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(1) The immunotoxic effects of tributyltin on non-specific biodefense system in
rainbow trout (Oncorhynchus mykiss)
Ayako Nakayama, Yoko Kurokawa, Eijiro Kawahara, Naoko Kitayoshi, Hiroya

Harino, Toshiaki Miyadai, Tadahisa Seikai and Shinichiro Kawai
Jap. J. Environ. Toxicol., 8 (1), 23-35 (2005)

The immunotoxic effects of tributyltin (TBT) exposure on the respiratory burst activities
of neutrophils in head kidney (HK) and peripheral blood(PBL), and lysozyme activities of
plasma were examined in rainbow trout (Oncorhynchus mykiss ). After fish were exposed
to TBT at the concentration of 5, 10 and 20 i g/ L for 5 days, and 5 ¢t g/ L for 14 and 28
days, leukocytes obtained from HK and PBL were evaluated for the active oxygen
production by flow cytometry (FCM). The contents (%) of neutrophils population in total
leukocytes collected from HK of fish exposed to 20 g/ L of TBT for 5 days was clearly
increased compared with the control group. However, respiratory burst activity of
neutrophils in the exposure group decreased compared with the control group. The
increase of neutrophils from fish exposed to 5 g/ L of TBT for relatively long term
exposure (14 and 28 days) was observed only in PBL. These results indicate that high
level exposure of TBT stimulated immune function of rainbow trout temporally, and
neutrophils were actively produced in HK, however neutrophils themselves showed weak
productivity of active oxygen. It was observed that lysozyme activities decreased in the
group exposed to 104 g/ L for 5 days, while TBT concentration in blood increased in
accordance with the TBT concentration in water ranging from 0 to 10ug/ L. We
supposed that immunotoxic effects of TBT were apparent both as immunostimulative and
immunosupressive, and these immune responses might be dependent on the TBT

concentration of exposure.

(2) Euryhaline Brachionus strains (Rotifera) from tropical habitats: morphology
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and allozyme patterns
Tomonari Kotani, Atsushi Hagiwara, Terry W. Snell and Manuel Serra

Hydrobiologia, 546, 161-167 (2005)

The euryhaline rotifer Brachionus is a complex of sibling species. Although many
investigations have been carried out in the past, the relationships among the Spanish
species, the tropical SS strains and the clusters previously described, remained unknown.
In this study, allozyme data for five populations from the tropics and two from Spanish
lagoons — one of them B. tbericus and the other B. rotundiformis - were combined with
data from the previous studies. Cluster analysis based on genetic distance allowed the 74
strains to be divided into two major groups. One group was associated with B.
plicatilis-like strains, and the other group was associated with B. rotundiformis and B.
tbericus. This latter group was divided into two clades. One of these clustered most with
the S-morphotype strains and the B. ibericus species. The other clustered most closely
with the tropical (SS) strains and the B. rotundiformis Spanish species. These results show
a correspondence between the species description based on Spanish strains and the

allozyme groups identified in a larger collection of strains.

Performance of aclosed recirculation system for larviculture of red sea breanm,
Pagrus major

Tsutomu Tomoda, Hiroshi Fushimi and Hisashi Kurokura

Fisheries Science, 11(5), 1179-1181 (2005)
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B, AWIENE, BRE L 7R IO ERE THER Lz, £WEhai
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HERNX AT LD~ XA BHEE~DISHBTER S 117,

Thermal tolerance traits of juveniles of the ayu Plecogl/ossus altivelis and
Japanese flounder Paralichthys olivaceus evaluated by their caudal fin cells
Kenji Sakamoto, Masamichi Nakajima and Nobuhiko Taniguchi

Aguaculture, 246, 93-99 (2005)
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The thermal tolerances of the ayu Plecoglossus altivelis and Japanese flounder Paralichthys
olivaceus were evaluated by assaying the primary culture cells and free cells from their
caudal fins (at 43°C for 2 h) in comparison with the whole body tolerances of juveniles (at
30°C for the ayu and 82°C for the Japanese flounder). Primary culture cells and free cells
were assayed separately and similar results were obtained for each type of cells. The
thermal tolerance values observed in the whole body were significantly correlated with
the values obtained from both the primary culture cells and the free cells. These resulté
suggest that there is a significant correlation between the iz vivo and in vitro thermal
tolerances in these fish. In the case of the ayu, significant differences were observed
between two lines for the mean tolerance values evaluated by all three methods. This
finding suggests that cell assays with primary culture cells or free cells from a caudal fin
clip could be useful for evaluating the genetic variation and genetic mechanisms of

thermal tolerance of fish.

Immunostimulatory effects of fermented vegetable products on the non-specific
immunity of Japanese flounder Paral/ichthys olivaceus

Takayuki Ashida and Eiji Okimasu

Fisheries Science, 11, 257-262 (2005)

The stimulatory effect of fermented vegetable product (FVP) upon the phagocytic and
superoxide generation of leukocytes was studied in Japanese flounder Paralichthys olivaceus.
The phagocytic activity of casein-induced, intraperitoneal leukocytes was investigated
and quantified, that is the activity significantly increased (P <0.05 or <0.01) by the
addition of FVP beyond 8mg/kg body weight. Further analysis investigated the effect of
FVP on superoxide generation in leukocytes. Established iz vitro cytochrome c¢ reduction
assay was used to measure superoxide generation; reduced levels of FVP in assay samples
had a profound effect on superoxide generation. FVP was also incorporated in commercial
diets and fed to Japanese flounder for 4 weeks. Thé phagocytic activities and superoxide
generation of peritoneal induced leukocytes were significantly higher (P <0.05, <0.01) in
fish fed the FVP supplemented diet than fish fed the control diet. FVP feeding in fish had
a significantly higher (P <0.05) activity of lysozyme than in the control fish.
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TITAF v 7 iE3HA DEFEICRPERVEMTHIN, BEINETTIAF v 7T,
RIEPICROIMEE L Oke REL ST, EFCBWTL, 9—X b7 4
I ITRTTAF v I b OCEME ORI L DUEEEY~DRENFS X
NTWD, ZOXIRERNPD, £OHETIXF v 7 OBRBERED LN TEY,
FTCICHBICHEIZ OB TN D, L, E0M@EIET T XF v 7 D4 iRMERE
X, ROONTFRHFICBT DoEEEEEICLTEY, BRERICBT ELEOE
EXEo 2R REWV BENDBENRET T AT v 7 DRBENSBES LTV
D0, BETIXESRMET T AF v 7 O REITHEIELS, $r AP OEEDK
BOREHBENT COMTEEEXOND 20, BRERBREIIRITIRETH D,

OERF

HEZAYE/ ) OHEBRILICES T &R FOBN
WAED - BHFI - IWFFE - ZRRE
HAREHFFRE 29 EXs (F#). #HEESE. p. 94 (2005-3)

