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Planktonic Structures in the Rearing Waters of Pagrus major and Thunnus
orientalis Larvae

Yoshizumi NAKAGAWAl, Tsuyoshi NISHIDA, Takuya HasHMOTO?,
Tshiro Nasu', Shigeru Mivassa'

Planktonic structures in the rearing water of Pagrus major and Thunnus olientalis were examined quantitatively during
the early larval stage. In the P major tanks, survival rates on the final day of rearing (14 days after hatching) were less
than 28%. In the early larval stages of P major, biomass ratios of autotrophs/heterotrophs in the rearing waters were less
than 0.65. In the T orientalis tank, the survival rate on the final day of the raring (12 days after hatching) was 14.1%.
Heterotrophic plankton dominated in the planktonic community in the rearing waters, except at 4 days after hatching.
The composition of microbial components from bacteria, heterotrophic nano-plankton and heterotrophic micro-plankton
was 16.6% at 4 days after hatching and increased to 62.3% at 11 days after hatching. A low A/H ratio in the rearing
water of larvae means that the rotifer food condition is not good. An increase in microbial components in the plankton
community, something that it is difficult to control in rearing waters, means that larval rearing is difficult. The present

study suggests that planktonic structures can help explain the survival of larvae and the difficulties of larval rearing.
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{LINE — IR T A AFROEYFIRE OFREE & 72 2 nTHEMENIAD TS S 17z (Nakagawa et al. 2005). L
MUIBING, 7520 N UHEREDEAL/NY — O IMFRAOEYFERE S 125 2 EOFRMEEBH S MNTT
BTN, A BMOEEB I OMARIZB N TS ZOBREHSINIT 208 ND 5,

AFETIE, YY1 OYHEBKENDO TS >0 b O REBEOBEE S AREE OBREFEL, 0
FHEFEOEME AR Uiz, £, ZOMEFEEZRANWT, REEEFENSAETH L7 07 OFAD
TI0 N HEBE R LT,

HEBLUHE

RIAFEET <1 OFEFAFEL 2005 4 5 A 17 A~6 A 1 BIGHERFKPERERN Y ¥ —Hik
BEZITBNT, 200L RYH—R KA1 bKE (Nol BELUNo2) ERWTIThONZ, HESITIgREK
R 7 —HEFEESICB W THREINC X > THEINIIE 2.0x10° eggskL &725 X DIZFHK
LT 4.0x10° eggs 27K L7z, BIEHARH O 1 B 7= 0 OBKRIL, 30~100% & L7z, HRICI,
AT EERL, 12835 (6:00~18:00) 12 KEH1 (18:00~6:000 &L 7=,

WML 3 BSOFENSERT -2, FMEKICK, BRERENS 9 BEETHATREEEL-
Nannochloropsis sp.% 3.0x10° cells/mL DR E 725 K HIZ 830 IZHRMLZ 3 HADH 13:00 IZHI . 10 H
LA, Nannochloropsis sp. DMFERILINE L 125 72728, Nannochloropsis sp.DE D IZHIROBIKIENE 7 0
Lo (B7ulL IV, BAZOLITEKARM Z2mLEEKICEMUZ. TASOREE, 9 HEE
TIE1 H1E, 93017y G AFDHA13:30), 10 AFLIEIE 930 BLT13:30 iIZfTo 72, FEERIAMZEL
T 3~10ind./mL DEE L7 X DIFEKICT LT ZFMEL, HBENE, HROSEREE () 70
A, BESU Ty IHgAEt) ERWTEERMIERE®RIL U, K TRHTAERL T2 ik
LA O

o s OFBEAT o</ uodiifRE, 2005 47 A 22 H~8 A 4 BIGE#SREKERFER 7 >
& —BEFEGICBNT, 1kL WY I—RRA1 MK ERWTTONZ, NSRS KEREREE &
B —FREBEBIT B W THAREINC K > THE S NZE0% 2.0x10* eggs/kL &725 X S ITFHREEIEICL -
THEAMEINE Uz, FEHERO 1 Bd7=0 OZHKED, 50~100%& Uiz, HFITIE, #ETEEH
L, 12888 (6:00~18:00) 12 F5HH (18:00~6:00) &L 7=,

