site (E), where eight satations
for Perimereis muntia. A, Tajiri; B, were located for environmental
Tarui; C, Ozaki; D, Tayama; E, '  research on P.nuntia. ©, Osaka
Tanigawa; ® , Tannowa Tidal Station. Prefectual Fisheries Exprimental
Dotted area, Osaka bay. Station

ERERICOWTIR, 1967 ~ 1969 Fieh X ERE L, RRAEATRHBL CEHE ( spawning
form) Lo kmtbe AV, XEBH L THIN, BRS¢ BOZRMRT BRCER S h RSP
LI THARENT 5 THAEL, TOMORH,. BARE, RERCBEH YRR 2, RHR
B, BERCTEBHAL, D, fFh (larva) @ H{LEIERIN E COEKEF LT D BEE, #
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B (juvenile) : EHEZIRLLTI0HELILVEE, FH (young worm) : HBAECA 534
BEVTERE. RR (worm): BREFELTLV, SEREWTHE L TCOFR LT ZRGET. Th
ETHEKE (atokous form)eHINTWBEFE, EI¥® (spawning worm): ESSCEHL T
EE0bREMURET, ThECEME (epitokous form) EHINTWEEBICH T, %
B DRACE 5 GROMEC i3, ERRESMPET 20T, HiRtr~) VISR CEERDIOY
Awvig,

BESNETRI, B B KT OB MRERKN Y ENN & UTHE KB LEIN OB, BR OB
KR EEZIHE DEPFHLRN L, EPROLTCHHOBERIRT A FI 5 A REFDE
BRI SO0UDHEY0.1 ¢XCHELLME Bhetd]l ~2@46¥B L. ENTHLYHEEL,
R4 KT 7 A FELIWEY BA, EMRTROBEOHEY T L CHE | EEOEIE LNERY
R,

RE X, ORRORBHY L HETE, OENAN & ZNEN. @Nis DRER T CORNTRIEERME.
OSBRI ER L REHE, ONOREBEERCHERR ECOVWTOMAEX B LD, Z=0%
BxRACTEATHTRBRETE o £, ORKAR & ORI CREROBKERRN R U AT B
CENNICOLERRY, ORBHEDOBHHEFKEYXFEH L 40 ENNRCENKEOKBLELI €
Zh, BWK X 5A TOENERE . ORTH, KRB, H7. BFHKA,. COD . EENEX Y
CRT3ECEY, OREEORREN, SEEARRCRAARS BN 5L UBFtE. £BR, K
REEHA~THTFAEN Y, $RETHYREL TRETEY, OROO@THERERICESNT
MAVREFERLZITRV, BEXNRETE L HERLThERRBLE,

BRI, £EL, EWEBRCRAETETCROACAREBELTS ¥ T4 OLEEXBRNTER
FAETHIMEVREE E ATTERMERCERYERTBCBRL CTAET 5 ERTERMECS T,
BRORBLAE, ENE S, FR-BEOFHF, FROAFTRUER (KE) ORTCES LTER
BHERERLE, 3, AR THONLEREOEN SR ERMEDOERE XL L T1,000k
EERGCN TIRABROAE, RRCHAOHERTELXRIL 2

2, &4 % & B R

4 7 3 h4 DHRBGrube 5 1857 ELEBRL ZDOHKRHD L 5T, RoEDA ¥ T H4 £DONWT
121879 EIcMallenzel ler SRFICHE L, TOH, SHOWRELBERFBCREL2BACD
WTHBELTW S, Imajima” iz 1972 CRBED T 14 8 ($) OBBC oW TERREZT AV,
Z DR TRBE I Fauvel 435 1932 M) £ ONEH OB LB FI0 GRS L 2 BEED vallaia & bre-
vicirris BHHFLTWAHT LEXRBLTWVS, BERKEHT I A HTEBELTRAWLNR, 5
PERBRBIZRACL TS L5 TH 24, ARRTREEBEOMIC 2 . 3 0BERAMINE, Tk
D, ZFRTREE XARCRTHERM 72 H4 (P mntic ) | RYTHHERA 4 VT Hh4
( P. nuntia var. vellata ) FUFA+4 7 3 h4 ( P, nuntia var. brevicirris ) LEHT BT &
ELk,



AV IThARBOTHA FLRAPIe, MBLEMNRLREL SHBHRRRD, RROERILREBIM
-k T, SROBRHLWER 1S LM, BEHWM,. SERAORBHTRBLYRLTES
( Fig. 3) , BERFASKBE, HAOKNKBELYERL L TWS 5, £RMOERIC L - TR W
DL BRIENSDRDH D, h&iIX50 ~ 80 mD b DHRHVA, AR TX ST R 158 ma

°. BAER&D01L5/TH -7

# RN, ARRCRSCS D bh, BER
I2AT 03 (prostomium) & BB (per -
istomium) X 0743, BiIDERZIE=A
BT, BRIk 1 X ORRMEFE (tentacle)
550, TOERRELTW S, HIREOH

B

atann

(ke
i
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(e 181Y
!

B (R ===

HIC 2N DOMH B, AREICRYNSY, Fig.3. Creeping (atokous) form of P,
FOEMEEOLCHILECET S, MOE nuzntia var. vallate, dqrsal view.

. FRCHRRE OOV 18 DK EIR

BF (palp) 3B D, TOEMBIOEINHRL VBHLTWS, ¥/, BOHCIR4HOMEWREA
(peristomial cirri) 2359, RO 1 HRBRIEL, BHACEHT LR TBHCET I &n

Fig. 4. Head of P. nuntia var.
vallata . A, dorsal view; B, ventral
view; a, jaw; b, maxillary ring; c,
oral ring; d, prostomium; e, tentacle;
f, palp; g peristomium; h, peristomial
cirri. I —VI, areas of the paragnath.
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AEORBE L SN TW3, VIR AH
TEAENTWIHBMELES & ST
BEIHT 5, BHROMICEWT,
BB (maxyl lary ring)
BERRIOE (oral ring)F I
bh, RO EHICR+F VKT,
A BB DI SRBEBD DOV e
ROXEE (jaw) 1 A5, Hise
DBRICR* F VB ONEK (para—
gnath) BENRENR DTN, 7
FhH O BRI 1 B a8
T55x0bEBELHBET, FE
EBRRG I BRTNWS, 41 VT H
AD0H IR (FRTEFR)R1E
(el 28, BIK(BIXD
) R Zh Ehfd 0 3 Flic 23~
25, BIK (FEREEPR ) 26
RORFH#H30ME, BV (H1
K OBEM) rehehg=fAfe 30~
35E, BVE ( o&aFmEPR) R0
~ 68 (FHMERER) . BIX(H



VEDHM) RehFhil15lce~8HE. UK ( 0 @HEEPR) LHERK (HIXOEM ) 3 HHEL
T2~ 45 TN EREFENTW S, &/ MHA OHRBRBENE LD AR VWEBERY L BEYHEET
5%, X OMMOKTRI<THMAEY TH 5, B NKOPEN DR &£ DEF (5 1 FIOKREF )
REBZFHLEOEXORETHS, (Fig. 4 ), '

HADORMBRBL L BiBEOEH» 60, FERHOHACIZVIZR (parapodi um )43H TW 3,
ERBRRROERCHEALTH O, FHRORARETR 154 GEHEL bz, WERBREPD 24
o8t i (uniramous), Thi D BH R —H¥ (biramous) TH %, HEBWIROTHEFR
(dorsal cirri ) &gk (ventral cirri )iZRE (ligule)k 0 ML, REDEHRIF L,

B DS AR EHF,
ROFIZICE 1 KDORH (aci—
culum) &EIEK (setal

lobe) 8355, —HHVIZRIZ
FR# (notopodium )& HE
£ (neuropodium) €43 5
h, FREcCATHARS, BHE
Bk fEfgsand+5, FHo
R ATH ORI TREREE
ML ORI D0, KO
MO DIREE L R BEM A
bhd, BHEORKDREIRL
hEh 2o 0, SHED
HORERBAL, BB
PR > TER > TV B, BHIIZ
HEHOIDLFARCRET,
FRELEREICE 1 FHEE

ARDFEH (oblique masle)

6HTHD, ¥RH (noto—
podial aciculum) D%H
RERED LT ORE DO FiHEH
DiE< T, BRH (neuropo—
dial aciculum) D%k
BREDLRE (superior

ligule) DM ThEhi
T5, BRADOWIZRERDE
(e, ERENDOBIEERSDD,

FRAH 52 EIE (motopodial

«e
oi}b
S——
)~
—d

Fig. 5. Parapodia and setae of P, nuntia
var. vallate. A, first parapodium; B, median
parapodium; C, posterior parapodium D,
homogomph spiniger seta; E, heterogomph
spiniger seta; F, heterogomph falciger seta.
a, dorsal cirri; b, notopodium; ¢, neu—
ropodium; d, ventral cirri; e, superiorligule
of notopodium; f, inferior ligule of the
same; g, superior ligule of neuropodium; h,
inferior ligule of the same; i, setae; j,
aciculum.



setae) 23, BIR#M 2 5iI2EIE (neuropodial setae ) 2349 % (Fig.5- A.B.C), BIERBiE;
BWER, ZHEBWIER & S TXTHBEEIE (compound seta) T, & (shaft ) & TR
(blade) 7> B7r %, FIEDHBIRXIZHEBOEMHE ( IRBL A ) HHEFXEEIE (homogomph
spiger seta, UTFaB&igit), TR/BOLHESIEHKRLERE (heterogomph spiniger
seta ., ITb Lo ) LIEABRAXHROEHE (heterogomph falciger seta, LT c i
EBREE) D3EHH O, HEBEWERTRa Be cH, ZBREVWEROTWRE R aHDL, BRED L
Rl oH2HERafle cB, TRANDDLIDRbEE cBTCHB, TXTCOFERTTREDOTIH
Hlcikic o gtiRERh n#EEL TW5 (Fig. 5—D,E,F),

RE MO R 3 5 BILE (pygidium) T 14 ORWIRR
F(anal cirri) 355 (Fig.6),

A VAV THA LERFA VT HA DERRRE VK O/NEH 5380
ER=EARCIE, #ER 1HE. B~ MEO/PNER RHHEHL
Fic, #ERARAUCTR TR 3FCEAZI D Z & CREIZh,
A& A B DA CREIND Z LABED SRTW5,
Paik® RBEEOA V= H4 OHVER 0 ~ 6 8ONG5 Fig. 6. Posterior end
Bodoh, L{CIPORCIEIFEYORFIERxAbhBZ &, of P. nuntia var. vallata.
E B~ MEONEN R 2 ~ 4FICHE, HVE LN~ @ Parapodium segments; b,
DNBHH & EDEFIORA bLHIORD b5 L, g PYEIdium; ¢, anal cirri.
OBZRP. nuntic DREAETHHLBE LTS,

KRBORED S bERBROBINTWAHED 5K (Fig.1) €. 19694 118Kkc4 vV T h4
DOFHRERXTR iR, A, C. D, EOFME TR ¥ T H4 53BDHShicsi, BCREDLHK
Bholt, BRI NIRAEIL 1980 FOTHAEC, HEFICHATL TENILER, ALCOBED
RAFLDEEOHROEAFTRERD L 5 CEBRRARCINOERHSRA O, A - CEEBHEN
. D - ERRSEENYEN L, ENEOMRE (ZENR) €OWTHE VEDOMERKE TOBTIRR
AEASER, A CHRBRI12Z2BGO D, 1EFSIBEGE(T%) . 2EENTHEE (6% )
3B 104BHE(86%) . AEER 1EE( 1%) & brevicirris DREEEX 5 LDORKED %, .
D - EFRBE 259 B4 55 1 @R 252 B4 (97% )., 2ERS0EE, 3EHRTEE(3%)
ToallataDHEEEYRZ 5 DHEKBS D TWiz (Table 1), MK ORFIER I 2BEH T 3R,
SEHTRAH, TLUTLEHTR 1 BiH60h, BECET L SBRABMHCEVE RS bk,
Er kR e Imajima OER? 16, 1V T 44 CREMMBARCINOEBSRES 2 BH»3H
0. BVRENREKF OB 67 EEN Y EMT 58 vallacad, FYGEINYEM T 5F brevicirris D
HELAZLD JDHEBNE VLD, AEDFHCONTHRBRY KR BD VR ARFRE L Lk
BWCREACHET (#BIR) CERALTWB LWL 50, BEONMEBRCRE LIBacRkWwFfnn—F
DERBLTWAT LiCh B,

ESVRARCIOEE, 60 2 BILonT, 485 RAERH N CRAHLT VA5, LM T
fREESHN TV 21k (sibling species) TH A LHERL, ZAROBIXDRBROKE, BFHEK

_6_



Table 1. Local variation in the number and pattern of paragnaths in
area V of P, nuntia , showing number of worms (percentage in
parentheses) obtained from each research site.