EZERIIHEYOLERICRARRFKBLRE TH D, —RITHDIL, HIRPIRIT L 7=
BEA F R TEER (NR)ICK > THEEBA A ISR L, S OHICHHERET
BERE NIRICE-sTT VTV AL A VBT LTT 2 JBBARICANS Z &N
MONTWD, HBRICBWUIZERRHEBICET oM - 0 F L~ L TOMFEI
IR, READESNE D, ZZ THEAY L/ ) 2R E L TERREE DR
HEZ B Lz, AV E /Y OBEIERE) LRE L -FMHEE»S NR 8L O NIR
DIEEERE LTz, D&, 2T S DNAFEFTOAYE ) V EST T OFE#RE S &
{2 30RACE JEIZ &L 0 cDNA DHBAEIT -7, FOFER, BHEL/- MR AT/ %2 a—
R4 % cDNA1Z 2,987 bp DE X T892 7 2 /BAREMN G725 ORF %, NiRAKEw S
Za— R34 5 cDNAIL2,226bp DEXTHI8 7 IV BEARENG/RDORF Za— KL
T\, BEETFEWMIIER Chlamydomonas Db D & B WHIEIMEZ R~ L7= (NR;
46.5%, NiR; 55.3%), EF—T7HREDOMHER, NR TEEY 7T ENLDOEFEE R
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AA VD, NiR TS/ A AUV B IOV o ~LEABAREFNENHESNT, &
DIZAEMBL3 DAY E ) VT ) LTATZV—=0D MREB X NiR BT %2 BB L
TN &AToTo, MBEBTLbA Y b FEE Lol BIE, MBLONF
B FORRERE AW KBENTOS VX7 EORBREZRL TS,

HEIXHE/UDTILAYERR T 72— EEFORRBRHT
ZHRRE - H/KER - WESEIE
BEREHEXYSE29MARE (FH). BEESE. p. 94 (2005-3)

KIENFEED ) VBREOBEISHEEBII AR EANREN, T THEAYFE VDY v
B OREL(CICEIS LB FORBAGHEOMIA L B Lz, x koY
ol VEBREEERVEEEH (-PL) TERE LAY v U EREIZHB VT pH8
WICE@EpH 227 N AV ERR T 7 % —F ALP) # RH L7z, %2 T-Pi TigE
LIZBRED LIRESE, FVERBY T Lo u< N7 40—, [RAMNEBEICLY
B—Tp B Ry EE TR UZER, ALP 2876 kDa DR Y X7 F R T, ZBEL
L TWDZ BB 5Tz, FERALP O N KIEDO T 2 ) BREESIH D 76 kDa
DRYXFF Rea—RT5 cDNAOHLS7a—r2HELE, RKICHY IXx v
TEERVT cDNA @ 5 Rz iRiE LTofER, 552K cDNA L, 24T 2,294 bp ®
FEXTT705 73 /Eerk# (75,159 Da) 75725 ORF #2— KL Tz, #E LD
Taty U THMOT I BRI ERERALP ONKIEED S D & BRERC—E L
TEMMBHREELT 658 7 I J BRFEE (70,570 Da) MHRD T ENTRBENE, ¥
TXERLALP D N-7' U B F—BIZ L 20 MREEY & BT LT, ALP 13 6 kDa D N
BFESEE OB VNI ETH DT EBRTRRENT, EBIL/ =Y UBITCER
B PCR 21T o 7= fER, U VEEALARS T CTHREEMITH 2, 600 base D ALPBInF DR
BEEMDFEERNE DI,

HEXYE/ Y OBRBINUEEE T DELRF DR
IESELE - A HEL - ZWRE
HAREFRE 2 EXE (RE). #HEEESR. p. 94 (2005-3)

BHRITHEDICE > TEZBICHNEL SNDIEEREEITLRE TH D, MRRIIIIDOWFE
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WM EFEE LR OlAKFTOREINLZEREZRRNLCAMCHAL TS L&
ZoNDN, HROZBZRINEBIZ OV TIIRHRENL, AT, IR
Ve ) OERRIEEL ST LIV THEATAZL2EME L, EFWIUCED
5T AR Z—BEF O 21T o712, £, EST ST DIEHR A S & 12 30RACE
B XY cDNA DERBEZ R T, TORER, Mg F T VAR —F—ORT) HEB 7%
I— K95 cDNA (X 1,876bp DEIT 479 7 X/ BEBRENSLRD ORF &, —F 7 v
BT T UAR—F — (MM RET % a3— N335 cDNA L1, 833 bp DF & T 483
T BBEENLRDORF 2a— NLTWe, KBGCFEDEHRBEMERRELZLE Z
ARTEIERECE AV U H X I O NRT, BB TR, v ua XFXFR
A XD AMT & HBBIEmWMEEIMEZ R L (B E—45.2%, —48.6%), AP &/ Y
DNRTIENRT2 7 7 S U —ICBT 2 &EBFMED NRT THh D LHfEE STz, AP/
UDNRT BELOAMT OfEEE TMHIM 7’0 7 L2 FAVWTHE L& 2 A, FhEFh
12FER IO EOEEBHEEEZ b OEY VNV ETHD I EBNRBENT, OF
\Z, AEMBLA DAY E ) UGS ) ATATZ Y —b NRTEBT2ETeDNA 7 0 — 2

2

ZHBEL, BT EITolz, KBIEFIZIZA Y U BEERR Mo,

HEAYE/ VDY VEFS VRAR—2—REQTEEFOBELHRR
FHEFE - ILFFEE - ZHRE
BXERFERE 2 ERE EH). HEETE. p. 94 (2005-3)

RAVGEIIEFEOICY URHBREBICHIBRET COLEAFETEA LI A2 L oL
EZLXbND, TZTHEAYE VOV VBRI T 2 B EEE 5 F L
AT A LB L, 56, V UBIBRICOSE L TRBETHY VBB RS v
AR—F—REFr B2 EBE L7 TCHET S, Degenerate 771 <v—% H
W72 3 -RACE (ECT A A YHRAT 7 & —BBIE T2 HEET 20BRTY VBRI
S X > THRREACHEIESNS 1.8 kb O DNAMTH &M L7z, Z Ol o
BEFIZIREL, SHICAY IXy v FIEIZED cDNAD S RigERE LR, 2K
2,020 bp 22572 % cDNA 13 615 7 X / BEFR A D22 ORF 22— FLTWe, &RFE
0U—REOHR, ZOWET I BEINIT h/30 b BRBREED Chlamydomonas
B X O Tetraselmis Y VB FNTZ7 VAR —F — L ETNEHHEERMH
(31. 8%, 44.4%,31.3%) ZR L7z, WICELGFOBEELFEITLICHER, VBT &
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AR—HF— (PHD) BEFHIZ 1 DDA by (323 bp) BDEET D2 EHBHS
MR oTe, J— YU EToER, UV VEBIREET CHREMICKH 2,600
base DEEEMDHFEERBF bV, BIE, ¥ VX BERIET 5 72O HRE
ST H BRI E KIFEAN TR S, iz ¥ 7 Bioxh b HE & fei
FTH D,

HEAGE/ VDY VBEES v\ BREETORREN
AHEX - XEGF - UWFFE - ZWRE
BAREFSE 20 @AXE (R#). HBESEK. p. 94 (2005-3)