fafEld 2 Bah 5817 72 SEKICHE, (GRERREY 5 9 B £ TV TRENEE L 72 Nannochloropsis sp.
% 1.0x10° cells/mL DEE L7225 X DT 6:00 BEN 12:00 IZHFMU 7z, EEBRKZ®EL T 4 ind/mL OEEE
725 XD IEBEKITT AT % 7:00, 10:00, 13:00 BEN15:00 ITKAEEL, FAEHRTICIE, MEROsERMEA] (%
U7X, BEYU T v 7S 2RO TEERRRRIE L LTz, B TR O4 FREAE
13, 5L E——Z2HWTHREEE TSN,

HB KDY TG FHEKOY L TY N, YT 1030 BEROZ O 7O TR 16:00 DFN
FHAEE 1 FFRICER, S50 UOA— M L —TI2&k > THE I N ) A Fa—T 2N TEKE
fiolz. PELFERREZ T 5720 0iKIE 500 mL E—h—I1Z8K L, KBIZERRIBES, BAGEESR
IBEII/KEET Model 83516043 (WTW #1), /M2 E Cond 3151 (WTW #h) THRIEL 7z, F7z, K/KE
HOEOKER 15 cm EORE (Ix) ZREET IX-1330D AN RS L) ZRAWTRIEL 7.

WMAEY A ORAKIL S0 mL OHY> 7)) O TREITEOK Uiz, 8K, NIZTUT7BXOT INTT 1)
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7, EaABXOF ) TT520 b UEHEB LUOEHAAORIKIZ 20% 70V 7 —IV 7 VT & RIEKE GRKIBE 1%)
TEEL, 4CTHRE Lz, i, 1707527 F 2 BXOT LT OFEPBLUGHUAOHKIL, BtV
T—)Vik (FIBEE 2%) CREIE L7z,

RERBEENITUTELOT/NOTFUTORE TV Y—IT7IVT e RTEE I KL D, N
I5UTBROTT NI TUT OEENCTMNEL 5~10 mL OiKIZH LT, 5 pg/mL IFRELZ
DAPI 24- 732/ 2.7 x )b 2 F—)b) ZERHEEBETOS pgml &725K51205~1 mL ML, &
AT C 10 7L BB U7z (Porter and Feig 1980)« =D, BEE25cm, FLE 02 um DREARD fj—R%—
RADTVL T4 NI —THEBLE, ZOB, MEEMOMRERELLNWEZDIZ, TAEL—5—0k
FIEIX 0.02 MPa L FICHREE U 7=, IR T4, BHIC7 4 VY —EENEMSER DR T 1 K77 X EiZot,
ZOLERAR—2a ANV ERE LR, IN—TIATHALKL. BROFETERLZTLNT— K
13, BEERE TI8C DM THRE L,

RS, WEENOEFEIECEAMSE (Nikon ECLIPSE 500 ZAWT 1000 5 (f ~—2a A JVEERD
TITo 7z, UV L FIZBWT, DAPL THE I NZEWOKBIIERWAEERT 5720, FEEPRITEX
MTBHIENTES, £, T /NTFUTERUV THET 5 EFHBHDINIA L > PROBRICEF
9%, UEOX DR EZFIA L TEHE T, NI 71U 7IZBIL T 20x100 um OEIREETNIC R Z 24
faBGEr 400 ML BIGET 2 ETiro /e — 4, ¥ 7 /N7 51U 71 100x100um OERETFRICRZ 5
Mg EDa< &5 50 HELL LG U 2, B5NEHEEL, SRAICEEK 1 mL FOMEKEE
(cellsymL) & U THRH L=,