No. of paragnaths 1 2 3 4

\ Pattern '
Research site?
A (Tajiri) 5(8)[1 0 1(3) |0 52 1 18D 1(2)
B (Tarui) : - - - - - - - - -
C (0Ozaki) 4(7)[2 1 1(8) |1 49 1 083 1(2)
D (Tayama) 82|00 0 o= 0 5 0 0(6)| 0(—)
E (Tanigawa) 1709®{0 0 0o(=) 1|0 2 0 0(1)] 0(=)
Total 261 7 111 2

1) See Fig.l,

g L 3BT PHORBOLBEYFRELTWDS, EERBRDOENTHCINT, D - ERFCIRIIHR

SR OEK PNER O SER IN 50N L, A CETCRESKENGEHINZZ LTS

TWADT, SRAMEOFNHANNBERCRECERIUBEORBNREINIRETHHLELSD,
ARETRIPOERSBRIT I 2HLRUOERNDA V1 VI h4 ( FREESNENE) LRF4 v T

hA (REEMEME) LHTdT L,

Fig. 7. Characteristic features of the spawning (epitokous) form
of P. nuntia var. vallata. A, animal in dorsal view; B, parapodium of
first segment in female; C, parapodium in natatorial (epitokal) region
of the female; D, the same in the male; E, slightly heterogomph geta in natato-
rial region.



r3, REBEIET B4 7 34 ZiEEER» SOBEAECESLBRICTH L, ERNCRRE,
FE.AVE, TTVHARE, A-RbF V¥, =.—T-FVF, 7 OBRTERSATN VD,

ENR OB DR LS OFHHRVIER 28D TPPERL, R LARORLICHLL
ERTh 55, BEOGHRIWVIERY D THHRATRCERIh, ERICHEL ZHBEX D, AR X
- CRENROGHHYIZS{ B (creeping region, fEFEpre—epitokal region) , HHEH
ikl (natatory region, #¥idepitokal region) &4 5, EINRZERK D EEiHT
HEET 20T, BRIEIRAOH 24 LB, #Hh
R 1L5ME LB, ENAOREBRREKXE <KD, of [
B DS ORBARIRKLS KD, HEKBHIZROFHIER
Bozs s & dbic, TRHBAELCIFEFTIR
WO WR DY KEIE & x5, BN X HEHEDIRER
BRI, ERFASALET, RESBVIE
RGHHIZ14~20 (£516.1£090), F1~6
WIZR OFBEDBASEA S (RR TRARV-FE
®) ey, BEERBWEROEBA TR 1 FlcH
ET5PIVABERORESRD D, BRRR=EA/E
CELS XD, TRELEBK OB 1 FXDREWH
SR ORBOMWEER O RESES 5, DK
BRERET, RS BOVIZREHHZ 17~23 =
(F#194+112), B 1~ TWEROBBOMA Mo B 20 2
 BALRICK D, BREIZE OBBA D TR Mo of parapodial segments
BehihRELSRCS (Figs. 7~8)0 HE Fig. 8. Sexual differences
DEBBRA Y4 VT hHA, 2F4 YV THACEHL in the number of parapodial seg—
TH BN, AFRTHE bR ENEDER TS & ments of the creeping (pre— epi —

tokal) region of P. munitia var.
312~ 315~ - CHED
SIS 12~50mm. #E4515~CmT, BLTHOS vallata. White bar, males; striped
BREWFEEBS BN,

bar, females, Total number of worms
examined was 110 for both sexes.

401

Frequency (%)

20+

3. E R & & 0o B &

4V 34 EBBF LK BEFCEROEBCOWTRECHSE P shTwbsn, SEERO
fRRICS 20, £BHORER. ERONEAR., SRERCEEHERYA, £ 08E L OER
PRNLL,

MBI L~V IR CARE (Fig.1) ICRW-CE AR OB B2 kb, KRR EE
(OP ~ 44cn, TP+86cm) 60K TRUI, £RRRBER ( 148) KOMBE F0mDEHAIC
EBTBA VT hA RADBHEY L ER B, FHEMM (1967548 5~ 21 B DAL 157~

_8_



17.2. Bk —7~12caTH -7,

BRMOE BEE LB & OBRICOVWT, BEMSDHBEIZ— 1D 156 ORITH 545,
RADESD GNDR B ~ 112ca ORIT, 4 BB 100 B/l L DRI 51 ~ 106 ca D&
T5TH -7 (Fig.9) o HBH 3B~ 112ca ORATIRAH: L B ShEWEL(Sts.B-1,
B-2)d® o743, ThRBROL S BE LN OBREEGC L 2DDLEL BND, REERBCES
T RAEHLE 28 170cn T, IBBR4~5A0BME 12~1 f OHMHKBOTFHHCK 5, O
LADA YT 4 £ BB OT USRI 5~11 B ( BT SR 6 ~ 9B5R)) TH 3, Tk
R0, 4V TH4 RBELEZEBP TR & IVBHREFETCED LEEIN S,

Population density (Worms_/n?)
-MHWS 0

0
E-1¢ ) 200

150+
=
2 507
«
ey
n
K| - D—1
c 150
g 1001 B—-1e¢
3 MW
& 8 8
ey e} (4
[\
E 'lm
2 S0
g -]
&

'—Mst

ol 50

7 8 9 10 11 12 12 14 15 16 17 18 19 2 21
Time (hr) .

Fig. 9. population density of P. muntia per station in relation to the
tidal curve at Spring low water on April 26, 1967, Population density is posi—
tioned at the tidal level of each station, relative to the tidal level of
Tannowa Tidal Station and Osaka Peil (OP) or Tokyo Peil (TP). A—1. station

1 of site A, etc., MHWE ; mean spring high water; MLWS, mean spring low
water; MW, mean tidal level.



EHER BRERRCL b, NE, BF, K, ERGROELH<, RIFLCOVWTRERENRO~ 3
OETRABMEL ., AT LICHRE AR L RET U THRREMKBZELRDEZ ( Table 2),

Table 2. Classification of bottom sediments.

Characteristics| Color Smell( H,8) Amounts of deposits
Score€ :
0 White Odorless Little
1 Light brown | Faint Some
2 Dark brown | Rather sharp Many
3 Black Strong Many with silt

Table 3. Population density of P.nuntta in relation to characteristics
of the bottom sediments in Sennan district of Osaka Bay.

Station’l__ Worms? Bottom sediment
No./nt Weight | Surface® Base® Score®
‘ Color Smell Daposit Total
A-1 319 28.6 C SM 2 1 1 4
A-2 120 26.7 C SM 3 2 2 7
A-3 0 — C SM 3 3 2 8
B-1 0 - S S 1 0 0 1
B—-2 0 - S S 1 0 0 1
B—-3 0 - S S 1 0 0 1
C—-1 110 36.7 C SM 3 3 2 8
C-2 63 13.3 C SM 3 3 2 8
C-3 0 - C SM 3 3 2 8
D-1 27 12.4 C S 1 0 1 2
D-2 40 3.0 C SG 2 1 1 4
D-3 0 - C SG 2 1 1 4
E-1 0 - S s| 1 o 1 2
E-2 122 40.6 C SG 1 0 1 2
E-3 1436 135.8 C SM 3 2 3 8
E-4 968 73.7 C SG 3 1 2 6
E-5 0 - C SG 3 1 0 4
E-6 363 114.1 C SG 3 1 1 5
E-T7 22 4.6 C SG 3 1 0 4
E-8 36 13.6 C SG 3 1 1 5

1) See Fig. 1. A—1 denotes station 1 of research site A, Tajiri,etc.

2) P. nuntia var. brevicirris, starred; P.nuntia’ var. vallata, no
star.

3) C, cobble or pebble; S, sand; SG, sandy gravel; SM, sandy mud.

4) See Table 2.



BEOKER, 1 VI h4 BDOONEERDOMBRETH 3~10 a RER 10~150mD HTE Bbh,
ZTOTRERREODRER. BPREL L {RBET, XPFOBRTRAIEFEL LERAD M PRBTE
DHBEHIHERL, FEKREIRE bhi, MR04 QBB OBAAIC b ohbbTRungls
bhirs -7 St. B-1&St, B-2 RfipChebi, KAODRRECHETBEL, #5M Y
BTH oz, RBREMGRESHBIBAEAANTIE St. B-14£St. B-2#1., TOMOELATR2~
8 %/RL 7z ( Table 3), FRERGL 4 ATE & ORI Hisic EEES ( HBIRHK0.40) 535 BB,
WX DLBRHEDREBD AR L CHK CIRRFA VT h4 5, BBURHES L RPEREECODHK
EEHMETRA Y4 VY ITHLABERLTWEZ LRFIRDERD TH S,

EspXD5%H ( Sts, E-2,E-3,E-4,E-7,E-8)RiiidD ARBEOK pBBRONEY
BRWTTRE® 30 DHIDEL *BAL., NEARIR L1 5 -DOF4H 7 v4 T, PH REBRK BRI
JE#E T, COD BB~ v#vBHY&ET, ILRESFT2MRMEEA(900C) LTEAERATEL
za

AEOKER, 1 ¥4 7374 TRRUTFRO0. 1 mATFTOEE»S37%, PH6.6, COD7.4 ppm IL
4.4%(\WFhdSt.E-3) DEZHRHERLTWS (Table 4)o

Table 4. Composition (%) as particle size and chemical properties,
of sediments in five stations at Tanigawa research site (E).

Station Particle size (m) Chemical property
Silt—0.10 0.10—0.50 0.50—2.38 2.38—5.00 | PH COD(ppm) IL(%)

E-2 19.8 42.6 16.0 21.6 7.6 2.7 3.6

E-3 37.3 55.6 3.8 3.3 6.6 7.4 4.4

E-4 22.4 23.8 14.8 39.0 7.0 5.0 2.9

E-17 3.5 29.5 23.3 43.7 7.5 1.2 2.7

E-8 4.7 42.9 33.6 18.8 7.5 1.5 2.7

DEDBELRND, 4 VT HM DEBEURERTH L, £RLTWEORMBRASEATERD
NheZBDBT, TOLIXPHRA VT h1 OBATHIER (BUTONT ) OBBHP NI L,
BOMB RS TH BRI #E L THaEh kb EL 605, —F, St .E-3 COFHHE
&R BT, BEBCLIRENHOBRER DB,

4, -3 7] £

4 v h4 OEFERIZHartman —Schroder® ©#8 - GEY838%& LTWa453, EEREOE
RBXARS>EL b, EHERRINOTHCHERVRBBBRR ERMELBE L EX SR BIHY TN
7o

D SBeRTF
KRB B2 BAHFL TH B ¥4V I n4 OESRELRIPCEH L, TholnWREEE24ET,



ZORMTHH SAHNRERFL, FLAELELEROBRAY¥RARE, EHIhPO—BRRH
BMGAD 0B OREF T B oo iF BE K ( #532%0. KiE23T ) 5 mbDA - KEHE Icn ORFFHMICE
LTRELL, ZONRTHESOSBYRETI2bD0H 0T, $ATXEEAKASHIMO BBo—8%
R54 F7/FACBLT, BAHEEDO20 x4~ 20 x 4015 ORFFeALELL,

4947 TN4 DPRBE4CHELERBTEHIN I BREOBERARE T, PREERSS bh
5, BRPCBLEHE, HCERSTECES L5 CLTHTT 5, HERM 300 n ( 270 ~ 290
#m), IR 100, EFEOEIZY 3 sn THS, TOXRMRMP TN, FAOMMRER 3un
ThHd, RROEER 80un, BXRX8um THS (Fig.10—A), HHIFRZR54 FI5 ACBELK
fta - FCERE, 7IY) VK
THRAL TEHRFO 20 x4 ~20
X 40 FORFFCHREL, H
FOLRBHTOun , EHRER
BunDIRP T, TOBRCRER
SumDIZLL, M I E AfH
DEGERENENRBD OIS
(Fig.10—B), 8 6hic8s &
FREHMOPTEL, AR
74 F75 2B LTHERETE
8B45L, BTFRBOBACHR
D, 2~ 3 PRI HEX
RGBEHER - TWL D535 B
%0 10 3 I ERRYE RIPED
REZMH 1506 CRES, £
DRRCIZERCE S Uirs -7
BFE#R T3, EXRYR
DA 500um L7 - b HFY
RGBT 2E 5k %, %
RREMSE bcfTbh, SR
TOMH R 10 ~ 20 3 O
CEDOND N, REMNTHE

Fig. 10. Egg and spermatozoon of P,

HERHI305 BB L I RIBRR nuntie var. vellata. A, unfertilized egg;
WEOMH 1504m 1T/ - THE B, spermatozoon; C, newly fertilized egg;
HCFET B, T ORHERZH D, the same in vertical view. Scales for
e RSB DOEGICAWD A, C, D, 100 g m; scale for B, 10 gm.