RENEROBREHEOEEO ST LNV TOM RIS EETHD, T2 THEAY
vV et e LT CBARIC T S BEISEE OB Z B Lz, Bxid,
INETICZ Y En ) VR EERVEREEH (P THE LAY E UERKE
CRBWTKEBICHFEAREND 32 kDa DX R0 BeH L, ZOZ 0
DOHSREZR FENT T B 7o OIC-Pi THEE L2 BBRED R 0, 7 VIERE, [BANER
VRIZXL Y 32 kDa D LT BEW IR Z R EE TR L, BRlY R0
DN KBEOT I ) EBRESE S EICAK LT degenerate I A4 v —% H W T
3’ -RACE %47\, cDNA Oy 7 v — 2 % Ble, SbIZAFVIXy v T EE T4 <
—{HEEEZ VT cDNA @ 5 KiFEIRE L7 fER, 5E2&E cDNA IX, 2K T 1,231 bp
DEEST 323 7T JBEENGRD ORF #a— FLTWe, RERP—RIEORK
F,323 T VBEENORDZ RV EITBECERSRBED ) VBEE S
RIBEENTNEVHRAMEZ R L, ZZCTPPIEY VEEL RS /7 B O
TR & 2 L IBIEIC o CHEAT L7oRER, & o 2 B ' 2 A O e TS
RSN &5 32kDa DX NI ER Y VEBRERZ /X E (PBP) TH D
R LTz, /Y URT & U = R & ET DFER, PBP BIn T3 VERELERIC X
STREFEINDIZEBHLNI 2T,

MTEKENAL SRR BB KENERERICSZOER

STimaAE - BERE - WY - EREX - FRMKR - IWFEE
AAEEPSFE 9 EAE RH). HREELR. p. 94 (2005-3)

HETFHEAKITIAIEPE S BN ERMEZE L CRE—ET, EVOEFTIILBERRESVE
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BEThoID, BNEORTE, BEDEER EHF2 RSB COFARSFEI AT
b, Bxix, MEEXY, SHRBHFMTICBODTHTRH 50mMhbkAETFHNAT
WOIEER R TR Z VWTC, BEROEERBEHENOBEBEHREREZ EEL TV 3,

JEFEICHED, KiR, 5, pH, ORP, K#FEHE (ZHEN, P, Si) , v H oLV
G LOREEIToTEFRER, ZOHTHEAIIKESKHN 200CTRELZELTRY,
HEEFR T, BibKE, & ~rHy, ZHERREZEEICEATHAZ L, F
Th, AT ey MENEEICERE (F121 3. 69—4. 28 ppm, 71.2
—403uM) THDLZ EBHALMNE ST, AT VR, avTR, AUVYZRER
EOBEOWE L M THAKER WV CPHEMUICENEEEREZITo R, BRI
BOWTAERBEHERAAR LN,

I T, HITHAKFORENEFIIENW U T ET VBT LBIZERL, &
NoEIFIERBETHRMUIZEBKER CIERZEREL, O DRSS PEEK
ARICEXDEEBIZOVTHET S,

(7) BEMEIZKD/ UNBEE Tabularia affinis BBD-HDIEBEEZHEDOKRET
GHHG=8, #a8F, bOEE
THE 1T EEHERKEFESRS(ER)., BEETE. p. 254 (2005-4)

B VERICHE LU CRERT A5 S THE Tabularia affinis 1%, TEF
ITONTVWOBUE CIIRENPRETH S, €2 T, BEBESBMEL AV RER
T OBRRZ B L, Ih kD> b 0 BE U /- BB Pseudoal teromonas sp. A25
BRERAW, BE®R T affinis 2BWET HRBFEHERERICE > TR LT, O
B Pseudoal teromonas sp. A25 #RITIRTFRER MY (DOC) DTETE F CIX T. affinis
AW T,D0C BEBIT B E I oaffinis EERBELEZ, T 0O b,
Pseudoal teromonas sp. A25 ¥RiX, FIFFIREZ: DOC M 18T 5 L EHEEZ M L T,
ZTOHBANEMEFA L CEET S B2 6N,

(8) AEEEL L-FEMEOKRARERICHT SHENR
O, BaiE. AEHBZH
BEEITYUNAATY/ AD—FEXRE (BBF)., HEEER. p. 84 (2005-5)

TTRARBRERICERTIRPIFEREL R T 2ME GREBEME) zHVWe, TR
BEICR & LW ERIREBREORS Z B L, REMEZEER L) T ¥
— DR AR, WM EAE Pseudoal teromonas sp. A25 ¥ERBRZ WA
FEEE LEHEE 150g %, KFRVTEHTLNLRHZVT I F—IZHKEL,
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KIRUF/K 20 1 \CEEHE Skeletonema costatum % WHRRFEEE 1X105 cells/ml CTHE:FE
L7230 cm AAKEPICRE L2, N7 %0&E 1.9 1/min TEEH L2235 18R
B L, BREMIIC S costatum OHIRBEZHA L CREDRLHE LT-, W5
BEEHEEEZRE LY 77 F—%3RE LKL, BEMB%2 BT S
costatum {IFEP L, VARIETIE A25 BREZBZ D BHB\V I =—8 1 X10°
cells/ml ULEBEENT, ZOI b, HREITV T 7 ¥ —0b0MEORHIC
L DERBANOZBEMEOEMIE D b0 LHEIN, AV 77 ¥ — 8 IC
BT, BEMEZEGEMICEA T & CRBIRREZZBRT 2022 HT 20
TRV EBZ LT,

FSTJOBEICHT HERTIFOOEDE
fBEFIL., AIRRIAR, HMEE—
FR 1T EEAFRERFRRR (B). BRESE. p. 33 (2005-10)

IHETIE, NEFRABREBIRERELL TN 7 ICEET D L. AE L
TRYBSEDENEOND Z L EZALNI L, 2T, 7% 7 VB ko g
EMICRABETIRIR A L TR RS, EEETNEL, 2 oREBEBRIC-
WTHRTZ, HRAIIIKRER 21 g0 737 7% Hv, 25 CTHRE L1z, g
HRIRIIHAADORE 0.2 % MY TV A%, FBS 5 %% & Te L-15 554 & MEM 5%
DRSS EEH A V. 1X10 bcells / ml [ZFFFE LT, %%, 25 CTT72 higE
L. WEERIRIK 2R L7z, %, 256 CT 1 wEEBGO LEEZ AL TL T
A NE—TCRBLTYVANVARE LTz, VA NVRROREMEZL, A7 AR
0.1 ml ZFHHNEEL, BREOFELZBEL TR, VIF UV A VR
WAHRA=Y 0.2 %ML, 4 °CT30 h#HELCER L, VZF o8
i, AT 7 F 0. 1nl ZEEREREL THRE L, 3wBICUAVRHRO0. 1nl
EHANER L, BREOFELBE L TR L, ¥, aERICETONEES
WfEE A RIE Lz & 51, PRITUEMITEMAR LME L VA VAR EEBIES
L, 25 CT2hBI®4 CT—HFER, HEMRICEREL THELE, VAL
AR AR LT R AT R TR L, Eod < U VAR LT T A NV R R R R
LR AT T _RTAERE L, LER-> T, 797 7Bk ogEEfa Tty A
VA DHEFENTFIRET, UA N AR < Y U CRELEND EEXDND, VAL
ABER THBEOATERIIV I/ FUEREROIT I BHRX L ATEVME L 22
o, £z, UV FUBBR CIIEE ONFEAMBEIEM L, hHiEmE L
ALz, bz &b, 737 THMBEROFIREEMRTERE L VA NVAZR
AL L CHEERNERET 2 &, AEICK L CREBEIREIRD O, ZhETVIF
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YELTSHTE D LIERSND,

TUBEVESAIHTET DN MEM/ ALST IV F o OF M
FIREZED, MEE—, JILFE

TR 1T FEEBFRKEZSTE - BEXHBRR (FNR), BEESE. p. 12
(2005-10)

Cultivation and application of copepod and cladoceran for larval rearing in
Japan: past, present and future

Tomonari Kotani, Hiroshi Fushimi and Hisahide Suzuki

Larvi 2005 —-4th Fish & Shellfish Larviculture Symposium, Ghent, Belgium,
2005-9.