EMEIBLUT /TS50 b OOBEE RTEEFERRIC, TV VTV T e RTERE SNiKkE D
SHEL 72 10~30 mL OF/KIZH L T, DAPI ZEARBEE T 0.5 ug/mL E725 X DI L, WK T 10 431
Lt Lrz, $DT, 0033% WWICRELZT7OT75EY Ge-PTI/TIUDL) ZEHIEE T 0.0006%
LixBXDIT02~0.6 mLARML, WIEFRT S G L7 (Hass 1982), D8, EEZ25cm, FLA0.8 um
DHEBRUT—RR— KA TL 2T 4 )V7—TlHEE LTz, 2O, M5/ £ ORI E R Ui 7zoH1g,
7 AL —5—OWGIEZ 0.02 MPa LU SRR Uz, 18K 71, fiEEFEROFIETT L /8T — M EIER
L, BB E T38C OB THRE L.

BT, WA OEREOEMEE T2, UV B FICBWT, AWl s JEeykTa X
T BDIENTED, £z, REMEIETICTBNWT, M FREREMIIREOERILEF T 2720, WHEH
BEYEMETHIENTES, THIZ, HEMEETIIBWT, 7075 ks TRAINZY 2N
JHEEEENST L D OEDNEFHT B-OMIET A AOMEICFIATD ZENTES (54 1984).

PLEORHEERIAL T, £, FZEY EBEZEYERIL, REAY) EREEREEYIIE L1,
RS 70A—F—Z2FWTHIIEY 1 XZ2RIE Lz, 550 EIEEN SO & REsfEMAAE L TR
DM EEH L, SHEEKIKER (Equivarent spherical diameter: ESD) % &HE L7z, =L T, ESD A2 um
PUF O M3 et © O B4 (Autotrophic pico-eukaryotes: APE) B & OMEERENE Y B4
(Heterotrophic pico-eukaryotes: HPE), ESD 7% 2~20 um ORiffd 23k T/ 75> 27 h > (Autotrophic
nano-plankton: ANP) BRXOEEHAENET /752 b2 (Heterotrophic nano-plankton: HNP) 1Z53EL, £
FUTDNWT, #IRET (100x100 um) HICRZ DHlfask A D7 < &6 50 fHEFLA EEHEL 7=, 50 MR
TZIR WG RIS ZRIE Uz, 50 MIlEZB A 2358135 > MR AR 50 Mgy 1 XEHIEL,
FTOEEREEEHRL T, KEBEETRIPWZ, 2B, FRXOEEROEZRDTIE, Zhs 04kt
#%&, FHNEIAPE, HPE, ANP, HNP &Kt L7z,
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RAOOQTS500 by BLUBT AL O®RIEE BT —)VTEE I NZi0KkE D A7 —)V 2/ 272 50 mL
DY T UEERT A m HEL, 24 KU EFE L%, Y1 74 20k o T4 mL ETEMLE. £
D, AHNZIHIVERY MIE>T1mL OFKERIOERD, EHEECHEESEE AW THEFOTT, 100
B/l 200 FETEHEL 7o, EEBEE, BB OWENES JOWERRIIHEIE< 1 /70 A5 —ZHn
T, HERUZ2HIBICOWTEHEL, 24 ASGBARR 50 MllR0Y1 X&2HIE Lz, HinT, S5/l
EME L D MIEOR Z FEaFE AR & U TR 7-flifadfE 28 H U, ESD 258 U7z, ESD (23T, 20~200 um
DEFEFEEM RENE 1 707527 b2 (Autotrophic micro-plankton: AMP) 173 EL, ¥HEHEB LN
e R ESRENE (/7 15 > b 2 (Heterotrophic micro-plankton: HMP) & U7z, 7 A AT2EE
BLU, Y7 0A—F—2RNT < & 20 EROLZEB L REZERIE L/,

BTS00 M DRFR WEFBUNITU 7RIS T INTTU T ORERIL, FHEH 003 pg
Clcell (Fukuda etal. 1998) ¥7X0.15 pg Cleell (Waterbury et al. 1986) ZfifufimEICR U TR L.