EMTEL D, BRRYEXZH
RAD B EK LEET, JAMIZH 3508m XD, SHMONERXBET 24D, 254 FF 52



(B30.8m)0BxER £OMA(YR) ¥ ECLTEREBL, 1BDR54 ¥/ 7 2OMME
CAH L ARG CARL SR, WREAFB IR STRBC., BRROBEWEY 8-
TW3 (Fig.10—C,D)o R+4 VT h4 OPRERIML LT, MFLEARCER S LdEBXh
%, MERUBERH3I00m T, RBETH D, EHEZOMARXBROMLSHELMSRBTH 5205,
B HCRBTCOEHIE ICEET 3,

2 % &

AY4 YT HA ODRBBEHICHETHIERRD ST Losb, KBRRR Y FHH L TH S hiEdko Em)
B 1EYENE (BEN, dmx13mx6m, FLEKXK24, R34 F/7R 1EEA) OBTHR
B2, R74 F7 7 ACfE L2 BRE0L DES W LHES.5 DY + —VERE L TENRN
(ZR0~24C) DBRECEE, 016, 2ROBKLTR UL, ZHIPRY v — v & REHEK
BT, ¥RFM P/ AXRELCTHERBETREL

%ﬁ&sﬁfﬁmotmmwsnkﬁwmaanaowﬁfwﬁuﬁﬁbriﬁmbbmxor(a
B, 0~25% (EERI0~ 155 ) TRECRS, HK 1 RN 280, 28504 MK, 19
R TRRMPL XD, #36HME BiICHE & HRE & O TRORER 2/1 BB TR RBEOR K25,
FARECRMEBSHBE LT F o2k 754 L c 0 PEAN CREMERD S IS, TOH, Fk{h
£LU., BEABEDOH /4 REL, ZRHOBHTIADOWMEIRFEESEL, BL4BEDTWRALHA
b, FUSREH TWIZR OERICEIELED Hh, 65RHTCREIEOHIMZ, ERIBRR TS,
RARBHOK 2 ZOEREEKLFTONIRARDOE 1 Hicgrhd, TORMTR FTFOROMIICE
10 DRk, EERBRMCIBALS S, 37 PF—2 OGBLX D, ZORATORERR
BHORDEK L, BNERDOEREBOEH4nFCAriiEd BERROBOP THFRSEE TS0
BH BB, TOH, ERROBRELNSAXDL5T, FRARFSEL LLRBENSBHL Tk
%, HERE S HMLBHOBWEEOEH T, RUHE,LEHINZITDHSLICH 150 RFRIZEST 56
#3dH-%(Fig.11),

R4V T H4 OZFEIP 205 R IPEDEREHS b, ﬁlbfﬁﬁ&&ﬁﬁ&mbibm(&
D, SEEDHRBACYBELTKERKETL, v+—VviET HEHNRETRNIRMBE TS, BE
BERBRA 4 7304 LARTH D, SHELCIZ 6~ 180 R ET 3,

3 K B’

447304, RF4 VT4 LHREDBRRBCAWZIHNLHELE O RRELTHT L, £
DHORE L THE T,

SELEFREIBRDOEED INOWERXAZLEX 7 b+ — 254 T, R0 4m. FHRY
0.2mTH 3, hidER T, AROTRFCEREBONENRDD, TOMHCHEBAT I RADD 5K
FwHS 5B (Fig.12) iz 2 ~ 3 HiC 1 3 DEEWTRBOWIZR OHTT ICH T itWiZR 2
R ENTL 3, TOM, SNFBREL CEPL TV, SO 6 BERWIZR 2 HNcEH 3¢,
REYAWTEKRT 505, ERFMRAZEAL L HCESRY, KETORS SFFHBER XS, fF



Fig. 11. Stages of egg development of P. nuntie var. wvallata A,
unfertilized egg; B, 15 minutes after fertilization (showing enlarge —
ment of jelly layer and shrinking of yolk); C, first cleavage, 1 hr; D,
second cleavage, 2 hrs; E, trochophore stage in egg, 35 hrs; F, the same
with bud of parapodia, 40 hrs; G, nectochaetous stage in egg, 70 hrs.
A and C—G, the jelly layer omitted.

BB b S, S 6~ T ABCRE 5 WIERSER L, 4ER 0. TmORRE LB,
IV AL, BEoMFRIN LA, BERDONEV, R« VIR 2ENICESR S, #
55O THKICE D & & OMFRTR I AR B TES, EoRHETH 2T, BFEsHER
M Eir oA (SMEBRTHR) TEALEELTAZ —VERDEBY ¥+ — VRO IcEE, %



TEERIRE x4 S BURITEN A3 A Bivic
DOTiERE LTHIBES o L7 (Hil)
hEZic, H6WIRR S~ 10HE IC
SR L, R 1 2me kO XEEREIC
R3RAHEHBIND, 5 ~6WIER
WoOHROEEREZHORKATH
D, BB WVIEROFTM L AcfEdh (12~
18HE ) Ofdfik 1. 3mT. KFHEEIT
4RI, Bl BRI ER SBESh
Do TOHBIOVERI( 16~ 28
B) g TR, $15 viZRi
(652 5mm, 22~27THH ) ICIEEIE
BFOEMmCHRERSEL, o
FiR AR I DI ER LR RO E
ICES < HER ( 5~10VIZRH) =
Yx—VHDARTA FI 7 ZAD T Fig. 12. Nectochaetous larva of P,
PERIRCEAT B 45, HERBRL nuntia var. vellata, newly hatched, 0.4mm in
72w (Fig . 13)s #5110 ~ 20 VISR gath

2 BHRER L0, EENICHRLHETH - BT DR OFICIIZER CUR L, TORTERE
LIRUDS, H20~B0WERHM(FEE3~4dm, 30 ~350 ) CRERORBFLHDLE T HHES
FRREE AT 255, AERRERETEENTHS, TORKBRIMEDEE ( &< ITEHSO
T IEE ) /R0, 90T 70~ 90 WiER (452 27 mn ), 140 ~ 150 H T 130 ~ 170 WiER ( {41250
~60m., fKE0.30~0.35 ¢ ) OFFECH
Lick& X CHEET 5,

4 B #

4 ¥4V THA OREERFI0A. 34,
5 A BUr 6 A O ¥ G20 @4 2M EF T
BRI <, "4 BOERRIIE 4
BAOFTMMG A ICH B DDT, £ ME4 U
LCEMABEYR 74 F 77 AICHHKL THE
L, Ebic, AMREOEMNA(5A108~7 ¥ :
A 68) T, kAL EHkeREIMEHICD =
WTHRABOFECERMEEEEEL 2, Fig. 13. larva and juveniles of P.

swoion, masoncin, snee T % lels i 3 oy v 0. i
%, 5~6 BT <xTORBCTINE /izf day juvenile, 1.2mm.




FHER» b, JIMIEIXI10AICIZAE (. 2700 EORSE TR S, Mk LS LOBBRA
BRI, £ ORARR 20 ~ 60em TH D, 3ACRPLPRMICETE, RARK 70~1204m 75,
5 ARIZITEERY &0 0, {KHE 0. 63 70 A DOIMR R E L0, BAMNER 1504n T, PR
#BHHIS (Fig.14—A), 6 BICR{EE 0 40 FORETH IR RERET, M@ Cs gL
TRECARATWADHEES hie (Fig.14—B), Hiflig10A cRER, 3ACREER, 5
~6 ARy ) - LREENTNB RIS Nic, EIRE LY LcRR, Hk Ol TRIBSHEICRE L,
BARPCBLTHSEL RS, kP ORET AT & ARCINRHL L, BKhTRE DT ES
Do WK FIOHE ORI TR ) — LR T, BRFCBL THERL ARV, FErkrh Ol A G &
[FEFR R IR U, KPP CTRE bS5, RO BREHEE Ciblfk fiOHEL BB FR—E W
iCd O d - GERENEE S BV, BikPOlEN D Bd OTRERESAS b, BRKEMZS &
WU <AE4 5,

Fig. 14. Oocytes of P, muntia var. wvallate: in the coelom of
perenchima, observed in mid May (A) and in the parapodia in June (B).

DEDERMB, 41 VI H4 REBH I CEMBYEMSETRET A Link - THEORBIAET
ZAHEMERSBI, 5 ACRABOHETCTRTOBEDOERINBTETH S, 5~ 6 HDOBEND,
& I AER TR S h, BESPTREL, TO—BREFCETAR L LEESR, 4 2D,



Neanthes diversicolor Q. F. Miillerl) &U*}yAJ) L AEDORBRRTH, Nereis
grubei (Kinberg)® ok SIREATRIEE Shizw, ENGOBRE,NHE, £HEMARENSR
DEFERIC L > THRIEBAEARBCEZ CHAT S LHERINS,

5 # £

FETREZRET 2H6C, i), GORGBEFZLTBHLEET I L8H B, T
DESHBTEND, GOTIHI I AROERR LAMBERRLARDILDEE03 ~ 0.4 7D1 ¥4
v 3 h4 RFER Q0BG LR, BB HERON 14, V2, V4 OHBET, BBANY I 2AV
TO L 7etb i ( £20M84F, 4045 ) 2B K CkiER, APLH2adEICHNLEE 10nR &
5cs DAMEBEROBRRAGEEH (KE : BE 1.5cn, Fig .15) MLl 2RAEL 2,
HUFHRZERE TISARATL., /R ACKT 2

a

G R O TR & RIS DEBRBEERD I, 15 “
B HO&TEL < CRE K OETERMBEIS ot c i e } )
hice 2ORIEDHEICE DEE L, 158 B4 \\\

-l

BN slc, ERLF, BRA&104k %
BEL LT, Ebic15HM, ARCHAFTL, AR/
BEOEBRRYRANK, ERERFR R Vv~ ) YEE
Lizigic, BEABR A<, £4&, 15 BRU ]
308 BOERGH OO BERMCBETBL L b — e ————
€. RESHERRDS LRLEBRICS S LBbA Fig. 15. Container used for
SRECOWTHEHEREALHERAIL 2, experiments on segment regeneration
SRR DR, GYINS15H B OEBR I EEA40 and tolerance to salinity change
of P. muntia var. wvallate . a,
"'70%“?‘“./\ E%H‘u5~15%&ﬁi}%®ﬁﬁ3§$ air supply,
TH o1z, BEK BT DY LA L ERRB L DEY
i 1/4 RO 172 thH 4340 ~ 45% IR L, 3/4 R R10 % L BRE R Lz, BREA TREETAE
& BEENERS BRIV (Table 5), 30 BEOBHKE DEREIZEL A b6hF, HESK OABERL
o, I L BEASHE e ORI, 1L/4& 120641 CRR#406BE ( 37~ 41 45) 3FEEhL
B, 34 REOEAEATIRBEGE T, W2ELEE L OMCRENDERS DI ( Table 6),

Table 5. Number of regenerated. worms after 15 days rearing of P.
nuntia var. vallate, amputated at three body positions. Survival
rate (% in parentheses.

Amputated position (anterior) | 1/4 172 3/4 Total
No. of worms initially 20 20 20 60

No. surviving anterior 9(45)  8(40) 1470 31(52)
No. surviving posterior 210 3319 1( 5) 6(10)




Table 6. Survival rate and number of regenerated segments of
amputated P.nuntia var. vallata reared for 15 days after
the previous experiment given in Table 5.

Amputated Anterior part Posterior
position part
(anterior)|Survival No.of original Regenerated segments| Survival
rate segments from anterior part rate
1/4 2/9 26(+77) 39 0/2
23(+79) 37
1.2 2/8 46 (+54) 38 0/3
45(+456) 41
3/4 1/10 66(+34) 28 0/1

Numerals in parentheses are posterior segments.

EA Ck0 5 RBOBLEERCONT, BRELRDERCEWTHLE 28k { SR THREGE
BT Lnbbiltdnd, BEBORES, G EL, BIHHSER EIND, KWCTHLELZR
IEDEHRREAC VW IZRRELE U, KNOBHEHFLEIND, TOROEHHHILRBL TR R & Fk
CRIMRTA SN, BEMROHBRVWERYEDTHRE SN AGHICHEL THS L, BEEA
L HBRFEHFBORESIGET S, BELESHOBEREETH S (Fig.16),

Fig. 16. Regeneration of P, nuntia var. vallate . A, swelling of
longitudinal muscle of amputating surface (arrow); B, regenerated
pygidium with anal cirri, under development; C, anal cirri, normally
regenerated; D, a frontal segment of pygidium regenerated; E, several
frontal segments of pygidium recognizable, but not fully developed;
F, several frontal segments of pygidium regenerated to original size
but with pale color.



AEOGHBEELCOWT, BERESA 057 1 EMAT L, %5055 ~ 055 TOHLLLD
CHEERRE ., Fiin b04H< SVWOBECHHLTHEEL ZAIRED TRTHHLBELTWS
A, FHRTRAGSH 05 23 ~ 26 MOKE CHN L LB EICI0% DBEARBD bz, &Ldbh, #
KRBT HHENHIREL OFE, HiHHD AL LVWOMBTHOR, COBAR 11ARCHS %
DERT D LRI, ERRAOGHROERBHCL > TEET5LEXL BN,

5. B B & m®&

THAHDOEPCONTREAC ZEHBALTILL TENE &0, HERGREYSNLTH N
PAEBEROBTCL s TRITEBZ L, TH1 R4 b2 DERCIHASHBHELTNBZ &0
REBAMBNT WD, 4V THA4 CDOWTRENREEDBEP=ER Tcisd s EHEsss®hn
TWAXETTHHDT, FAHERGTCET DENY, I, ENGEGRUEIRLCOWTRNRE, ks,
ENEROBRCH LR RO AT ERER ORAFTRHCOVTOHRRBBT L CENEBREA
CERLELDTHD, AEKECRAARDEFEHNAER( 60 cnx40mx 15c) D1 FEC KA T
HEBREYROMT, HAREC 2T cux 15 X 2ca D7 Y 7 P REM7 + v& —%BE, 7402 ~%
BESLSCHEL S Ton DA & THBHT AN, HH2% A LOBKE0.5 8 /FEALL, TOD
B, 27— 7RIS 6/ FOEKESEVAATHETRAKEE KRR L FRACHEATE XA/ TH
% (Fig.17), AEPRKBLRBEBRBLE SmicRb, 12~4 A OMIRERF, 5~11 B O EAl
EULTIH1E, Y2RHAHYIED, ZOMcl KigY%0®3¢0y +¥ARAAN 2SR, &
SO EMIR K EXBHEScme UTHEK
BRERWDH & Lz, a

D E B M
EIR G Ok 034 b AR5 A% EN
EUTe, ESMRA 1 VI h4 RBR
% FE LicHe (#E) ik 5 A238
~ 8A3IHDMTH o/c 3, = DRFDHE
1 BGEOEHM*HAT LT, 10858
BB B R (B AEREE ) Fig. 17. Experimental apparatus used
1,537 BkicoWT, BHDOEPH DO to observe the spawning behaviour of P.
YEIICEB LA, ENhEMIckx nuntia var. vallata. Plastic, container, 60
+30C, BAOIBECCHERL B X 40 X 15 cm.a, Air supply, 5 litres/min;
f, bottom filter covered by coars sand, h,
BrrontT, &t - TEORFIRT

water level, which is regulated from 5cm
B, FHLERRRROLEBOTD S, depth by length of outflow stand pipe; Wi,
A 247 3Th4 DEJPRIZ4AISB~  geawater inflow , 0.5 litre/min; Wo, seawater

7THA31AOMicAH b, 5A108 Tk outflow.