Zooplankton as live food for marine finfish larviculture are still important in aquaculture.
Although Artemia nauplii had been introduced as live food since the1940s, it was already
known that their nutrition, especially DHA-EPA contents, was so poor for larval fishes to
culture. And Artemia nauplii were too large (400 um -) to apply to larval fishes of some
species just after hatch. In order to search the smaller size and more abundant nutrition
of live food, various species of zooplankton used to be attempted in marine larval rearing
worldwide, also in Japan. Many species of zooplankton were collected from natural
seawaters, and then fed on larval fishes directly in hatcheries. Although their nutritional
value for larval fishes was abundant, it was difficult to culture most of them. The
harvested quantities from natural seawaters fluctuated and the supplies for larvae,
therefore, were unstable. It was possible to culture some species of copepod and
cladoceran in the open pond. Those cultures were also unstable, and they needed the large
area, such as an open pond, and a great deal of labor to maintain them.

Euryhaline rotifer Brachionus was introduced as first live food for larval fishes in the
1960s in Japan. Rotifer was easier and more stable to be cultured and many hatcheries
began to use it as live food. In the 1990s, most hatcheries of the world were using rotifer
and Artemia as live food for larval fishes, and copepod and cladoceran seldom got used.
Moreover, micro artificial diet for larval fishes were developed and the feeding system
mainly performed in present, rotifer-Artemia-micro artificial ‘diet, was established. In
Japan, many studies of feeding or culturing of copepod and cladoceran used to be
performed but not so many in present. Little hatcheries in Japan are feeding copepods

collected from wild to larval fishes, but many avoid it to prevent fishes from the risk, such
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as disease including VNN. Therefore most hatcheries are according to the feeding system,
rotifer-Artemia-artificial diet.

Recently, Artemia eggs have got difficult to be supplied stably and they have got more
expensive. Copepod and cladoceran are expected as the replacement live feed of Artemia.
Frozen copepod gets distributed commercially and used as the supplemental feed during
fed on Artemia. Although the use of frozen copepod is getting to spread, it is still
expensive and its quality is various by products. Moreover, some problems, e.g. skeletal
deformity and malpigmentation, have been still insoluble with the feeding system, rotifer-
Artemia- artificial diet, or the improvement of the nutrition contents of the present
feeding system. Some studies got rid of the malpigmentation by feeding on copépod, and
some reported the success of the cultivation of small mouth larval fish such as grouper
larvae by feeding on the nauplii of copepod In each study, copepod was collected from
open seawater, or cultured in the open pond. In order to supply copepod and cladoceran
stably with good quality to larval fishes, it is necessary to develop in-door intensive
culture technology.

The followings are important to develop the intensive culture of copepod and
cladoceran and to supply them stably: 1) screening the species of micro algae and
concentration of the culture, 2) how to maintain the culture water quality and 8) mass

production of their resting eggs for storage.

(12) Developmental stage and morphogenesis of finfish larvae, with special
reference to improvement of larval health
Hiroshi Fushimi, Tomonari Kotani, Hisahide Suzuki and Masahiro Hayashi
Larvi 2005 - 4th Fish & Shellfish Larviculture Symposium, Ghent, Belgium,
2005-9.

Introduction

To a greater or less, there are deformities in hatchery-raised juveniles. It is the key factor
for survival in the field after release and for stocking effectiveness. It is also key issue of
severe mortality and low market price in aquaculture industry. Fish quality, or ecological
robustness, is defined as the ability to adapt to natural conditions at release site. The
objective of the production of the hatchery-raised seed is to supply high quality seeds for
stock enhancement and aquaculture. One of the main causes of deformity should be some
nutritional condition of live feed, such as Vitamin A, D, and DHA concentration. We are

now conducting the research and development on determination of suitable nutritional
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condition of live food, such as rotifer and Ariemia, for finfish larviculture.

Materials and methods

In first, we conducted the experimental larviculture of Paralichtys olivaceus, Inimicus
Japonicus, and Takifugu rubripes with gradient of stocking density of newly hatched
embryo, the suitable stocking density of newly hatched embryo. Second, we examined the
relative growth of P olwaceus, I. japonicus, T. rubripes, Seriola quinqueradiata, Seriola
dumererli and Pagrus major. Third, we characterized developmental stages of larvae using
the combination of relative growth, external and skeletal morphogenesis. Finally, we
conducted experimental larval rearing using live food with different Vitamin A and
HUFA concentration, determined the safety level of Vitamin A concentration level of live
feed, such as rotifer, Artemia and their combination.

Results and discussion

There were remarkable density dependent growth and survival performance in the
experimental larviculture on P. olivaceus and I. japonicus. Outbreak of biting behavior of
larval T. rubripes that should be one of the causes of severe mortality was also density
dependent. We clarified the presence of the suitable stocking density defined as resulted
highest growth and survival for finfish larviculture. The suitable stocking density of
hatched out embryo were 20,000 inds/m? for P. olivaceus, 15,000inds/m? for I. japonicus
and 5,000inds/m? for T. rubripes.

Usually, relative growth of finfish had multiple allometric regression curves. We
defined the developmental stage according to the characteristics of relative growth in the
course of larval development, and distinguished the special features of morphological and
skeletal development. The course of development of finfish larvae divided 7-8 stages. The
definition of developmental stage differs from the morphological classification of
development. Cartilages of skull and shoulder girdle appeared at the stage of free embryo
in common. These components developed using endogenous nutrients. Another skeletal
component appeared and developed using exogenous nutrients. The causes of skeletal
deformities should classify by endogenous/maternal effects and exogenous one.

We conducted the experimental larviculture of P. olivaceus, I. japonicus and P. major to
clarify the effect of vitamin A concentration on occurrence of deformity. To evaluate the
effect of rotifer feeding period, we used L-rotifer cultured by Chlorella enriched by
Nannochrolopsis and Artemia enriched by Marine omega® as control. For treatment, we
used L-rotifer enriched by experimental agents with vitamin A concentration of 150IU/g,
7501U/g, 1500IU/g and 7500IU/g, respectively, and Artemia enriched by Marine

omegaR.  In the case of P. olivaceus, there were no significant differences of the
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performance of larviculture in the course of rotifer feeding period. In the case of using
rotifer with 212IU/g vitamin A concentration reflected 750IU/g vitamin A concentration
of enrichment agent, lowest skeletal abnormality occurrence rate was achieved at 38-46
DAH, just after metamorphosis. Specific skeletal abnormality appeared at the case of
excess and deficiency of vitamin A concentration, respectively. We also conducted the
experimental larviculture using L-rotifer enriched by Nannochrolopsis and Artemia
enriched by experimental enrichment agents with gradient of vitamin A concentration,
such as 150IU/g, 750IU/g, 15001U/g, and 7500IU/g, respectively. There were no
significant differences of the performance of larviculture in the course of rotifer feeding
period. In the course of Artemia feeding period, highest growth rate and lowest
malpigmentation achieved in the case of feeding Artemia with 8251U/g vitamin A
concentration reflected 750IU/g vitamin A concentration of enrichment agent. Skeletal
abnormality occurrence rate was lowest in the same case, also. Excess and deficiency of
vitamin A of live feed affected the health of hatchery-raised juveniles of P. olivaceus, I
Japonicus and P. major. In the case of P olivaceus, vitamin A concentration of rotifer should
be most important key issue for occurrence of skeletal deformity. Rotifer with Vitamin A
concentration of 212IU/g reflected 750IU/g of enrichment agent was recommended for
improvement of the health of hatchery-raised juveniles. Vitamin A concentration of
Artemia (50-28311U/g) did not cause skeletal deformity of hatchery-raised P. olivaceus
juveniles raised by rotifer with Vitamin A of 212IU/g. Safety level of Vitamin A
concentration of Artemia for P. olivaceus should be higher than reported level of 50 IU/g

Artemia on a dry matter basis.