EaBIRF /T 520 F 2 OxFERIL ESD 78 4um AOMAEE ESD 4% 4um LA EORFLEITXBIL,
RERE C, MEEEZ Y ELT, TN EN FIoRTHER 28 L TRz,

ESD 7% 4 pm AWEOHMIE (Mullin 1969),
C=022V
ESD 7% 4 um BA R O#E (Strathmann 1967)
Log1oC = 0.866 Log;o V' —0.460
B ORFRIIRFRE C, Mgtz v & U T U MORTHER 2 W TR /= (Strathmann 1967)
Log;oC = 0.866 Log;o V- 0.460

¥R B KOS REORERIT, TNEN 0.13 pg C /eell (Edler 1979), 0.19 pg C/ cell (Putt and Stoecker
1989) ZEMfEEEEICR U TEH L,

T LI DxERIE, £, LUFIRLUTZ Stemberger and Gilbert D[EIFEI (Stemberger and Gillbert 1987) % F
WTeE (1) »oigER M) 2HEHLUE

DM =31- 101" ,
rERIT ERIC K> TESNEMERIZ 048 (Anderson and Hessen 1991) %3 U TR,

B R

YYTAEHBKEADTS o MU BEEE Nol BEUNo2 KEITBIT 25HE1% 14 B TOFADETR
R 275%BLU209%TH > 7z,

frAfAESEPOKIRIL, Nol BELU No.2 KETIE 18.8~21.0CTEIL L 7=, No.1 BEU No.2 KM
5313 34.0~34.9, BERFEEIL, 94.7~115.7% DM TEEL Uz, T 5 YL EREISm/KERIC R E 72
EWIEASNBN DT, Nol DHEL 836~1003 Ix, No.2 DHRENL 439~487 Ix DEIFH TH - 7=,

No.l BEW No2 /KBTI BT 5 > 7 b UBER, AR TIREATHNZ2E L TieExsEit ) s
L7z (Fig. 1. MEMETIE, NITUTNEEL, Nol TIET I 0 N EYBRD 644~921%, No.2
T 76.1~973%TH > 7z, FREHEDNT T U T OEIGE, WAKE T 4% TH o7z, FafERBRIASNT
Mo, TASHERGEBRL, TAVEYMROEIEL, Nod Tl 423~66.9%, No2 Ti 32.5~69.0% TdH
o7z, ANP AEYIBEDOEIEIL, No.d TIE 14.5~34.5%, No.2 TiL83~44.4%TdH>7=. No.l TD HMP A ¥1&
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Fig. 1.  Percent composition of each plankton in carbon weight to total plankton biomass in the rearing
waters at No.1 (left) and No.2 (right) tank during the rearing of Pagrus major larvae.

Pagrus major

08 |-

06 |-

04 |-

Biomass ratio of
Autotrophsiheteratrophs

02 |-

L1 |
2 4 6 8 10 12 14 16
Days after hatching

oL 1 1 1

Fig. 2. Changes in biomass ratio of autotrophs/heterotrophs (A/H ratio) in raring waters at No.1 (opened) and
No.2 tank (closed) of Pagrus major larvae during the rearing periods. Curves show regressions between A/H
ratio (Y) and days after hatching (X): No.1 (solid line), Y=0.59 ¢ 00X (n=11,r=0.699, p < 0.05); No.2 (broken
line), Y=140¢ *** (n =11, r = 0724, p < 0.05).

DEIGE, GRS TR T N> THEML, 14 B THRKERD 254%TH D72, No2 O HMP
d, 7HETERRKERD 71%TH o7,

MSToREEEYIABRER A OEYIELL (WH D 13, FBENBEBINTHSDRIOY > 7Y 7T
&, WA TO0.65 KHETHo7z (Fig.2). AFMMEZEL TH, AHIIZ1EKHETHD, 14 HHITHAN>T
BT BEENS ST,

OO ORBKERADTS o b BEEE EREKH bE 12 B BT 5707 0faD
HEERRIT141%TH > T2,

FAFEERMPOKRL, 262~27.7C TR U, I 34.0~343, IBGEHERIEEL 86.1~104.9% DfH
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Fig. 3. Percent composition of each plankton in carbon weight to total plankton biomass in the rearing waters
during the rearing of Thunnus orientalis larvae.
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Fig. 4. Changes in biomass ratio of autotrophs/heterotrophs (A/H ratio) in raring waters of Thunnus
orientalis larvae during the rearing periods. Curve shows regression between A/H ratio (Y) and days
after hatching (X): Y =1.07 ¢ ** (n = 12, r = 0.653, p < 0.05).