181 ~3@E&ELPET, TREFRDORLAONTVWAEDD o7, 5A2H ~6 A14H DHRZ&ER
AfEHL LR 05 bh, COMSENENEEL bh 5, A 1, 537 Bého 58 bhicEfar
684 Btk ( 4.5 %) T, BRO KGR EFHOBELEX b3, 684 BHED S biffid 203 Bk (428
%) T, HEDHHHE, EAOELBEDP TN LD, EFHOEBC L SEAMABDHh TN
(Table 7)o 2F4 VT4 BBNRNESEOKRRAXION S BCBAL, £D %4 ESLELEAT
LB, Emtiz4 A208~8A TH (BRI 5A28A~6A17TH ). BENNRBUL 411 Bk (426
%)\ D> Ll 214 Bk ( 52.1%) LHED TS0 - 12,

BRICEWT, EMNRRA 91 VT hA ORFAMA L R F4 /T 74 ORRKROEIp3121EF L
(e AVAYTHARRBRBRI2ELVW 1 0 ABATWS, CORRBABORFEE, & CE
BOES) BECBELTWSEEXLDN, BMA V1V Thd ERRAFA Y THh4 ORFRELMB
R d—FKLlcicd LRI ND,

Table 7. Number of swarming worms.of P, nuntia var.vallata observed

in laboratory. Total number of worms was 1,534 at the beginning
of which 391 males and 293 females were swarming.

Month April May June July

Dajzex Female Male |Female Male | Female Male | Female Male
1 5 12 4
2 12 21 2 3
3 1 22 20 2
4 1 25 38 3
5 1 7 16 4 6
6 2 1 10 24 2 1
7 1 12 25 1
8 16 11 1
9 13 18
10 1 20 24
11 1 1 17 17
12 2 2 4 2
13 1 2 7 3
14 3 1
15 2 1 1 1
16 1 1
17 1
18 1 1 1
19 1 1
20 2 3 8
21 1 1 9 2
22 1 4 7 1 1
23 1 1 2 7 1 2
24 3 10
25 1 1 2 11 3 4
26 1 1 3 3
27 1 6 4 3
28 1 9 15 1 1
29 1 6 10 4 3 1
30 1 1 5 12 3 1
31 - - 6 15 - -
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FAEEGRICH T 5ENREROKRIZ, 1 V4 VT HL LRF4 Y T hH4 CRIZALER Lk,
BRARUWIEDS 4V TH1 TH 4.3 VL APOABBORTNS, EHRBHEA ¥4 VT H4
THEEPR > ZDIRH L, KRR FA 7 THA CRENE L, TRWNELS 24 VT H4 Cipgn
62% © DEHBBORTVS, ZOFEEEARD LS CHOHHESRAINE &2 b, RBRER K2
WHOHBENIEREELBND, LD HABES, BEMRBL10F CEREL LB ST DO %
BEMNABRLE O, TD5 ORI, THEDOOEATHRDI6 %2 BREANTT LHBTER S,

2 E WM& &

AV I NARBBOLSC4ATANDT A FOORMIC, EPhoERLTEMNT ST &03bds »
fo TORE, EMBOKRRISCTHUESVET, EBNCHNERADERLELD, £hBRDLDOD
KBEGRELHEEIND, ThODFMTAMBRD, KB, EROKE £ EMEK & OBIFL R~ &
ST RAL 2,

BHRAMBA ¥4 VT H4 ORHRAT, 3A 28007 ARVEOMI, KD 4LREYRD. &K
IO 5ENERYEG L, A-EBEK: 3280565 48FCoM, KB 150+ 0.5C&L
7K T, Rk 693 Bk ( 100 7 ) RHRL 7, ATAKRERS YAV TEREAL., TESCLKE
D V3 EFBABKE R LEZ (Fig . 18—A), B BEK : 2MIMBEKE 24. 5+0.5 C ORFLSE
DRET, R 268 Bk (100 7 ) #HERL 2, KEMEIHF A2 B X 2o CREmEL,
FERKR TAECH DHUHIMB I FRABRTLAYTBRLL (Fig.18—B), C » Ktk
B : 48218k ( 100 7 ) WAL MEAMECT, 5 Al4B,56 A1TEOM, & ( 9 ~178 ) RAK
THEYEH L. KARKIEEOm
DHE 0 5 0WHEFE A AT 28
HU, ®ET2400Lux &L, D
» KBPIRK ¢ 461 B ( 100 )
FREL KT, 5A258~67
10 B DR, 7RI KE 0 o THK,
BHRKESamTiEKE L, HRBE
RELMOK & RERDOKBY#IC
Lz, E - HBK : 408 {Bf (270
7) %2 FHEKECST TREL,
ARKE, ARXECHATLA, £

BPOKERAZEBEHLVOTS . »

AlZ L DBETEHERD, ARR Flg: 18. Temperature control s?'stems

B & £OMOK L % i C of experimental -apparatus for P, Tmntw va}r.
M vallata. A, cooling system; B, heating system;

RexofOR &%, KERDE & ¢, chiller; h, heater; r, aquarium, the same

ZDMOX L TR EhMLERTE as Fig. 17; sw, seawater inflow; t, water

SIMAR O ESHRSRIR A L7, &5  Dbath or tank.
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A& L ESNH & OBifRIZ 2 5 KDEHEK B IKOWTRFEL %,

RROLR, ERMPMOXRRERK TR 20.0~28.0C (58108~ 7H 6 H) D&, BRER
KiE245~27.0C( 4815A~6A8H) D, R (HE) XRXKR17.7~28.0°C (5 A108B ~
TH6H) DT, &<cKR18.4~23.8C(5H20A~6A118) DHBENENTH -7, T
HOBLENNIKERS17.7~ 8.0 CORMTH 5 (Fig . 19), e OBGRR, KRPEK icsnT
b EINR DK RS o3RI D IR ICEBk Uz os, — B RE OREREICHER Ui, BRRE DTSk gk & B
YHRRBCRL L 6 ALLEHRLIZD bz, K& & DB X RFHERE T 0 cn DORIE) ICEE PN 23
EB»HEWHLTWES, B (S5on) RFEEKLTWAEEEDH, BHLTWAEALS BRE
o, B4 EORMICRBRTBERIEZBD b o,
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Fig. 19. Occurrence of spawning worms of P. nuntie var. wvallate
in temperature controlled aquarium from April to July. A, low temperature
division containing 693 worms; B, high temperature division containing 268
worms; C, uncontrolled temperature division containing 1354. worms. Solid
curve, water temperature at 10 a.m.; dotted curve, five day moving
temperature average. Circles show moon phase; open, full moon; solid, new moon.

DERNLAABROS HENE B ORVEFEH DR KRBT, BHTEEKESR18~20CIKEL
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CENS ¢ 3 EE SRR IN D, KECOWTR, ENREOEKERR KEL 0 & Khk 0K 558 <
ERT2L5Bb b, Ao, BATDA v h1 BEERTCRFALBLELTENBA
bRBEHRED ATV B0, BARE 0K TR BBLEE BB bhrs o, RRCHET ST
B4 TH, BYHORWEETIRA 4 LOMFERRSMAVEBEV ST 3,

3 EST D

BN O AR, K E T & RDOTH. EKEE. WRITFRHREOBIEXE %, &L TEMNER
DEFC BT HHBEOEMNRICONTHER, —FREBOV 7 AKECOREERLYIERTRET
D, HHKEXOREIRZ6 A 3ADAR | R 6B A OREEH (18K ) £COM, ATERATLE
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Table 8. Survival rate (%) of P.nuntia var. vallata collected at
three different seasons and for three different elapsed times
after collection.

Rearing period

Nov.13-Apr.27. Feb.2-Apr.27 Mar.27-Apr.27

Mean weight(g) 0.19 0. 28 0. 30
Elapsed time 98 87 81
after not examined not examined 64
collection not examined not examined 56
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Fig. 23. Number of live parental worms of
P. mnuntia var. vallete for 30 days at different
number of worms in the experimental apparatus,

shown in Fig. 17. Initial total weights were 400
¢ (A), 3009 (B), 2009 (C) and 1009 (D)
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Table 9. Spawning season and number of swarming worms of P nuntia
var. vallata at the temperature contrblled conditions given in
Fig.24. Initial number of worm was 1,000 in each experimrent.

Experiment A B C D E F
Method Ordinary Hothouse

Room :

Heater Used Not used Used Not used Used No used
goperature| 1g3p  10~32  2~% 6~ 28~38  -1~38
Spawning Mar.23~ Apr.18~ Jan.27~ Mar.29~ Jan.23~ Mar .30~
season Jul. 7 Jul.30 Apr. 7 Jul. 5 Apr.24 Jul. 8
No. of
swarmed 170 465 303 455 297 386
worms

(I sice&icfihbh, RACRSCEIRTRESBEFELTWD L EL, BIKE, BEABL
SR & OBE Y RFL fr, BEKBORNICY D, ESNLIML325~T0AM & RChR D kb, it
BEE OENRERBK S0%CHELZHECOAMTEHRED S b, RESEEKE ( #d) D12T
Ll ERRTEERE L, SMEBOBFKERRENEOBWHEEONRBK (B, D) 545,700 CH T
H oA L, 04K 2&5,500°CHT, 200°CHDEHASNS ( Table 10) X BEOFIHK
B#55,50CHICE ~LBE (B 1RR T4 60, B2LRTH3IAVAE ) DKERI5~16CT,
200 °C A DERBEKEBS0CTES ¥ CRRTSMOBAMLEX DD, LEDERNLD, 1 ¥4V
TH4 RSEEOBMEBKEDS b, REEFKEDI2CH EORKEYH 5,500 C AET 5L
R B BUhE T, TORDOEE KE20CES 5 LEMERETRS LB INS,

Table 10. Effective cumlative temperature (EAT) over the period
from hatching to spawning of P.nuntie var. vallata.

Cumulative temperature (C—day)

Experimentl) From hatching until [During temperature cont— | EAT for
temperature control|roll experiment until swarming
experiment median swarming day

A 3,080 ‘C—day 1,551C —day (Apr.18 , '72 )| 5,540C—day
B 1,709C —day (May.15 , ' 72 ) 5,698C—day
C 1,907C —day (Fed.27 , '73) 5,561C—day
D 3,654 ‘C—day 2,122C —day (May.11 , '73 ) | 5,776C—day
E 1,807C —day (Fed.12 ,'73) 5,461C—day
F 1,841C —day (Apr.16 , '73) 5,495C—day

1) See Table 9 and Fig.24.
2) Date in parentheses is the median swarming day.
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ENBERCONVT, 5~ 6 AP ONENROHER TORMOBEEK( 19~ 23°C) TAhK
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MEKEOBK (21 ~24C) YAVWCHATIHL DENBSHEREFIEL TEPTHZ &AL~
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LT, BAEATRRAL SRERGEND | BRI s TWBHEEZDBRDT &b, ENROD¥E
KRAEICHBLZ, Reish™ i Nereis grubei (Kinberg) ODESNERICIREIAKICEBEDI
%7 v —WEETTIDREHTHIER/ELTWBDT, BRI OHEXRF LA, BRI
I PERTCHAENHED IM (3B, K5 EE) »RBRHFOBARKEB( 15~16T ) DK 1 £
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1 B ER TSR L, ORI SMEERL 5, BT 2 AT LTAWEL A, LD
ENR T ORATRNWEL TV, TOERML, KRMEHEREECHZBEEYHTHDHZ &
B 5 72DT, PDEOERTR7 VI -V TREBLTKEBIFOAZFTLI> & &L, BRIZ
AED3IEDIRL, THEAUKERHD2E ( BRRE ) Ofit 5 e, EXTHRLBOI0ELEINK
HoKEBE® 20 ~22 COSRX 58 & 25~ 26 COBRK 5 AMILH T, £ ICDOWT Y4 D105 IR &
AET, EOHD S5 FMRAIEDOL 5 CKFRH ¥5 2T, BEHNCERK & EEDBEOKE 2T/, K
HB LR R TRIBO 1 BE R4 FI7 2RO, WBFEREOMWAFERLITHRE LR,

FROZR. EREOBRO 28 (&1 xHE 1) D5 b 1A, KEBHBOFEKCHENTHEBR Y
BR03% biviess, RIRIR 0 %o fib D 1 E O K24, Bk E BRE 54 bhic, $RE Tk
HRIFEEOENRD 5 LRHEN T LEL LicDik 3@E(HE2, 1) T, ol BEiies,
fod 1 BEREKD Likd ok, BRADIEATRENSES bR, SHRIZEI~ RN BTH -k, BEK
RHED 2 @K Z LB L L oo, ERBCWTROBIIL, TOZHRIZ ~ 98 %TH -7
(Table 11),

BEDERNLS, 1 ~3ACBORETRTOEND, CZHEDORWHLB I bk, ESAK
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Table 11. Spawning inducement for P, nuntie var. vallata under
various treatment.