How to improve the health and quality of finfish larvae?

Hiroshi Fushimi

First Regional Workshop on Enrichment and Techniques for Enrichment of Live
Food for Use in Larviculture, Urmia, lran. 2005-3.

While stock enhancement and aquaculture have their origins in antiquity, development of
modern techniques began in the late 1800s and the beginning of the 1900s. In 1887, the
first rearing trial of red sea bream Pagrus major was carried out in Okayama Prefecture,
and Kajiyama and Nishioka attained successful larviculture in 1930. In 1961, the Japan
Fisheries Agency (JFA) established a plan to promote coastal fisheries by stock
enhancement. This was the first step of modern research and development of hatchery

technology for intensive larviculture Japan. The Seto Inland Sea Fish Farming
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Association (SISFA) was established in 1963 and merged with Japan Sea Farming
Association (JASFA) in 1978, with the goal of developing the needed technology for stock
enhancement. Since the establishment of SISFA, the goal of development of marine
finfish and shellfish hatchery technology in Japan is developing intensive mass production
system.

In the late 1970s, the technology of artificial seed production of red sea bream Pagrus
major had been established, and intensive mass production system of red sea bream
developed until the middle of 1980s. The intensive mass production technology of red
sea bream supported the development of hatchery technology for other finfish species.

The first runner of development of hatchery technology of Crustacea was Kuruma
prawn Penaeus japonicus, and second one was swimming crab Portunus trituberculatus.

The hatchery-raised red sea bream have dominated the finfish aquaculture trade.
Hatchery-raised red sea bream juveniles for stock enhancement and aquaculture
numbered 63 million individuals in 1988. A successfully average of 96 million red sea
bream juveniles was successfully raised in hatcheries, both of belonging to official and
private bodies, each year from 1993 to 1998. Of these 30 million individuals were used for
stock enhancement and 67 million for aquaculture.

Hatchery-raised juveniles are used not only for stock enhancement but also aquaculture.
The number of hatchery-raised seed for stock enhancement and aquaculture were 726
million and 418 million, respectively.

The aquaculture of many species relies upon a supply of hatchery-raised finfish
juveniles. The capture of natural seedlings and young red sea bream for aquaculture has
drastically decreased due to the progress of artificial seed production. Hatchery-raised
finfish seedlings, ocellate puffer, striped jack, and Japanese flounder, supply the demands
of aquaculture.

The development of hatchery-technology was assisted by progress made in early
developmental biology, physiological studies of fish larvae, nutrition requirement, and
rotifer production techniques. Remarkable progress has been made in developing
labor-saving mechanizations such as the automation of feeding and bottom sweeping
equipment, seedling transfer and counting pump systems, and apparatus for continuous
culturing of rotifers and water quality monitoring.

The development of enriched live food and micro-formulated diets has. resulted in
improved survival rates and fish condition for hatchery-raised juveniles. Nutritional
studies on finfish and shellfish larvae have contributed to recent progress in improving

health and quality of hatchery-raised juveniles.
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(15)

(16)

To a greater or less, there are deformities in hatchery-raised juveniles. It is the key
factor for survival in the field after release and for stocking effectiveness. It is also key
issue of severe mortality and low market price in aquaculture industry. Fish quality, or
ecological robustness, is defined as the ability to adapt to natural conditions at release site.
The objective of the production of the hatchery-raised seed is to supply high quality
seeds for stock enhancement and aquaculture. The key concept is improving fish quality,
i.e, increasing the aptitude of fish for release, so that fewer fish needed to be produced in '
the hatchery, and thus, decreasing the cost for stock enhancement and aquaculture.

One of the main causes of deformity should be nutritional condition, such as Vitamin
A, D, and DHA concentration. We are now conduéting the research and development on
determination of suitable nutritional condition of live food, such as rotifer and Artemia,
for finfish larviculture. In first, we decided suitable stocking density of newly hatched
embryo. Second, we decided and characterized developmental stages of larvae under
laboratory condition using the combination of allometric growth and morphogenesis.
Finally, we conducted experimental larval rearing of using live food with different
Vitamin A and HUFA concentration. Safety level of Vitamin A concentration for Japanese
flounder should be higher than reported level. Nutritional condition of rotifer should be
more important than that of Artemia for improvement of health and quality of

hatchery-raised finfish juvenile.

Developmental stage and morphogenesis of hatchery-raised finfish larvae - as
a fundamental basis of prevention against skeletal deformity.

Hiroshi Fushimi
FWO Contact Group “Nutritional and Microbial Studies in Larval Aquaculture”

Workshop “Deformities in Fish Larvae”, Brussels, Belgium. 2005-3

How to improve the stocking effectiveness?
Hiroshi Fushimi
Larvi 2005-4th Fish & Shellfish Larviculture Symposium, Ghent, Belgium,

2005-9.

ATHBEFICEHD T RRAOHERREICES KT RE
THR>. REZ. BARE, KEZ
ER 1T EEARKESZSAS (HE). BEESE. p 106 (2005-4)
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[BEA] ATERBE T CO T VIFHAOERICH T 5SSOI RE 28 52N
THZELILE-T, BREERBERETHZEEZBRE LT, :

[FiE] FERGETIBT 7 VIFHADREER 2 2RI T26HE, (A&, &
E, F&E, BHE, FEERIOYECHEL LHEMREREELZEHL, ThiC
EOWTHEEMEX S LT,

[HR] BEBMEEZ 9 DDA T—VIZK5y Lz, St. 0 : BLIRD & IEE B DR
BERNSHAI O ETICHY L, MEOBIRENSEELREBREL R LIz, St. 1-1:
FRPEADTORENCHEY L, BROMHEIREREED 0.98 225 0.86 ~Z1T L7z,
St. 1-2: fREMLMESHOHBENETTHRHICHEY L, LAEIERED
LEMEEZTL, WRETHERENOERE~EN LT, St. 2 FEREREO L
DEEE HRFHICHEY L, SHERVMERENOERE~EL LT, St. 3 : FIEOFEHK
ERVHF D REEICAEY L, KESABERED DERE~, HHEPLHEED OEFK
B~ BESEMNEME0.852005 0.91 ~E{b L7, St. 4: FHEOWE(LOTET K
HICHY L, FSHEORENERE 0.85 225 1. 14 ~BIT L7172, St. 5-1 : {rMfiE
DIVER L THER L R DR ICHEY L, REVNERK 0.86 76 1. 04 ~B(T L7, St.
5-2: BARENHETIRT, AEPERE 1.04 005 0.94 ~BIT L7, St. 6:
BHENERENLERE~ELL, ETOERRBEEFIEET LTEHERL RS
776