T2 U Tz, KA R D HREEL T 3430~3740 Ix DHIH ThHolz.

JORTORMCBT DTS20 b EER, Mk 4 BRz2REtERatreyn a8l (Fg 3).
FEEEBRGARTIS, NI T U T EE L /-, GEEBRIARE, ANP AMIEOEISIT 14.9~56.5%DHEBTELL, 4
HRICERAER STz, TATDEIGIE 182~40.9% D& TEL L7z, HMP OEIGIL, 3 HAIZ 4.0% E &/
THholz, TOREEDRERIZHE> T HMP OFIEIZEML, 11 BRIZ350%E&KNIIR0, 27527k
CHEOPTER L=, N7 7 7, HNP BL U HMP & OEMAEYI — THREY OEYROEIET,
4 HBEITHRB/NEL 166%TH D7z, TOEMEYI— THRAEDOEIE AT ORBICE-THEML, 11
HRIIRKERRD 623%&780 77,

FaBEBAMAIF O AH T 064 TH o7z (Fig. 4). AH T4 BRT130 &RAERD, Z0O% 12 AHICH
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Mo TR LUz, 2 AS05 12 BFETO AH HEEEEEXTIELT 5 &, AH L, 2 Bah5Een
WD BIEMINA 5Nz,

Z

pi

TS50 N BEEEOEYFHBEORER APICEITS Nol BE U No2 KD~ &1 {FEDHE
b8 14 AS TOETRERIL, 28%AKH AEVMETH o 72, WK AH I3, FAEEEHEAR T 0.65 K TH D,
0% 1 WA DT EI13EL, 8 HELBETIX 04 RiGTH o 7z, [FRADYISEHE KEZFAEERE L
—DOAERERE U THRAINZEIL, Nakagawa et al. (2005) L2vaW, AW TH SN AH HLOZM b 04
— 213, Nakagawaetal. (2005) DAFRERDE No.2 KDL /XY — > EFFRIL Tz,

YA RAEKEDES, B AH IS, FEKFOT LS OEREENMHEMIIEL, FAEKFOT LY
OREMNPDTH T EEEWRT D (Nakagawa et al. 2005) . AFLICBVT DM HFEEEY OFET, HE
TKFEIZ#% A S 7= Nannochloropsis sp. C 5. Nannochloropsis sp.td, FBAKEH DT L OHEM (03 Rim
EARRHFINEITE (0-3HUFA)) OHEFFICEE TS (FHILS 1995), fERIE U TGREEE NS T AT D 0-3HUFA
DMFHEOEFRICKERFEE RITT T EITASNMIINTNS (Watanabe et al. 1989; Takeuchi et al. 1990;
Watanabe 1993). LA EDZ &G, AHRDT YA FRADKNAERED, KEMOGWEZEE LTS Z
EINTEBMOTZZ EITHKT HEEZ 535, Nakagawaetal, (2005) DFEER & HRD SO
ORENRL DD, HEKTOTS 7 b OREREDOEDL, ZORDIFAOERDIVEYIERREED
EEEIBZ ENEZ NS,