Experimental| Temperature(C) Mating worms Fertili—
Division No.| Reaing Spawning |No.of Female Male(MD)Male®2) | zation
container box FM. TPN?SPTPNPS?P TP N2S? | rate(%)
Low 1 21.4 15.1 1 2 a ——a—-—a—-— -
temperat‘n'e 2 20.2 15-7 1 1 a ——a — — -
3 21.8 15.2 1 2 aa+ —ac— — ac— — -
4 22.4 15.1 1 1 ¢ ++c + + 0
5 22.4 15.3 11 ¢ ——c¢c + + -
Iso 1 2.2 20.2 1 2 ¢ + - + + + + -
temperaturez 21.6 21.6 1 2 ++c¢c + + + + 8
3 20.8 20.8 11 ¢ —-— + + -
4 22.3 22.3 1 1 + + + + 83
5 21.4 21.4 1 2 + + + + + + 92
High 1 22.5 26.2 1 2 ¢ + + + + + + 89
temperature 2 21.6 25.8 1 2 + + + + + + 96
3 21.8 2.3 1 2 ¢ +4+ + + + + 92
4 2.8 5.1 1 2 + + + + + + 98
5 21.3 25.9 1 1 + + + + 94

1) If the nuptial dance was not observed within 10 minutes after mating
worms were transfered to spawning box, a, some drops of 70 % alcohol
were added to the box; C, slow current was set up by syringe , or ac,
both treatments employed

2) Nuptial dance ovsedved (+) or not (—).

3) Eggs or spermatozoa shed (4+) or not (-).
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T, ERWALECS - cREORMH THOLEE, 3 b ERMIROKS & REDEHICONTH
~, FHORPBr D >HBRELFELE,
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BRORBELA, TO2RONBLELTRARD v v — ViICHEK (85 #32%0) % 5mPEZ ETAL
T, EDPCPWEZRBELZ(CKR ), EREIHFAHTEYLT, BER(ZER0~23C) Détic
B&, &0 16, REERFTRERAELHBRL, SMEFREEEL,

RROBR, SMEREKLIZIHEIABLOBHON, BEOFRREXRYROMBELZESL
TWHDOHBEINL, 6 BEDAK ¢ BROSERECR L 0 2PH 0K MRS NS, B
CoH{EL fFRIC H RIRIZBD Bhix s -7z (Table 12),

Table 12. Difference in hatching rate (%) of P.,nuntta var. vallata

eggs held at three different moisture conditions. Number of
eggs is 800 in each experiment.

L Egg condition On wet bed Covered with In seawater
Elapsed times wet paper
(days)
3 0(%) 0(%) 0(%)
4 24 22 31
5 65 71 80
Hatched larvae normal normal normal
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Fig. 25. Water level control system
in the experimental aquarium for P, nuntia
var. vallata . a, air supply; h, water level,
which is periodically changed by siphon

attached to drain pipe (Wo); Wi, seawater
inflow.
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A BHEL ZRORBORBLBEY LW TOFERCH T3RIERUBCHRKICE L fk0EEE
Ik > THENDEFARE, TOR, BROBHPICIT 2L LT, HE 200 ¢ it K40nldX % fnx &
Rxd5—of0, TCBEINAHBRET6 AMEAK OB HLWMRAKCL TR, BWodsp
100 74720 ORRARRUMTD 3,

EROER, 0CTKEAML, EOK TiE, T <XTORBBEER 2P ECHL T, HRys
Z % EEHDICEE MEEA 3¢ 5587 Has bhi, KEmATOR TRKEOH & &bl
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BRPCBLIGE, 2COFEXTRE DI, 7TCOKRZY I HFHECIELS LIBD3DORRARS iz,

HEDOEHHS, RAFERHCRI SEROTHRATRLETL > T, WHMEKCEBKEEHL T35
RBTREDBERNE WR 55, NERBEL K ABECRERE,LOEHETHRTFHEINS, B
B4 T REFRERD O d RIFHOE N HEREHRBH TH %,

Table 13, Behaviour of P.nuntia var, vallate in response to dessiccation
of the rearing substratum, based upon worm appearance after 4 or
6 days rearing at 20 or 7 T, respectively.

Water volume(m¢200% sand) 10 20 30 40 50 40
Temperature (€) 20.0 7.0
Period (days) 4 6

Worm appearance
(1) Just after container opened
Animal entirely exposed 7 5 3 - - -

Posterior body exposed - - - 4 10 -

Burrowing in sand 3 5 7 6 - 10
(2) After container flipped

Animal entirely exposed 7 5 3 - - -

Posterior body exposed - - 2 - - -

Burrowing in sand 3 5 5 10 10 10
No. of death worms 0 0 0 0 0 0

e eeaed
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Fig. 26. Difference in the hatching rate
of P. nmuntie var. vallate in relation to water
temperature. A,C,E, temperature not controlled
with heater; B,D, controlled to higher tem —
peratures; A,B, placed in experimental room;
C,D, in hothouse; E, on the desk of laboratory,
where temperature is not so high or low. Broken
line, hatcing rate; horizontal or waved lines,
daily maximum and minimum temperature. Blocks
on base line, developmental stage of eggs,
i, cleavage eggs; N\, trochophore in eggs;
td ,trochophore in parapodial bud;[], hatching;
W, death; ¥r , 73% deformed larvae.



B.0CThoTc, KT, ERiZ9AB0LLELEED, 11ABIREIZ%ZHS{IEL, TOHDOKERIIZ
9.2~ 26.4C THoko, AKX 9~ 150 DHJIC.H{LL, 15 A B D 5 LRIXI0% TH o724, FROT3
it I DVIZR 2N DS D, FEHOWIZR DMK THEBRVEDRTWE LD, XBRHKH
EOREDHHT, KBk 7.0~15.4CTH olt, CRTRYHD 3 HHEDONNRLERERCES, #70
% DI TRMBHH s, 4ABCHEEKXELSS.2CRET LA TTXTOIHEREIZAL TN
L, PBREHIERCHEAL3AB ETOKERIIZT.2~26.2CTH o7 (Fig.26), U LEORERENDL,
SLCRAKR T CLAEHRBET, RAKBR20~26CTTHD LW D,

FRHBHERE COBKBLCH T2 FEtk DRKIZ 2 A18A KB/zEin b.a{b Lz fFdh 4, 000 B
AV, £ 1, 000 EH% I8 O bdkEOKBCET 5 4 RBRK LAROFATKECRE L, REHT
BB, RO SHRER»S, FHCEE/oLVS (2.0 x 107MiR/ ) 2 8%
%, 2008 BCEBOBIS ¢ 202 EHT, PhORADFR/LYREBERGE TR, ERABRS
W eE REBLIEEX, TORRCED 3 5LHE OFREZHFARICRE L, TO®REROA
MR CHRSEREIND I TRELL, FRPRSEFOER L AR, ERORBREKRYEEL
Zo _

EROKER, F1EONECHABBDONORBK DX T, RO KEBRELFNR18.0 ~
B.4CTL180~B.2CTHokk, ARECRIRE KBRS 12. 2CU L THES WSS RALE
Do, FHOEFPRFICI11.5~ 122 CHRBETH DT &p5bd ok (Table 14),

Table 14. Growth of larvae of P nuntia var. vallate under different
temperature oonditions.

Larvae Youngs
Released | Confirmed Occurrence’
Division | date date

A Jan.28,'73
Feb.13,'73
Mar. 5,'73
Mar. 25,73 -

Apr.14,'73 | May. 3,'73

B Jan.28,'73 | Feb.16,'73
C Jan.30,'73 -
Feb.20,!73 -
Mar.12,'73 -
Apr. 2,'73 | Apr .21,'73

D Jan.30,173 | Feb.18,'73
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1) —, absent; +, rare; -4+, abundant.
2) Temperature range means of daily minimum and maximum
temperatures over 20 days arter larval release.



RBOHKEP BMABEKECH T3FERCONTRE=— vy ARNTORTRE (HBARE
FBEFZHER) ¥R L i, AFPORGKBRIGEXRESMAL, SK3FEI I 19734688 1 ~
7TBOMIKA b, KB 45.3°C LRLEN, $KEME AR (v -¥ARM) 35 LESRL
BEHS b, 45.3C DOKBEIE - THEFRIZRESRAENWET Ltibd ok, HAMKER%DRKR
19734 2A15AD— 0.8 ~32.6C (&*33.4T) T, BM( 120 ~32.6C) THEMT 55, &
M(—08~120C) CRFELTHERL AN Lo bEEEEKRRI2CLEEL DR D,

BEDOSECOWTR, KEBTHHRLEREY, DPBKEILTCE2& v —LEARTH ST
TAREGFRE. ELCTOAETRECBLASE, YURBIEL TH 358436 LTHAL,
F2BHRCRBARET TOIRELXBLI b, P EH5TLACOHOBESE LN LTR
TEREWNENE B,

3 & »

FERCTBIC LD BRINEHREFTCANKTERKCHERIMEEFBHRCBBDT, £0F
BOHEPHFROEEN, FTLEBACEBALTWARRTCREHRIBRKOBEC L 2BBHREFNFNR
BRI, HARECHTHRCELT<DI &)k, LROHRRATOMELYRI L& bic, WML
HORAFRKOEGEH L EDELDCHINEAT LTHIDT, 2REFBBCOVWCHAKEZDHE
BEZR<,

EES BKPTOSECONTORRIR, BK (ED32%) ZKEKTCHRL TU% . 16 %o 8%
CHEL, RBKK CKERKEK 2N 25 EFKCERMLNELTICOEARTT AHDLERYHA
Nz, BRKRE 4R ER 4Dy » —VICEE, IFRGRAROIDOE 100 XA W,

RROHR, $1Li2 32% R 24% BKHPTRS AB6MMEIN, 7THBCRERENISDETO
% DSLRER LI, 16%0 LT ORTiRE S S{EL D o7 (Table 15)

Table 15. Hatching rate (%) of P.nuntia var. vallate eggs over a
range of seawater dilutions at 24.3-27.0°C

; Days 3 4 5 6 7

Salinity (%o

32 0 0 80 95 95
24 0 0 50 70 70
16 0 -0 0 0 0
8 0 0 0 0 0
0 0 0 0 0 0

FROEEFEK ICH T 2ERECONWTORBRR, SLE3ABDS ¥4 V3 14 FhE0BHY
BIRERDSEDIES Hl >~ » —VRIREL T2 BMOEFER Y F~k, R4S BIc ik RIERE
GHTENDLRIRTD) 3% bhvicss, £RE SAWERED bARWDT, RIEFRLEEKX(32 %)
CBLEROBFER T, FEFRR 8% LTOEXTH bh, EBES LX3RE, Bt
MOBRL L DB K o7 FRDORFURFEFROEBEER 0% D 77 % U, 8 %o LIEDEK



Table 16. Number of fainted and recovered larvae of P,nuntia var.
vallata in diluted seawaters at 25.2—27. 4°C. Initial number
of experimental worms is 30; all survived for 48 hours.

Salinity (%) | Submerged time (hr) Recovery after two
12 24 48 hrs. transferred to
original seawater
32 0 0 0 -
24 0 3 7 7
16 0 5 21 21
8 8 12 25 25
0 30 30 30 23

12100 %%~ L % ( Table 16 ),

BRERCOWTORRI S A (HEM). 1A (ERY) R&K3A (ESNERET ) 7% - 70, S DR
HR AR OREA S UL BEEKY 12 CEBRES LBk KEKTHERL, 0~ 65% kel
’, RREBRERIOm, BS 5nDBERAATES Fig.15)THES B 00mLe4 4 v aHhA
DORFAR B4 1084 Avic, 88 ORI BESZBKOBLCONT, BEUSHII L 1208/ OEER
&%ﬁf‘a‘lﬁiﬁﬁwlﬁmiﬂ&mﬁmmmﬁLtﬁmﬁiﬂi’éﬁ&ko

RROKR, BEGHEEOEBRRIX 0% TRETE. 6. 2% L EOKTH 100 %T. Bt 120 B5Rg <
SEBRRRIED bt ok, SRHBEEOGE &R E KK THSS %I o, TOMORTCHE
BEAIL D 28~ 8l HHEL., BERRESF ETFCONTEH L X AEAKS bhiz, 120 SHHOBER
RBFEHBELAL 5, ERTh LOEHCHRP LT, FE K dE U TURMBOBERIZ B
BIDOERICEWE YR Ui (Table 17),

Table 17. Change in body weight (%) and survival rate (%) of P.nuntia
var. vallate in diluted seawaters at 26.3— 27.0C in August . Body
weight shown as total weight of ten worms.

linity (%o ) 0 6 12 18 24 32

Period
Initial 3.26 2.38 1.47 2.69 1.73 3.03
2 days latter - 4.32 2.36 3.46 2.21 2.68
5 days latter - 4.26 2.3 3.46 2.20 2.65
1 day after reterning - 2.41 1.50 2.73 1.74 2.60

to original seawater

Survival rate (%) 0 100 100 100 100 100

1A DRGIZES 0 ~ 65.0 %o ICONT, BEMSHIMEOEER LBERYF~LE. EBAKCREL
T2REBORERTYHE L, ZORRTREEFVRCE L, 0%K TdAWERE LIS,
0~ 13.0% D 3K Tk 12 ~ 19 %OMEL. 19.5% &0 BEEFOEK CREEED 67 ~ 98 %I}



4 L7 (Table 18)o

Table 18. Change in body weight (%) of P, muntia var. vallata in
different salinity conditions at 9.1—11.4%C in January.