AIFETOT Y FHARTREICES TS50 - BHETA
Tz, REAY. HiRKAR, RRE
ERHITEEBARKEFERE (BR), #HEEESR. p. 107 (2005-4)

(B8] 7V O ATFEEAE CIIRERRBR L M5 LT, SMNE - BBEARIZ OV
THEBTDHZEIZEETH D, AL, EBICHE LEREBREELEIZ, 7V IFH
RO « BRERICOVWTHLMNZTHZ LA E L,
[FiEERICERC ZERE L L, BB E A EEBEMEE 2 AV TR Ll
BT o0z, HONERoEREBEBICESWOTHNRIRE & B OB ETE L.
[FEFR] RBEEEEZ I SORT—VIZRS Lz, St. 0 (TL 2.72~3.73 mm) : f#{k
H%DOEE 3.0~3. 4 mDOIRIIFHEE 14+13=27 TH Y . BRERIIZO LN -
7ro 2F 3. 7~4. 0mn (ZIZBEAGAERNHEBE L, BEIEKROKEERSHER -7,
St. 1-1 (TL 3.73~5.64 mm) : & 3.9~4.2m IZBAA L CIFA L 2o T-, #RS
e mESMNRHERE L, ETITRENHBR L7, St. 1-2 (TL 5. 64~6. 42 mm) :
BEMEMESMOMBNET Liz, BROKEICM M HEL L, HERRERERKO
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TERD G E 72, St. 2 (TL 6.42~6.88 mm) : FHREEKIMD BB IEE o7, St. 3
(TL 6.88~13.16 mm) : HRKREDO LENET Lz, BHEOEREZENHE -7,
TRERPEE SN, St. 4 (TL 13.16~14. 68 mm) : FHEHAS V EIA & W BRI~ (L
L., BHEOBENZET Lz, St. 5-1 (TL 14.68~17.31 mn) : FFHREEL IO
FEADERITEL., FABESHEEAL THA LR o7, St. 5-2 (TL 17.31~29. 38
mm) : BEBRESHE L, St. 6 (TL 29.38~64.52 mn) : #ELE2EHLTOER
RPBEEEZTT LTERE ST,

EYEMPOEII VABRICKDES AFHADBEEEHR
AEFEG. BHEZ. BAAE, Mamth, SHRA. HHA. KRS
FRITEFEBARKEFRRE (HR). #EEEE., p. 101 (2005-4)

[BEf0] T ADBREFOREIIZIEH I A (BLTF VA) OBRENEET S,
AL, VA SEBEORD D EEME TR LZEWEEB 2 REET2 2 L0 ko
T, BREEOVRVEDEERF ORI VAEEEZEDDIZLEENELE

[5IE] VA& &% 4 BefE (150~7,500 IU /g) \CRASL L 7= kil A& L=,
UL EF ) suana A (Nannochloropsis sp.) ROXTANT IT2<V Yo

(BEZ7 747 I 00) Tl UIFHAICKRIE LR 2RBREE L, UFD 3%
BEER LD VLAYOVABULERGET2ELX. TAT T~V v o THIL,
II) Vavidry ) THIL LT AT I 7O VAL EZ T 2E 2 5, 1II) Uby
D VA LM E 750 TU /g & L, TATITOVABLERGEDOREE LD, Boh
eI —ERAEEL. BEEBE L, ERBRRECEREEORERY
LB L7z,

[FER] VLA D VARG HEOREZEZT-GE. VAEGET50 U /g LR OFE
BRERAERMED -T2 (FNTI 5T, 61%), F£7=. 7,500 IU /g DX TITEHKE
ERAZENEL (100%) ., BEICHENL2EENPRD N, TATIT70 VA #ik
FUEOHREEZTZSGE, 7,500 IU /g DX THEEEERERIEL (90%) . HEEIC
B BRENRD LN, T2, UATE 150 IU /g WBRELEBE. TAT
7O VA BB EEZ THERBEERERICETIZEALELS, HESERFRI
B RELRELR o1, LEERoT, ULVORERILFITDO VA SEE
750 IU /g & LCRBEZITAIEEREEORANMZ b, REHETY LV 23l
FTHIE, 7ATITIRFLTUIED VA BLRETHREEFORENMAOND
EHI LT,

ESAFHACHEREICRIEITEYEMFOEZII VASEORE
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AEFEE. MEEZ. HRAL, Mat, SHRK - KA. RESE
TRITEERRKEFERS (R, HRESE. p. 101 (2005-4)

[BEf] b T A 0REEAERE CRHFHADEREEOREIC L IABHREOKT
BDELEH/EINTWD, BREEREICZIEZ I A CUFVA) OBRENERE
ERBIENHONTWVWDER, T AMFHRAZEENICAEETE S VA BIZHA LN
T, AHRIIRERE 7 AEHEZERT 52 EMERFORE VA &%
EHBHI EEEHME LT, ,

[FiE) VASE % 4 B (150~7,500 IU /g) (ZFABL L7z 8 mikAI 2 A& Lz,
UL EF ) vana SR (Nannochloropsis sp.) RON\TNANTIT R~ Ve

(BBEZ7 7 A7 I 0V) THllL U(FHAICKIEELEZEKZ20BEE L, UTO3%E
BREZFEM LTz, 1) VLT D VARILERMEIZT2E X TATITIE~ Y v o Tk,
II) UAITF Y 2 THRIL LT AT I 7O VA BRILSHT T2 E 25, 1II) VoY
D VA R LS %E 750 TU /g & L, TATITOVABRILEBEOREEZ D, 5 B
B IV ERRL, 2R EERORAEZIToT, FRBRRKOER L AR ZBE
L. £RBRXHE CHE L7,

[ER] VAL O VARBILEBE2EXT-HE. VASE 750 IU /g ORBRX TORE
NRFTHoTz, 2. TAVTITDOVABREREOREZEZTZHE,. AU, 750
IU /g DEBFETHRERVERLICEF THoz, LrL, VAT O VA 8Lt
750 TU /g WRE LSS, TAT I 70 VA BILEEE2EXTH, RE. £BIC
EiXEChkeroT, @L\ SREIZHAR, BRBRX TOAERIHEI N, Lo
T, VA EE% 750 1U /g IZFAB L7258 kA Tk L 72U A U 2GR TR 28
BL, BWARKRTL I A2MECE D, £o, AEHF TV LAVERILTNE, 7
AT ITIIERH LTI, &0 VA BIEEHTH, BT AMAEAORKRE., £FRIIRGT
H 5 LY LT,

AIHFETONBRENCH =D VNAFFREARFTREOREER (FH)
Ma—., Tkftz, SRR, pEAt, KRG
ERITEERAKERZERE (RR). #AREEER. p. 106 (2005-4)

[Bf) B v S TFFHERDOTBEEIC OV TORRKIZIH D DD, FEEMDO XS5
IR o - EEEITE Y, 72T AR TR, AT SN N TFAFHER OFE X
REICES BEERMOR 7% AV, FEBICET 25 BERROREEZHA LN LT,