OO OFREBEKICEITS TS0 M BEEE HAHEFNE Q BXU3 B D AH HiZ0.64 T
HoTED, TS OEREREE UTANP/Y LAY DIEFIE TS &, 1.0705 1.9 Th o7z, THUL, Nakagawa
et al. (2005) DAEFEROEVVKIFIILRNTEVMETH 7z, AETEZSY U > J Ler o7 OffE/KE
DT L OFFEEREET, AFED <Y 1 DFEFRB LT Nakagawa et al. (2005) OFER & L TX DiTE
TH o IZIEEENH 5,

v MFREAEKECHB T2 TS 27 b URERGE T, EMIL—TRREY ONJT Y, HNP
BELY BHMP) DEMEDOEIGIIEE OREIE> THEML, 11 BRIKEET 27 F 2 AYERD 623%IC
Bolz, WENV—THEREDICHN T HBERHEOEIGIT, mAT 571%EE8 L, U, IT1HEE
TR TIER TR WEYE TH > 7o, —RITHEHFEOEERE AR R EFIL, KIRIZHEIL T
& <78%% (Miiller and Geller 1993), 7 OIY 7/ THF R E/KAEIC BT DREISEORWEYRIL, rov/ O
OEFEKIEN 262~277CEBNT EITHEL TWB EEZ 5ND, —F, TATOEEETIE, ek
DEIMIT L DRBERDORKD—DTdH S (Chengetal. 2004) . T LNT, FADIHE U THEKEITH
AINDzD, TAY EHTBEHEOFHEKENEAL, HINT% (Chengetal. 2004). £/z, HFEEMED
BNTLASERELEEE, IYTAOERED, BHEOBNWT LA THE LZREL D K< 2D (KH
5 2004), ZNHDTEMNS, FEKETOMELEOMT, FHEKEHDOT LT OREBIHEEEGZ,
FERE U TUFADAERICODRET 2 0IREENE 2 55,

7RI OOEEKE T, FHECRERICHES T, W — T OEIREY OEIGN< T A (&Kl
EHARTELEo72, TS, FAEKENTHRI T AT~ T (Nannochloropsis sp—"7 In>
—J O IMFR) NLRIINF—FIRENMab > ThRnafREE 2 ZATWS, MEYIL—TDa 2
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A=) W3EL <, 7520 b UBEBEDERNWSMEIIMNS S, 7O/ IUFRAOEFEENEL W LHHEE
TE%, 9%, /O OfFROERROMR EEZBET 0L, /o ofFAfEE g0 TR F—
7 O—OFAB RO OV O OBEHERE, SFFEKENTHENT 58— THBREDI > ~o
—IVEAN DR ZIT D BEND B,

YA BLOY O 7 HFAOYAERRIPICFEEKTO TS >0 b U REEENERBNICGRE S N,
T AFEEE K (Nol BETUNo2) Tid, EBREKH ML 14 HEY) TOEEREIL, 28%KWTH
o7z, FEEHBHIARFOMST SR A A BB A OAY R (AH L) 13, 065 KL KL, HERIRZ
WU TIEEREE YN8 U, 7O TFREBAE T, EREEH (M 12 HR) TO4EKRR
&, 141%TH-o Tz, FHbE 4 BEEBRWT, WEEENEYIFE KT TER Lz, NITV7, WtExR
BT ) TS50 N BXORA7OT T 0 N UINSRBMEYI— TRREYD, L% 4 A5 TR
16.6% TH o 1=, TOREE ORI THEMML, 11 HRIZIE 623%ICE > 7z, FRAFAEKEIZBNT
& AH F, SEKPOT LS OEREBRENTE TN L 2BKT 5, £/, FMEKPOBMEN—
THRENE I POV B I EFE L <, FAEKFOMEYIL— TRERED OB, (FRFEI R
THDIEEERT D, HEKPDOT T 2T b UHESEDFTAIMFREAE OB L I 0T OBRDFRDETR
AT B Z EINTE B IHEMEDS, AWML K> TR I /=,

I

FRZITORHI, WHHE W2 WEER R KEREET 7 > 5 —BRERS OB R B LU
PERBRMIE<SBH# L LT 5. AMREITOWRE 5 X TIEE o IR A KEM SRR AR HOK
EEs 5 NCHBIFFENE BERIOLE D BILRL ET5, A#R30E, SRS 21 % COE 70/ 5
I 170~ 7 OSEOREEFRTHE SRR LR REMBI&B LT COE HEFIFBIRE DX
B2 TUTONIMERR TH S,
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