Salinity(%o ) 0 6.5 13.0 19.5 26.0 32.51)39.0 45.5 52.0 58.5 65.0
Period
Initial 3.91 4.08 4.62 4.60 5.02 3.91 3.60 3.79 4.02 3.73 3.08

2 days later 7.52 5.42 5.40 4.52 4.34 3.57 3.16 3.16 3.30 2.58 3.08
1 day after re-

turn to original [3.89 3.28 3.68 4.22 4.98 3.89 3.58 3.75 3.99 3.62 4.46
seawat er

Survival rate(%)| 100 100 100 100 100 100 100 100 100 100 100

1) Natural seawater

SADEBRERBES 0~ 65.4 % PHETEFERDILY Pz, RROLE. 26.2% LLEOEK
T 100 ZOEFRERUICH, 19.6% LTORZRCREED LD BEEFRIBEPL, 0% KT
20 %& 7 57z ( Table 19),

Table 19. Survival rate (% of P, nuntia var. vallata reared for three
days under different salinity conditions at 13.1-17.7C in March.

Salinity k%o) 0 6.4 13.1 19.6 26.2 32.7939.2 45.8 52.3 58.9 65.4
Survival rate(%)| 0 70 8 90 100 '100 100 100 100 100 100

1) Natural seawater.

DEOER2 S, REDESICHT3HGE R, FIKLTH3HKDES £ ) bBEFHITRERHC
LAERAVEEL DR B, BHEFHTRERNCHES . KVWTHEN. £ U CEMINRE SR
BT b o, ERPOEER, FEFEOLDFEEKCGEVEFIETCOREIRELM LT,
EHFATOHERCBES UTORERBEECE 5 40T, & < CHEDER RBHEMLUACEL
( BRRRTRG2HM) ., TOBORESS SAKNE &b, AEREEXOBRBEECH L TEG
BORIE 235 L v 5, REGMEIOBRELYERTH L, TR 2U% CHERRETL, Fi
RECRETRELMD, 85 DM TH 6% Td~WIEQ LR BICAVRGELH X 5ER58 5
hie, TOL3RERRKKROFETFHECELTS T 14 TORMT, ERFCHTBIEH 64
PHcaRcE ns LBREDIN TN B, EMICET RGN DOEFILOWTY, Neanthes -
diversicolor O.F.Miiller CTRESBNCY S ZXZOZHCBRAREE LY ‘bk"‘&ﬁgzngﬂ
T3, EMAOHGHEFRRBC L BEBCHENEREOBNNET T 5 e BESh 5,

@) BEBRE

4V T 04 BBOT H4 FERBL, £RBHETRL TOD &2 CREABEDRTE o CHTHO



BRECAL, hEE LS RWIROFRELG AL TWAE@E 48 L TH AR TbID, Fiy
B ( 5~1165M) CRREMREYEECEY S TRET 5L 2 bh TV 5, ALRECRIRD
L SCREROBPHFHRIRLER L > T, BEREOKE 0 aalGEVE Sk < FESTS (k)
T Enb, FICKE S mlORKRIETORE OfFH) L BFRRR L OBFE ¥ #A~. BF KFoRE
BEXDSLTORBE Ui, ERICAWEKIYIZ24mx 19mX20mDH 5 2 KT, ECEYES 2
mici &, TOLC2MOBRBRER (H28cm) ¥BE, AAYADTEDTHRER L L, BR
BRERRBERBL (0B 5m) @

ARCRHBT7 2 b — v ZRET,

hic0.2 2 /ORI EEDRAL,

BARRE OEBCRBEE A 7% & L [f:ff
ERAVCHKBYL 72 4L, XD

flasiik KA CBE N IS0neBE V1 v 7 %i

7 iz, FEAKREKR (X ~§-HvWL

B20~2B7C, H330~35% )%
0.10 ~0.154BEK L 7z, KEEAD
KLz o4 75 —HOBILRAHL

THEOmEL LB L5 L

(Fig. 21), T DX, v4 v .Lp \ ‘P“"*f—m“
f4 ORAMEH 100 7 ( 311 @H) *

WAL, BEHA. BREK, EES Fig. 27. Experimental aquarium used

. to estimate the oxygen tolerance of P. nuntia
K, REBR LR THARE DR var. vallata. Glass aquarium, 24 X 19 X 20cm

FAREETRY, KEBCELTERL a, air supply, 0.2 litre/min; HWL, highest
ERBDTH BB/, THICRR  water level, 8cm above the surface of bottom
BE LR ACERAL, 9125 sand; LWL, lowest water level, 10cm below
—ETRERERTEEL &, BSLE the surface of bottom sand; wi, water inflow,
A ERRAGELEET A, O 10 litre/min.
HiCE 2B DBEI MK TR - LB RDFELCE - 72,

ERORZR, BRHGELIBERERR A L.7~4.9n/0 T, 128ME TTRERHBA BT
o T, AWK, JAKMK, BRUEKTRZ OHR2AUFM B £ TRIRRBD SR, BB OBHFRR
H14.3~4.9m/8 TH o1z, HAK KOG ARSFHEMACRBIETO LBCBYH L, FAYE
BET 508560, BFEREERR1.9n/¢ TH ofc, FALEDIR 1R TELIh, RRRED
HERTBEREECERL, BERERRZ 1.7n8/0 P LTk, AR Ec AR oRBe, Kig
BRIt THBALS, BERRRAR 1.5n/8 &7 - T, BIH KEEHE 2 S LARKCTRT
ORBRAR Y L LT, BEOP[ L O FTTH1ELTWe (Table 20),

DEDER D, 41 VT4 DRBEAKOBERERR 2.0m/0 U ERNELIND, BERER
DBPICHES I H4 BOTHIEONWT, Pk 2.0m/ 8 UTCEABEB LM, 0.6m/ 6T



BT 5eBED SRTWE, LOLRBEF, 1 VT4 ¥BARBCEET HdCREKS 50
RAKC L > TREBG YT 5 BBod 5,

Table 20. Behaviour of P.munt%ia var. wallata under different
disolved oxygen (DO) conditions.

DO (m/¢) Behaviour of worms
‘(1994:4%%, ) Normal posture, resident in tube with head upright.
%33 % ) Beginning of irrigation behaviour.

(lég_ggl%s) Posterior of body emerged from tube.

(5 COD

A1V THA 2RRKRETHREST 28546, RECHL OGP L - TEANFHRIN, WRHEERADCOD
BERHTHESNIERME( 7.4ppm) L D 3EL BT 5 FHRIN 0T, FIERR BT KE
TREAFT TRV, BERKOCOD 3EL K - EDFL LT, ERITEHA 4V THhA
DRFERL B2 320 B4 (BER 400 7 ) 2 BZATHEHKE ( 2B5cmx 20 mx 2 ) DECTFRDOEHEY
B0ELLABHELRL (0R8m) ERADIT7 A b~y CERLABAISBAKER (BKE0.2 4%
*R& TORBYHED (NE2mLT) CTEDTHEFRELL, BK5 ¥ Ah bl ALZ (Fig .
28), LHRAMIZ242 AM (118168 ~7 AI15A) T, P ER1E, #%7 F4 7 v O[MAK 1 ¢
52, BEOREFRTOERN 2, BEAKRIBEAKEALESVWRLL127TAE ( 4A218),
1I8STHB(5ABA)RT2ITAE( 6 B4R ) A
CEBROMBKDRIELBY YA 72 v % ““—j
AUTHSTEK TR &, EREBBIOE
KeH1BOERBARIPH, COD RU=f#
DBER Y KRREBHOHFETHEL X,

RROBR, RADTHICELWBRHS B
DIz Did 3 5 Ao b CEEREE (BA)
DITHRBBC Y, 121 AERIZLEFL
iy, BeaBEfrpLcFHL, K :
BEHIINT SBA LXWRIBE 7t o 7, S e M0em
Bk & SRERE ICERICRD, 5278 L e -
BRI S005 D, BIB BD g 15, B0l sttt
ElORKHE OR R Eh FhE | BRKEE  of water pollution caused by remnants
L AR ORMS Bz, 515 Agngy Of foods for P, muniia var. vallate.

A, air supply; WL, water level.

BEEG LR, B 5 BEsEKRLL, RBRET

W.L.




HOEBRBRENRYEDT 266 BHT, EREBALRLE, F 1EERKLFHLLER PHi
5. COD i2 51ppm, 28 Ffid 36ppm C&H -7 (Table 21), % 2EHE, HIEBOEREXLR
BORBERE, 5, RIZAROKBLHERIND, TOEREND, 1V 44 2COD 50ppm, £LF

£ 36ppm ETHLL., FLRR ZRR OBRETEH L MWORBRECH AN L BMT 52 LT
&2,

Table 21. Changes of water quality due to decomposition of food in
a recirculating rearing aquarium for P nuntia var. vallata.

_ Date Nov. 16,1968 Apr. 21, 1969%

Water quality

PH 7.9 5.1
Salinity (%) 32.6 -

COD (ppm) 0.8 51.1
Ammonium —N (ppm) 0.5 31.5
Nitrite — N (ppm) 0.4 4.3
Nitrite — N (ppm) - 0.2 0.4

1) Initial

 2) Date of water exchange. Behavior of worms showed similar as
DO 1.7-1.5=¢/8 .

(6) FEEMRL

17T N4 QERBHICET ZEROERT BBRE» SPREC OB 5, HLRLBPEETON
FHREEINTWS, AFCY > TREMINEAROERYBVW305EFTH5LE L, A, B,
Bict > AHFOTEE YRF L, AF KXY
RER B OMAY Kl ( 25 cmx 20cm X Wi%—l
22cn) EE K0 2| Y £+ e RE@l KR ST
EBEC, ER8acthEThNTFRORLS
EB(NE5~15m, B2~ 5m. & 2ml
- T xEKE, 01545 OBk (KRA~22 bl Wo
T, EH32%0) WL, KERERREL 0
em& L (Fig.29) , TOAFTKEGICS ¥
AV ThA4A ORBRERR (FHHE0.27)%&
BHLYMAEL, TOEHELOBHAITEH, #

A TR LA, REOE AN LBAK Fig. 29. Experimental aquarium

16, #5970y +¥AEdrs5z cggL, used to establish the influence of

. . particle size of substratum on P. nuntia
1B BCERZPRESO8~0—3 7 MC  ar yollate rearing. Plastic aquarium,
BLTREAHE Y € b CREF, #K 25 X 20 X 22cm. h, water depth; Wi, water

e T B 3 e D M 7r & & 5 Bk inflow; Wo, water outflow.




tREBHOF YR,

HERCMBEINCRRRE LCBATHLHBL, MNEETREBOMBCHESLELRALK, &
DOEZEVBELIXHE D, WERTHY IS TMEDOMIER WCIIERE CBAT 5, KK &£ HKE
TREDHPHECE - TEBY AECHTOTRATS, BABTERNREK £ LB0FLRT. KBEN
FECLDERS DRES o, BARDORABER & bAFYEBRREICHO 2 ERLTHEL, &<
CPEXTRETHER EN, BEFnSRACHOLTW30RERIN:, T 1 0AB0ERRIRE
&b 100%TH -7, REFROABRRNIEX63%, BK4T%, BKX T %, HFEROHIIVRY
{2 5% (Table 22), '

Table 22. Number of injured worms of P .nuntia var. vallata reared
in single substrata for 30 days. survival rate in 100 % every

substratum.
ubstatum
Item Pebble Gravel Sand
Initial No. of worms 30 30 30
Injured worms at harvesting time 19 14 2

Lk OFRIT 5T, BAFERMPERE RRA—CH - e, REFEBO AHEN R DEIE D
FHEEZOND, ABRRNFRLRETHESHECHETS LE2 bh, HENTABROEN
BEFHELYTRT<ETHA5,

4) FE L

I h4 FOREICONT, Vy A’/S) . 7YV93 %4 Nereis pelagica Linnaeuss)‘ Nereis
grubei (Kinberg) R#AE"D. Neanthes diversicolor O.F. Miiller BT+ 54 2 2R
B2 m e L BMEIRTWBE, 4V T A4 COVTRAKOT D Fo v FRAARL » F 2B
A TORE $HbNTV 3, BERAFRICKTSRIOMFCEVT, RFEENICI / Yoen
27 FA7 YOMARY 2 « 3DRK[AESFEN 52, BETHYHACAR L, TOERCES
WTEH OR G RUCREPHRE LSS CHALOB VR BARFHIAOENYER L, Th bORH
TEEEHL

(1) RBDEFETH

BB OFRICOWT, RPORBRXRET CRENE (FH) 0L 5, 1NAISARDB5 56 BETO
FIRMEST, TO%OA2H (RARE) 2THARI/ vo (BRRE) CRES 47 74 7 24
200 7%M lem €8] o T, 1085 £16 B0 2 B, HFHEOKBELELS ¢ THEERBETAL,