[HF1E] 2004EDFRBIZ L > TEHONI I VA FFHBDERN D, EREBREIC
MYT2b02RE L, HEEEMNEEZERBRBEL AV OREREROR vy F 2 L
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[#ER] BEEMEO~IDI0EERICX S Lz, A7 —20 (TL 2,4~3.8 mm) : Jg
LB DIRIL, E%Hﬁ;@ﬁﬁﬁmﬂﬂﬁﬁﬁujﬁ WCRH L TWe, FIRE®EICIIE RO
R H D MERO—HMBIIEERT L Y BHE LT\, HAERBEDOLEIC f
Lico A7 —21 (TL3.8~4.7mm) : BA L TR & 2o7, IR, MmERILIC

RN S5 DEEE T IohbFIcE > T, IRO B[S L. %é%ﬂ@wzm
H EANCSH L, BERREIPMEL CEET& -, A7 —Y2(TL 4. 7~6. 2m) :
BEERMEOYE, BANCHEA BRICEN -7z, 0%, FEORERNREEL .,
BEERXHBRLE, X7 —U3 (TL6.2~7.9mm) : BREHO LERELE L, &
DEEEDORE L EFBENBETE, A7 —V4 (TL 7.9~9.4 mm) : FRXK
S0 FERP CREERIHE L. BENRH¥KZ, AT —U5 (TL 9.4~10.0 mm)
2 TOERBTEREN DD, ILMRTHIAFRER D LE-> Tz, 27 —V6(1TL 10,
6~14. 6m0 : RARFIIFBICHM L., FEEKICBERVAELE, A7 —Y7 (TL
14.6~18.5 mm) : BEAZERSEKIIAEL, EFARICEGEBENEEBTEL, &
VRIS BWRNZ 20 | (FREDHR LHRAIZZR 57, A7 —8 (TL 18.5~23.8
mm) : fEER )T L BAREIC RARMEPBIETE L, AT — 9 (TL 23. 8~59. 3mm) :
SADBRBRMBENHE L, 0%, SKOBEHFENBETXL,

21) AIHBETFTICET2hUNFFHAOHEMERICE RETERBES
Bath—., Tikz. HRAHE, NAat, RRE
ERITEEARKEES xx(im..ﬁﬁ§5%~nw6em&ﬂ

(BB Ao RFIIATREAERE L L THBORE VWA THEMB, BEETO
b ABEERBHEL SN LIZEVEE, AT T, FIBERIRRESLDOA DR
R EZEBD -0, ALERB FICBIT A0 U T FHAOEREERRORS 217>
77

[FiE] 2006EDFRBIZ L > THONIZI U AAFIFHADEELAZHNT, 28, &
®iEE, BR, KRk, BHEK. lezﬁ ERE LTz, @RI 285 AL OMs&
ZEH L. AXREADPEROGBEIITEM R EEN Uc, AUFE CIIMEARERT
#Ho3l. 2LL EOBE HERNE. 0. 98LJU:1. 2RMEERE., 0.8 RMELHRE & AR
L7,

[BR] 2RI TAEMMOBEMERRIZETER T oA R —%2R Lz, Zhb
DX R & BRI ARE ORI R — 2R 2 150 L, BB M & 10BFEIC X4y LTz,
ERII2E4 Tl mOBHIBEHARH Db OO2EKI. 40 mE TEREE., £&9. 40
~14.55 mOEIISKELY. £F14.55~59.28 mitERELZ 4 U, KEIILER
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4.71 mOBE, BiAEARH B HDDOLEKE6. 20 mE TEREL. £89.40~59. 28 mm
IEREEE U, BEOMICAR OGN 2R OERR IIMERROREICL D
DFAHERE DFZE, E UM AR OERRITTHEE OB X 2 FE#RE O 5 &=
PEWRTLEEZON, BHEIZTEKEE 20 mE TERRELZ. £5K6.20~7.91 mn
ORIIIEHEL. £&T7.91~59. 28mnidEREL £ LTz, BHEOEMEIL. Tk
BERE DR ED R OFEAEE R L OB EBREORKED X 5 ICREITITEE RN &
FEWRTILEEZI LN, HEBEOMENEZ 2 RBE Cik. £K9.40 mmE Tk
LREEY, £89.40~59. 28 miFEREEZE LT, T & XV I U RF{FHEAI
A EERNICKEI Y., TORBEITMOFEI f-> TEEELZAL TN EEZ
bz,

(22) E=YEEF F DON-3HUFAR & & UDHA/EPALL Y A = A O EFHADHBREICE A 5%
=
TERREE - BEKS - SAAE - NAHth - SEHBRA - AHEL - KRS
TRHITEFERBRKEFERE (BR). HREEESE. p. 102 (2005-4)

[B®] wEEAAE. EERRER LOREDODIZ, n-3HFAZ B3R T 5, T4,
n-3HUFAR 721} T/ <, DHA/EPALL BT A Z L RBEIN TNV D, A =42
HMAETH, FROAESEE VIXMELS . BE LEAELRITZ B EITOBRRES
KOS TWD, AWFFE T, AWEERIH DOn-3HUFAE IS X ODHA/EPALL S A =F4 =
PIFHAILE X 2EBIZ OV TR LT '

[5ik] Ak ODHA/EPALLDS0/1, 1/1, 2/1B K U3/1& 72 5 X 5 REMRILEE
Wi L7~ A3 Brachionus plicatilis BIXO\T VT I T 2 FNFNAAEET 288k
X &, U A % Nannochloropsis oculata BELOTNVTIT7%2<V 0w (BESY
VT v ) CTREBLEITORETAREMBX L LTERITE, SHETKIZ2KE
PHERA L, SEELRIIME, 55 AL Lz, FEMANEE L1 BEHIE
WERY EF 21TV, 54 AEICEERY LiF21T-7, 15BEOHRY LiIFRFE54H
BMOBERY LIFRICRE., EEBIOEBAEAFTZEE2 L, #XRXE chiR Lk,
[FER] 15 BEICBIT WY EFRFORER L OERICETIELS . FREFEY
HZEXTEITEN-T-, 54 BEOBFLRY TR, RBREXOIKE CTHANAE XE
53 BHETIIERB0~100%) THRAE L, ZORRET, FFEHRILE OREBHRRK
b b ELEZLLN, £V On-3HUFA LM, BRETT2XLERH B &I
L7,

(23) oA I RXYAKRTLS Brachionus plicatilis DEEIZEZ DEERLELFIDEE
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(F$)
FUMEA - DA - SRARAK - FEHRAK - ML - RRE
FR 1T HFERFRKEZRARE (RR)., HEEERL. p. 91 (2005-4)

(B8] WREANBEREEAE T, —RITFADKREEEZTT O BIZIX, PIHfERch b
A I XVRY LY Brachionus plicatilis (LAFYU LY) WXL T, {FRDHEEICH
BERRBEREMO O _RIEREEM L., REREEZITO, ZRERICE 258
BT by DEMZFR D BV NTECFRIREIZ ST 2 BB OV TR 21T 72l
PIE, ARFFETIE, FRER(ED T L2 DA ERRHEIC RIETEEIZ OV TRE L
720 :

