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Abstract: This study investigated the effects of chicken manure extract (CME) on the survival,
development and reproduction of the marine harpacticoid copepod Tigriopus japonicus through
individual cultures with two diets, Tetraselmis tetrathele and Chlorella vulgaris. There was no
difference in development and survival of nauplii between two microalgal diets. However, by
feeding C. vulgaris, mass mortality occurred just after the metamorphosis to copepodite stage.
This mortality was avoided by the addition of CME. T. japonicus fed on C. vulgaris diet with CME
showed 7.4 times higher survival, 1.7 times faster development and 1.5 times higher reproduction
than those without CME. T. tetrathele with CME induced 1.7 times higher reproduction of
T. japonicus than those without CME. CME contains particles that are relevant with 7. tetrathele
and C. vulgaris, but the same effect of CME was observed with 0.22 pm filtered CME. It is likely
that the amount of bacteria and 17 3 -Estradiol was below the level of that positively affects the

growth and reproduction of 7. japonicus.
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EHAFABICHEATLHIEALN R otz —H,
Artemia \ZI\IHHEDOMEDIT A, 4, EELMAEEA
ERGAE o TWwhb 7 a~ s a Thunnus orientalis
DOFETAEFERRC Artemia Z 5+ 5 &, ERENE
WELIET T HESNTVS (Seoka et al.
2007). ENLTD 7 L& Artemia OREELZRFIZ L 5
W AFABEMEENICHVWSENTWAED, BT X
A H® Acartia sp. X Parvocalanus sp. 73 & %353 L,
FE X RAE OB IHGET L 72 (Doi et al. 1997;
Schipp et al. 1999; Stottrup et al. 1986) A3y XN T
Wb, AETIX, 1443y ra~xra Thunnus
thynnus FHANOEERENBO SN0 A T V5
Acartia tonsa (Eviemo et al. 2014) OUEHHNEH 24
HDTWD, L, 747 YHOMHITVTI S5
BRICEEEoTBY, MEOEEICLELRZTOH
DAHAT VR EET DHEMOMIE LI NS OHRE
THbo

Hagiwara et al. (2016) & T. japonicus 75 < % A
Pagrus major 2% L CRWETEMIED H 5 2 & %
HiE3 2 &, WEMEE (CME) % 53KI2IE
e % Z & TR/ ml DL EOEET T japonicus %
HFETE, POLELIRENTERTH L Z L5
M L7720 ORI OFEE S FHL, 8 5 I oK
MR 2 & — NKITRFZET CThiZE S 7z b DT,
IV VIHORBRIRANT A L I T aDEEEN L
WD ENL, 204EML RIS WL TS (R
2008), L2L, IV rvaeh AT HEAOEHEE
WZOWTEAHDOEZTTHAH I AL, KL TI,
F 4 CME 785, T japonicus O HEEL D & DEA %)
LCIEHT 20050108 5720, B, BFBL
UEGEZ 5 2 5B OW TR % 8 U CE)
L 720 T japonicus D¥53E\21%, Tetraselmis tetrathele
(Hagiwara et al. 1995) %> Nannochloropis oculata (Jung
etal. 1997) Z EDHWLNTWAEA, TN 5 O
BEORR IR OMIREFNBVEEE 20, mER:
BEIT) LTORIER LI EDND, BHICAFTE
LD 7O L I OBEEIZOVWTLHE L, CME ©
WIMEIRIZOWTEbETHE L 72,

W2, CME O@IshREAS, 51 A4 7 VM LT 5E
7% CME ok oflEIcdh b &% 2, WIHEME
o %x 17> 720 CME HFOBFWHEIZOWTI,
CME 28=7 bV HIR D MEPE AV E > 17 B-Estradiol
(E) &AL THBY (FKIE 2006; 14 2008; Ogello
and Hagiwara 2015), E,i20.01-10 pg/! ®#MITId#
Zix 5.2 72wt (Marcial et al. 2003), 100 pg/ITA
OB ZRAET 5 Z EHBH SN T2 (Marcial et
al. 2002) . AKWIFETIL, T japonicus (2% 5 E, il
DB OWTHE L7z,