RROER, KA PLSa CRAAYDECTHICTHE LLL AR, RERDERON
CECEVLES T A5 8ERL LRV, BESOATAXKOESHESBRTKERPLEL 0.5 i
o2& F S DRAGHEE 1 SANBLHBEL TEETIO8BE I, FEIEEORBFEYD
LicBb¥, RO RZPLLLTHOY 4/ 5HRHMETEIRBACEADERBFE CCECHELPL &



3R LTTbh, BEOYEITEETIZ LAV, SOMEHACHERERTERNLERECH
T, WO B LS - EBERIFCALBNL TEEACKEL 2th, FELHHET 3, HGESW
TRBRAHUCEAETNTW I LB ¢ TKERTREL, 2@ NS THLFIETHO., v
BABILY DETACKAALTOSLT T, BEODERL D XELLFHONZHREFOLE VTSI,

TR 6D &TH Y 23R T b,

LNEDEERND, 41 V3T H4 DEFREEORBT LERBFC L - THEMI BV L L THE

Sh, KEBRHLE Ol D& ECHEB\TRH
EET, TORBARBET 0P LT IRV
HCB bhdE Wt 3, R ARETHIEI R
345, MOBABIC L 5T, FHiXOEATINE
AT T ohick 3R RBE TS (Fig.
30),

(2) R OFFSHER LFE i

R OB FECONTORRIE, 1 ¥4V T
B4 ORRE S 373 B ( 100 ¢ ) it KIER
PR DEE K (Fig.29 . 24 cm X 19¢cm %20
m) CREL, SHEHASE, BRAARSHANR
CEQBDOEY 5 THFELTAI, $R
LzBhEfsl D5 2 7 F 4 7 v i BE S ES
%8, 2/ void—-5CTH2LAREK. ~
TORSMEE. 7TH) X mGkOE
EBTRELELDTHD, BERRRY +¥
RRARRB LN = FAOHKER MR 5micth
ZRHREH L., 72HRNE 2mDRV » b,
IRBRART X TRARGOLEGHCEFL
TWEHDTH D, HEEMZBACRKME (5
7). EEAN(27), BRHE(8¢)DH
TERHRERYEZL. LHCHEKEOmT
IERE LRic B L, FER% $CoRf e
B IR is0 5 B RERE o SIS & Il
Lz,

EROKR, BiFESEROBRR 127 F
149y, 3/ va, H+DRK LY+ XAEM.
RFOERZT7HY, €374/ Y LRHE/

Fig. 30. Positions on the paragnath
of P, nuntia var. vallata. A, dorsal view
of everted proboscis; B, schematics of
longitudinal section of everted proboscis ;
C, the same for withdrawn proboscis.
a, eye; b, jaw; P1—P8, areas of paragnath.

Y. HENRFOMR~7 J, 7 2fff &~ FAHH, LENRROMERRZ7 11, RIFRD
HMRA 5/ ) &4 74 TH o7z (Table 23), T DR 5, RADAWRNFACE SN M



BFRERCEL, <y +¥AMIZEFEDOHE,LOBLTWS, iR 514 v TH1 0RlR
RARCBLZEEHEC, LR TRERFLLANEDOEAPLEL IV ERAYRLTWILERI N
%,

Table 23. Food preference of adult worms of P. nuntia var. vallata.

Food items Time to Amount  Prefer-
begin feeding of food ence

taken(%) levell)
Defrozend anchovy 1 min. 100 5
Fresh jack mackerel . 10 min~ 2 hrs, 75 3
Dried japanese gizzard shad 1 min, 100 5
Fresh shorthecked clam 1 min~10 min, 100 4
Fresh oyster 1 min. 100 5
"Hira—aonori” ( Monostrom ditidium ) 1 min~10 min, 100 4
"Wakame" ( Undaria pinnatifida ) 2 hrs~10 hrs, 30 2
"Susabi-nori"( Porphyra ezoensis ) 1 min~10 min. 100 4
" Ibara~nori" ( Hypnea chariodes ) not feeding 0 1
" Oba—kusa" ( Pserocharadia capillaecea ) not feeding 0 1
"Ayu" diet 10 min~ 2 hrs. 70 3
Anguilla diet (eel diet) 1 min, 100 5
"Hamachi" diet . 10 min~ 2 hrs, 70 3

1) Preference behaviour lotting, 5, highest, 1, lowest.

(3) MEAEROLEI
FEROXEIRARRCENT, 72ARN (RHE2mDRV v b)) REFACHERIAETREZ L5 5,
Atk ( R E60m) TR, TOKEITLWVH, FRHERAXIBE3LELOND, RECEL
TENONTELYEZ > OBBRATH 36, RELOHLOLIY BN Id, RECHEBAR Y5
THERBLA<E, RBRRBFEOERCAVWIEAXETOEEAW, AROAGTCY F AR %
B (BR)DEXLP LML, HECEELHLZRERMZEN X, PRCHELES
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L 3 5 WZR M O m 850 Bkt HB%E K 20mee L b AN, AXOBEL EWEA (BB 15~
20C) &, AKREBE/ovS, BRIZEES Skeletonema costatum (Grev.) ¥ EhFh
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Table 24. Survival of juveniles of P.
nuntie var. vallata reared on
three different foods.

S Culture days
Food

10 14 17 30
Chlorella 50 50 33 3
Skeletonema 50 50 0 0
Yeast 50 50 0 0
A
40
(5.2+0.8)
20
0 -/ i
<
S
- 209 B
o
2 (7.8+2.0)
&
-
oS

Time (day)

Fig. 31. Differences in the growth
and survival rates of P, nuntia
vallata
15 days of rearing. A, marine chlorella,
1.8 x 10" cells/ mé; B, dried freshwater
Chlorella, 1.4 ¢ /£ ; C, eel food (diet),
1.4 9 /2 . values in parentheses, numer
of parapodial segments after 15 days
rearing; percentages, survival rate.

var.
juveniles on different foods for
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Fig. 32. A, container for mass—culture of P. muntia, usually filled
with coars sand to a depth of 7cm. B, commercial plant. a, air inflow,
92 litres/min/container; Wi, seawater inflow, 0.2 litre/min/file. Arrows,
seawater inflow or outflow; dotted line, air pipe. Dimensions, om .
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0, BRI 3,000 X & 4,000 KO 850 B, KR\T 2,000 XD 680 Bk, E/ 1,000 & 2,000
KD#0.3 ¢, 4,000XD0.25 2 L, 3,000 XKD 0.21 9T, HEXERWTR 2,000 Kb 34
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DS k5 1RE BT T HHMoAS DR DS, 2,000K & 3,000 ETCR#I0%TD 5, 1 HDHER
(R 32,000 NOWLMALILARD S b, 2ERFERHER, BHERRUGELLBRRT, 1
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BRIREL TV, 1 KOR EFERRPLPIN( 159 ) & &0 bRERREADR S, &
ETREHAYODCBIEHS <, ThHERERLHHLTHTREOBEL ( £<{COD DLE)
YHE, FHERR, £RBOETXRVRLLLELOND, 2,000 - 2K & 3,000 — 2 XK iR#80% T,
L CHIERER, AELOFRFMTH LT &b, 80%% BRIC1 A 2EHET5D0BRNEER
b s, FSERH8% LRI 2,000 - 2K &£ 3,000 - 2BD5 b, L{LEZCOWTHENT &
MEFZ850 EkE (W48 ) 3 FHHE 0.3 FCRELHADERZ 255 ¢ T, T Offik 2,000 — 2
EOB1M(2187) LB6M( 245 2) LDMILH BT &b, TOFHFKIE( HEFEE0.24n" )
TOEERRI207 ( 1.0k /) LHBIH £k£3,000 MREL 2HBEOBRTFRENYHR
(80%) 5312 2 ( 1.3y /n’) TH5 (Table 25),



Table 25. Growth and survival of P.nuntza var. vallate under diffe—
rent culture conditions. Fertilized eggs are first counted and
stocked in each rearing container (Fig.32). For food, hatched
larvae are given marine chlorella at a rate of 3 litres of 1
million cells/mé per container for 15 days and later worms are
given eel food (diet) at rate listed below for 130 days.

Exp.| Predicted No. of eggs 1000 2000 3000 4000 2000 2000 2000

Feeding times per day 2 2 2 2 1 3 4
Actual No. of eggs 1200 2000 3000 4100 2000 2000 2000

1 |Harvested weight (#) 125 278 152 163 172 71 108
Harvested No.of worms 445 896 1013 562 688 203 600
Actual No. of eggs 1400 1950 3000 4100 1950 2050 1950

2 |Harvested weight (%) 112 182 149 218 167 52 12
Harvested No.of worms 320 758 710 1676 585 413 197
Actual No. of eggs 1400 2000 3000 4000 2000 2000 2000

3 |Harvested weight (%) 150 174 208 121 167 52 12
Harvested No.of worms 357 600 1300 448 557 144 60
Actual No. of eggs 1000 2550 3100 4300 2400 2500 2600

4 |Harvested weight (%) 120 165 161 182 113 94 48
| Harvested No.of worms 571 550 847 479 419 348 126
Actual No. of eggs 1000 2400 3000 4200 2300 2120 2100

5 |Harvested weight (#) 125 211 216 194 187 50 75
Harvested No.of worms 595 659 800 625 492 132 341
Actual No. of eggs 1000 2200 3000 4400 2100 2350 2100

6 | Harvested weight (%) 120 245 130 115 159 74 21
Harvested No.of worms 375 612 433 1150 691 274 70

No. of eggs 1167 2183 3017 4183 2125 2153 2125
Amount of food (%) 213 255 200 277 178 362 417 .
Mesn | Harvested weight (#) 125 209 169 166 159 73 55
Body weight (#) 0.28 0.31 0.20 0.20 0.28 0.24 0.23
Survival rate (%) 32.8 31.1 28.2 19.6 26.9 11.6 10.9
Food conversion (%) 58.8 82.1 84.7 59.8 89.3 19.7 13.1

7. = M

4V ah4 DRETEGLER. BN CRARBHLTE &R, s8R c—20KgTcRFT
BT ehlliki, TORETEERRIEH T, HRHRERL, L1 H5 08 THERBOAES
(hE0.3 7HE) CREL, TDHRU4LATHRATIZ Lhibhrok, TAOOMACESHTHE
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Fig. 33. Collection and hatching methods for eggs of P. nuntia

var. vaellata (A) and P. muntia var. brevicirris (B). a, Spawning box,
22 X 14 X 6cm; b, vinyl film, ¢, net cylinder.
) A, P. nmuntia var. wvellate; Spawning box, lined with thin vinyl
film and filled with 1.5 litres of seawater (32%, 25 ~ 28 TC) is
stocked with one female and one or two males. Eggs are scattered
over the bottom of vinyl film, immediately after spawning, with a
slow current from a syringe. A vinyl film attached abut 30,000
eggs at 25 ~ 30 minuts after spawning. For hatching, a sheet
of vinyl film is transfer to a plastic seed (larval) container, 60 X
40 X 5cm, sand of 1 em, in thick, seawater (32%., 25 ~ 28 C) of 2 cm
in depth. Eggs hatching out in 6 days.

B, P. muntia var. brevicirris; The spawning box, and other
conditions, are similar to those given A, with the exception of a
cylinder made of plastic net as an eggcollector. This cylinder,
with an egg — mass, is transfered to a 1 litre beaker, filled with
seawater. (32%, 20 ~ 30 C). Eggs, separated from the egg —mass 3
~ 4 days after transformation, are transfer to a seed container. The
eggs hatching out in 8 days.
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Fig. 34. Commercial culture plants for P. nuntia.. A, container
cnlture method, Miyazaki Prefecture; B, artificial tidal beach culture
method, Kagoshima Prefecture.

b. ATF®REM: 1 Gl KNOBREHE LSCATTBR 2 4m i+ 5, ALTFERES2D T,
BrE X5 CERWEIDTHD, REDI0RMOY + A ABORIEEZ 1 ¥4 1A1E, 1.257.
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FRETENKETH - T, Bl - lliix 2 b8 THi i+ 5,
c. HRTEREM 4B LAKHOTH2 4n' T 1 HE KN ORR L HEST 2, HEERIRAFERD
BECE s TMET 5, REFRERL2/IMEO DTHREL TT RS,
Blk, a &b OBRRBECE A Lh, &< cMESLMTAR kM Sh T3 ( Fig. 34),
BhiRkEs Sl LT £ COEE % Fig.35IKRL 7,
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Fig. 35,

Flow chart for mass—culture of P, nuntia,

A. Collection of parental worms
Worms are collected from hard substrata, covered by sandy mud
or sandy gravel at the base and cobbles or pebbles near the
surface, exposed for 5 ~ 11 hours at spring tide, during Octo-

ber and November. |

B. Culture of parental worms
A total of 200 ¢ or about 700 worms are stocked in a container
(Fig. 32), and fed daily on 3 ¢ of the eel diet at water tem~—:
peratures of 12 ~ 20 C,

C.

to 23C from January.
a spawning box (Fig. 33).

Egg

collection
Mature worms are obtained by elevating the water temperature
The mature worms are

transfered to

D. Hatching and culture of larvae and Juveniles
About 30,000 eggs are transfered to a Jarval (seed) container
and kept at 20~ 30°C for 5~ 7 days.
fed a larval food at the rate of 2.0 # 4 for 7 days.
] |

Seven day

larvae are

E.
a, Container culture:
Bottom sand from a
single larval contain-
er, which contains
probably about 13,500
juveniles,is transfered
to ten culturecontainers
equally (Fig. 32), Eel
diet is given daily at
0.3¢ per container for
the first 10 days and
later, amounts of food
are gradually increased
and fed twice daily.
Culture period is about
130 days.