[FiE] EBud, ZWRIBEMOYKI LS (24X 105/a /ml) TEREHZEL WS
HLOEMBXE LTHWE, BBRRE LT, k7 a LI &2 HRH Liz—kig®E%, &
FARH (4 BERD) . K (2. 4X10° MR, ml) ROBEE (24 X10°HIM /ml) #AKZ
a5 (24 B, HIRGEERET >/ Z7un o R (60X 10° M8 /ml) (24 FERE) .
HRGEIR(LA] (8 K124 Fefd]) DMEREME L7-5t 6 B 23R E Lz, FRABRK )
OIS BMEATEIND DL LT B8R A, Bk v L I RREIK (24X 10°HIfE /ml) CfE
FREE L, TR ENOFaORE L EFROFEER L, iz, FRBREND
BER LT BERDN y FEERIZ KL DR (r) ORIEL., EKIREDORREZIT-
77

U] BRI AT (156~20 @), FHi (11~13 B) ITHRBRXET
BEREIRD T, WHER (r) 1372 /7K (r=0.36+0.05) TE<., [KEBE
7 u LT R EEGIHK TR 2HAP RO (% r=0.3+0.03, 0.28:+0.05),
BEES v LT KIIMORRX &I LT, ExIPEVERAN RO, TS
BRILANC L B B o BTV THhORBR THEE I o7, 5%, KR
AR DELFRIRMEDOELIZOWTERET L. U A UK 2 REIRIEDOEEIZONT
WEHRTE 2 E T 5,

AILFEEFICHE 24 A 3 EFHADHEMRRICED  RERME
(KR - BRI - AR - SiRAR - NEAt
TR 17T EFEBFRKEFERE (AR, BEEEER. p. 105 (2005-4)

[ER)ABSRGETIER T DA =4 a DRI OHARLELETORELEETD
AR OMC L, F=F a B IFHADHETRE Z R ICRERMEE Xy L.

[FiE] B birADINEE B % 5000, 10000, 15000, 20000, 35 X T8 25000 B/m® & L
TEERTol. WABELRERBLIOARE L OBRE2ECHBTO D OREIE
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BEZED. ZORBINEBEIZXDE8EF 21TV, 0~30 HEROEARZ AV CTHExX
AR & AT, F R R OB S E CHIM 2 — o OB EEM L L.

BRI NAEE & REHEER L OB B RE E OBRIZZKREIRX TR N,
FNENOWK - B/MER 5 2 5 IS5 E 2 BB ASE & Ul RERED 61T
11250 B/ md, ARSI 17750 B/ D & Xk b R WHABREZ T~ LT 1o
T, FHBRCIIRBENAENEFEL, ZOFEBESMET T 15000 B/ DA E
PRBNEEELEZ. CONBEE CRLFROEEREIT o E 2 A, £FEX
i% 65% LB TR Tz ERICKHT DRSO RIT, £ TEHRT 2 2 b
J—%&mR L. RIS 264K, BR, KRR X ORHE OHEX R ZE2E6 0
H, BBEME 0~7 128 Koy L7=. BEEM (St) OREZLITIZR L7, St0 @ 4%
X BAREITTEERE (1. 8631) , SRERE (0. 9223) , BIE (1.2025) , BH% (1.4980) ,
REEE (2.3933) ,46E (0.9267) Tho7z.5t1: BENERE (1. 1067) 12251k
L7-.5t2 : BRESENERE (0.9057) 281k L7z, St3 : BEENLEKEE (0. 1541)
WZEAL U7z, St4 : BEERMERE (1. 7200) , FEBERE (0.5705) 1IE{L L7z, St5 -
BERZERE (1.3552) ,BEEERE (1.0803) , BEERMSPERE (1.7193) #&
TEHE (0.7173) , BENERLE (0.9200) 1L LTz, St6 : BEENELRE

(0.6622) 1AL L7z, St7 . BRI ERE (1.9234) &L

AIHEETICE T 54 A3 EFHARFRECE T - BHEIK
RRE - BRI - BEEH - HiAAE - MAHT
FR1TEFEBFRKEFZSAE (BR). #EEEE. p. 106 (2005-4)

[Bf] AR TR KR BEBONTEIE L BROEHIBRZH L2 T 5.

[Fik] BEEMEORSOEDICAWVERCERC - EREaLiE L, HEEEM
FREEMELRVTBEELHEZT . BERRICESE, EREEMONTE
fe L B ORMA B L.

[FR] FREBEPE (St) ORFEELUTIZRT. St0 : KB O THERREIKEL T
WARDERME. MERELZRE, BRERIIRD N7z, St JRERINISET
L,BE LT AV OEEZED, FR LT B VERE2R L AF, T8
F,AEER MEF, AT, BIBEE #HE S0E ERESLOHHESHE
L7=.St2 : & FEE, WELFRE £ 1~5 REMB IO TREENHE L. St3 -
FRAMN EEZHBO. BADNEILTHEA L. B RE, FHEF, F 6~27 #f
BREMBLIOE 10~27T MESMENHB L. Std: 7T I T OEEZE%B L, BR
X BB ARG 2. BT ESE, BE, BIAE R, THER, B4, TS, BES 5§ 8~9
MESMBIVCELERENHBRA L. St FRIILBE2ET L. BTk,
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27

FHERDEBUTE LT HEA V220 WFRI 2 o 7. WEKE, BE, IR TF, MR
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Intensive cultivation of a subtropical paracalanid copepod, Parvocalanus sp.
as prey for small marine fish larvae

Robin J. Shields, Tomonari Kotani, Augstin Molnar, Kimo Marion, Jon
Kobashigawa & Larren Tang.

Copepods in Agqureculture (C.-S. Lee, P. 0’ Bryen, N. Marcus, eds). pp. 209-223.
Blackwell Publishing. Ames, U.S.A.

A small paracalanid copepod, Parvocalanus sp., was isolated from Hawaiian coastal waters
and subjected to a series of laboratory experiments to ascertain the effects of different
combinations of microalgae (Chaetoceros sp. and Isochrysis sp.) on copepod survival, growth
and fecundity. Adult copepods exhibited the highest survival when fed Chaetoceros sp.,
whereas fecundity was highest (up to 21 offspring/adult/day) when Chaetoceros sp. was
offered in combination with Isochrysis sp. The viability of nauplii produced by adult
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copepods fed Chaetoceros sp. was lower than from adults fed Isochrysis sp., in terms of
survival and growth. Chaetoceros sp. was also an inferior diet for nauplii. Copepodid stages
of Parvocalanus sp. exhibited similar survival on all diet combinations, but had the
greatest growth when fed Isochrysis sp. Large quantities of Parvocalanus sp. were also
cultured routinely in 400L tanks using a mixed diet of Chaetoceros sp. and Isochrysis sp.
Copepod population densities fluctuated cyclically in these cultures, with nauplius
densities ranging from approximately 1 to 80/mL. Up to 49 million Parvocalanus sp.
nauplii were harvested per 400 L tank during preliminary 30 day trials to assess nauplius
harvesting techniques. Red snapper, Lutjanus campechanus, larvae offered Parvocalanus sp.
nauplii exhibited significantly greater survival to day 7 post-hatch (50.8%) compared to
larvae fed ss-type rotifers (2.6%) and were significantly larger in size, confirming the

efficacy of Parvocalanus sp. nauplii as a first feed for small subtropical marine fish larvae.
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