Culture of young
b. Artificial tidal
beach culture Bottom
sand from single larval
container is seeded on
an artificial tidal
beach, of 20cm depth
and 2.4n" area, filled
with gravel to 15 cm

depth. Eel diet is given
daily 1.,2¢4/, later
procedures are similar
to those of a.

worms

c. Natural tidal beach
culture: Bottom sand
from larval containers
are scattered over a
natural beach, similar
to the habitat of this
speeies and, if neces-
sary, feed is supplied.

[

!

|

¢ F

a. Bottom sand from
the container is sieved
through a 3 zz mesh in
a seawater tank.

Harvest
b. Bottom sand is washed
by a weak water jet,

¢. Bottom sandisturn—
ed over using a mat—
tock.,

5

NS




ESNSRDTLNTELODOUR(70%) 55, LESHHERIL U0 FEE(H1,0004 ) CH 3
( Table 26),

Table 26. Change in bio—mass given by P.nuntia aquaculture.

Growth stage Number, with total weight (#) | Rate Source
in parentheses
Worms collected
in Fall 3,300 D
(1,000 0.98"|Table 21
Parental worms 3,200 D
0.40"|Table 7
Swarmed worms 1,300 2)
0.43" |Table 7
Females 560 3)
0.70 -
Available spawners 390 "
30,000 |Fig. 20
Spawned eggs 11,700,000 5
0.95""|Table 11
Fertilized eggs 11,100,000 6)
0.95 | Table 12
Hatched larvae 10,500,000 »
0.50"|Fig. 30
Juveniles 5,300,000 D
0.647|Table 25
Young 3,400,000
: (1,000,000)

1) Survival rate; 2) female ratio; 3) frequency of available spawa—
ings; 4) eggs spawned by a single female; 5) fersilization rate;
6) hatching rate.

PR AR 1,000 iy 04 BECET 3BHABRMCOVTRHLEER. AAVWEHMCRAS 1y Oftic,
FABERH LU CTEB KG9, BRERCRBAKE( Fig.32) 3,905 #, #KER 1604% .
WAL 8,0004%. B2y F¥AMM1,60he&ER70V5 0.1y ¥DBEL+5, ALTEEM
TRER1y, RAA K (Fig.32) 58, EHAKE300E,. REAATIFEIB n', HXKER
3,130 ¢ /%, BXE (EEA) 30 4/5T. BHORZBERAVEMLARTH S, HRAFBRMT
B, Bl 1y, R KE5H, SEHKE300M0 @XR(BRA) R0.24 /9. BIRE3086 /53T,
BRORRTHOER/RUEC L - TRAS ( Table 27),



Table 27. Amounts of culture materials for yield of 1,000 kg
bait worms (Perinereis nuntia).

Culture Bait worm culture
Materisls [Seed caltrd’| Copalnr prtichal, Ner
culture cul ture
worms () L+0 B B -
No. of container 5 + 390 3,900 - -
hrea oyien - R
Yolime g seavater | 0240 156 3,120 -
Tntlow (b /min) 0.01 +0.02 78 B B
Amount of foods 0.4+ 0.1 1,250 1,250 -

Eel diet ()

Dried fresh—water
Chlorella &) 0+0.1 v

1) Numerals means for parental worms rearing and larvae rearing.

B L]

R e LCHERA VI H4 Perinereis nuntia (Grube) ORMYBHE LT, £BP4E
ERL CEBOFR LT AV, TORRCESHWTRAFEOHRELR O, REHELYIRLE,
1) REEDA V3 H4 BYBHIc P, nuntia var. vaellate & P, nuntia var. brevicir—
ris RFPHRATWS, ARBOS ¥V Ih4 CRVGOHEBRBE TR, ENERC 258D 5
h, SEENYENT IFRTED., BRENY EHTIRRBEOZFELHA L IONBSL, T
FROERBOEBNLBA YA VTA4ERFAVTHL eHRTHIILELRK,
D 4V TH4 ORBRSEFORBYTBEHY AL T\, ESNHCR EPRCEY LTEE» L
kEHT, EFROSBEKkIL hetero nereis BT, MERRE, ERALABICK S,
3) 4 VT H4 OERBZKEEED 5 ~11FMTHEC, £REROEXAMRITEPETEE DN, €
DOTRCMRZERS LS IZHDIRT, L CRBIOZUTOEL ZHRESERT %,
4) B84 ¥4V ThA HHET @I, 24V T HA REHERENT, WFhARREDOHEE 300un,
B 100 am ORFFERHTH 5, HFRELKET04n T, BERICREFLED 5,
5) KB20~25CTA YAV THA4i23~THDMIC, RF+4 V3 H4ik4~8HOMCWFhd 3
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SUMMARY
Studies on the Biology and Aquaculture of a

Common Polychaete, Perinereis nuntia (Grube)
(Osaka Pref. Fish.Exp. Sta., Misaki, Osaka, Japan)

Shun —ichi YOSHIDA

The polychete Perinereis nuntia(Grube), is widely destributed on the shores
of the Pacific Ocean and adjacent seas and is well known as the most useful fish—
ing bait in Japan. Technical procedures for mass culture of this species were de—
veloped by the author from a life history study based on field observations at
the Sennan district of Osaka Bay, as well as from detailed experimental rwrihg

under laboratory conditions.

1 Varietal differentiation and distribution
1) Two varieties of P.nuntia have been described from Japan; P.nuntia var. val—
lata and P.nuntia var. breviecirris (Imajima, 1972).They have been distinguished
by differences in the number of paragnaths on the proboscis, especially on the area
V. .

The present material collected from the Sennan district cannot be clearly
referred to either variety solely on the basis of these numerical differences.
However, they can be separated into two types by spawning behaviour; one type
spawns isolated eggs is distributed at the southern part of the research area, and
the other spawns aggulutinated eggs and is found mainly on the northern part.
Most specimens of the first type can be referred to the variety vallete in po—
ssessing one paragnath on the probosal area V while the second type resembles the
variety brevicirris, having three paragnaths arranged in a triangle on the area
V (Figs. 1-6, Table 1).

These two varieties are indistinguishable in other respeéts,except for the
spawning behaviour and the quality of eggs mentioned above.

The variety vallate was mainly used for following experimental study.
2) The two varieties spawn just after development to hetero—nereis form. Sex

is easily distinguished by coloration and morphology. In females the body is



pale green, and the dorsal and ventral cirri of first seven parapodia are mo—
dified; parapodia on the natatorial (epitokal) region bear the dorsal
cirri with a smooth ventral margin, and the creeping (pre-epitocal) region is com —
posed of 17-23 segments. In males the body is redish white in color, and the
modification of the dorsal and ventral cirri appears on the first six parapodia;
the natatorial parapodia bear the dorsal cirri with a row of tubercles on the
ventral margin, and also bear a fan-shaped appendix with a long conical process
between the lower ligule and the ventral cirri, and the creeping region is com —

posed of 14-20 segments (Figs 7 and 8).

II Habitat

The species ususally occurs in the hard substrata exposed to air 5-11 hours
at the spring tide. The substrata of the preferred habitat for the species con—
sists of cobbles or pebbles at the surface, with a base of sand or sandy mud and
especially accumulations of organic detritus. It has not been obtained from
sites of wholly soft substrata (Fig. 9, Tables 2-4).

I Life history

1) The eggs has a depressed spherical form, 300 micron in diameter and 100
micron in height. The spermatozoon consists of a spherical head, with a cy—
lindrical acrosome, 8 micrun in diameter and a long filiform tail, 52micron
in length (Fig. 10).

2) The eggs of variety vallata hatch out as a nectochaetous larvae with three
pairs of parapodia, from 3 to 6 days after spawning; those of brevicirris hatch
out in the same larval form 4 to 8 days after spawning over the same water tem —
perature range of 20-25 T (Fig. 11).

3) The hatched larvae have greenish yolk and are planktonic for 6 days after
hatching. Juveniles of 5-10 parapodial segments change to a benthic life and
creep among the bottom sand particles. The young worm with 10-25 parapodial seg—
ments adopt a pale yellow body and commence to build tube burrows. They attain the
commercial size for fishing bait, 0.3 ¢ in body weight, five months after hatch—
ing; their color is similar to that of the adults. Most individuals probably

mature in the next fall and die immediately after spawning (Figs. 12-14).



4) Laboratory experiments on the regeneration of body segments showed the follow—
ing results. The anterior parts, including the head region, even wheh redhced
to one-fourth of the total length, successfully regenerate the posterior part of
body with the pydidium, but the posterior parts never regenerated the anterior
segments, even with up to three—fourths of the total length intact (Figs. 15
and 16,Tables 5 and 6).

IV Spawning behaviour

1) Under labolatory rearing the spawning season was from April to August at
water temperature of 18-28 T; the peak of spawning occured from late May to mid
June, when the water temperature was about 23 C. The ratio of males to females
in swarming condition was 1 : 1.3 (Fig. 17, Table 7).

2) The spawning took place at night, mainly between 1—3 hours after sunset, rep—
resenting the typical nuptial dance. No special relationship between swawning
and lunalism was present. The eggs and spermatozoa were shed from the posterior
parapodium of the natatorial region in the variety vallata, while they were shed
from the anus, with mucus, in the variety brevicirris (Figs. 18-20).

3) The coelom of the spawning individuals was filled with gonad. The difference
of the body weight pre- and post-spawning showed that the number of eggs was
significantly' related to the female size and most females, 0.3—0.5 ¢ in body
weight, spawned about 30,000 eggs (Figs. 21 and 22).

V Laboratory rearing _

1) To ensure a breeding stock of worms for aquaculture, it was essential to col—
lect these worms from the field in the fall. The collected worms were immediately
stock in a container at a density of 1,125 individuals/m*, or about 0.8 k¢/m (Fig.
23, Table 8).

2) The females spawned at water temperature of 23-25 T after a total effective
temperature of 5,500 CT-days from hatching (Fig. 24, Tables 9 and 10).

3) The results showd that maturity could be accelerated using heaters or a hot—
house in the cold season. The swarming worms were kept in water 3-5 C higher than

the seasonal temperature and blown with a gentle current from a syringe to induce



the nuptial dance. These higher temperature and gentl blowing of the water were
effective for inducement of spawning out of season (Table 11).

4) Periodical tidal change is not necessary for rearing of this species. Under
moist conditions, when water was absent, the eggs hatched out normally and also
the larvae showed the same survival rate as those treated normally. In wet sand
the adults could survive for four days at 20 C (Fig. 25, Tables 12 and 13).

5) Eggs hatched out normally in water at temperature higher than 7 C and the
larvae, Juveniles and young survived at 12 C, or higher. The temperature tol—
erance range of adults was —0.8 C to 45.3TC and they took food, usually, above 12 TC.
They also tolerated transfer several times between 5 C and 25 T, at two hoursly
intervals (Fig. 26, Table 14).

6) Low salinity, lower than 24%, influenced the hatching and survival rate of
the larvae. However, from summer to winter the young and adults tolerated fresh—
water, but the body swelled gradually in diluted sea —water and shrunk at higher
concentrations. In fall, especially before the spawning season, the adults were
apt to die at salinities lower than 25%. (Tables 15-19).

7) The worms remained quiescent in the middle layer of the rearing substratum
at dissolved oxygen (DO) levels exceeding 2.0 ml/l. They crept up and showed ir—
rigating behaviour near the entrance of the tube at 1.7—1.9 mé/1 of DO and , fi—
nally, emerged from the tube, leaving their head in it, at 1.5m¢/1 of DO (Fig 27,
Table 20).

8) With increase in COD, to levels higher than 51 ppm in the rearing water, the
worms showed the same behaviour as for low DO conditions(Fig. 28, Table 21).
9) Although the worms occurred in the field in substrata of mixtures of pebble..
gravel, and mud, they were successfully kept in any one of these materials alone,
except for mud, in the laboratory (Fig. 29, Table 22).

10) An artificial food for the cultured eel (eel diet) gave the best feeding results
for adults and young. It was scattered over the substratum, with the water drawn
down to a level just above the substratum. The food, which is cultured marie
chlorella or dried fresh-water chlorella mixed in equal proportion to the eel
diet, is the best of those tested for juveniles and this food, suspended in sea-

water, was poured into the rearing container (Figs. 30 and 31, Tables 23 and 24).



11) The results of test cultureds showed that the maximum production was 830
worms, of about 250 ¢ in weight, in a unit container; 3,000 eggs were introduced
at the beginning and three litress of marine chlorella (1 million cells
/mé) mixed with 321 g eel diet, were added twice a day for 134 days (Fig. 32, Ta—
ble 25).

VI. Mass-—culture

1) Mass—culture of this species in containers and artificial or natural beach
areas, has been established by the data from the above mentioned experiments.
The culture apparatus of the container method and the artificial beach method
are best located in a hothouse to obtain the juveniles reliably and to produce
rapid growth. A suitable food for these two methods is the eel diet. In the
natural beach method, the juveniles, obtained by artificial hatching, are released
on a beach which is selected for similarity to the natural habitat of the species,
and, if posible the eel diet should be employed, as food as in the former two
methods (Figs. 33-35).

2) Mass-culture planing by these methods are studied which are amount of culture
materials and others. Based on survival rate in each developmental stages and
other culture coefficients, 1 kg in weight of parental worms yield are 1,000 kg of
bait worms (Tables 26 and 27).
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