- B - R

¥ B L VAE

HEED

T. japonicus | # i U 0 4 (R RS A E K
FEFEERPT) THRINS hctkz, #AEEL- 0%
[l L7- (Hagiwara et al. 1995) . I8 G 7K i 3R
B CHRAK L 72 RIREK (34 ppt) % GF/C 7 4 )V
% — (1822-47, Whatman) % F\>Claafs, MUERE
(121C, 20%r) LT T japomicus OIEFEWEK E L 72,0
800 m! 77 T A~ 3 A — AN EE 42K % 700 ml
A, Kim25+1T, BIERLUINIEEZ e L
T T japonicus DIEFEX AT o 720 FPEHIIL, MGHELH
@ Tetraselmis tetrathele % Fi\22.5 % 10°%{f2/ml & 72 %
L9, 3HIZ 1AL 72

CME D {F&l

& RK BE R EE R 2 7 — NKERFZeT T, 58
FEFRIE O R L - 5038 2 X ¥ v I BRI
WML, ¥#EZT>TwD (FAR 2008), ZOFHE D
2t T, ARV CME 2 1E8 L 72, THIO
EEEFEIE 1kg (BHA, 7)) —vT V7 7—) LH
It (VT A 9NVT )=, T)—=v - h)VFxy
7) 10 g ZAKEK 5 LI AN THiE S 725, §9KT
MERELRDS 3EERMEEE, 4% L C—HERT
HiE L7z, LIEAEEHAEV200mm O77 7 b
Ay NCHEBL, WEWL 757 b ky FTHED
WHZ L2k ) CME Z1ER L7, fE# 1L 72 CME (&
5 FCTHREG6 7 H, 4C THEMRM L7

CME %' T. japonicus DHETELINT XA —2IC5EZ 578

wWE L3OO SN &b b &M,
T tetrathele #& £ (2.5x10° fl Ja /ml), Chlorella
vulgarists (25 x 108 /ml, A —/X—H 710l J
V-12, 7 8u L I T3) 12, CME %R0 L 7298 ik
(34 ppt) &M\ /=854 & CME #5010 i 8 Wik % H
WA R HAEDE T, FH6HEY) OEBRSM T *
E L7720 CME OWRNIERE L, T japonicus OHENHE %
LAEET 2 2 ml/l 127% % L 7> (Hagiwara et al. 2016) o
T. tetrathele |3 Erd-Schreiber tfZ5 5535 (Hagiwara
etal 1994) HTHEAREEL/2d D% 72, CME #°
T. japonicus DR L FEHIG- 2 b BER D720,
A DFFKE ENEN2U4RTINVT T2 VT L — M
18#EGH72) 2ml $OAN, IhbHIZ/ =T
A THID T. japonicus % 1EETOIE L7, %4 D
FERGEMIH L, 18T ORE 21T o 72, Kinx
251, BIERDANI R 2 2R L, 20H M
HIHr L WESEARICE L ad S, A5 & B o %
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Nizo SRNHDOF—%%, J—7) w2 LS
BHEFT) LaxRyA M (BEPSEAEET) O
2 ODFE BT THT L7z

W2, CME S ARFEOEIEIZE- 2 2B 2R
720, 800 ml 54T Afl~ 3 f— XAV, &4
DOREFEIKT 1A AMEE L 72 T japonicus O H1 705
RRART BRI L 720 €Dk, %% ORFFEIKH 2 ml
AolZINVF Iz VT L — D 1EERICERETO
T. japonicus % 1 X7 $FOWEL, it 61 O3
SRt L, Fhehnizar 2t L 7z, EEEEXO
TR T tetrathele 58T 1 7 A¥:38 L 28k o b
IR 720 REDHET L, MM SBEN /20T T
MR B ERK D HHY) B 7z, BHBT LWEEKICE L
Zh35, 10181 H OEAF T CREMFBEEHELL, FEH100E
DI BRI 2 LB U 7z REAT-TH PR U AT
1ENCES 5 HETERL 72

=T AW E aRERET A NOEKREEZEN
FREEEKE TR 572012 X2 ERITWE EE
(P<0.05) 2%t SN7=GE121E, S HICLE LK
%€ (Tukey-WSD) #4772,
KANTRTHEHBEOSH GEERE 2fEs L
T, TNENOEFEOHRS & L 72,

J =7 Ao EE R =
1
WAL SZERE(IES A M) T TIZEL-HE

aKRY A MO FIRE=
1
BRE(IRRYA M) ST TIZEL-HE

EHEIRE OS5 EE % Bartlett #5212 & V) fERRIE,
FPKLHE, CME imOA B X UFEHFRE O3 %
M THEE T 572010 =R E AR BT
(Three-way repeated measures ANOVA) % 47\, %
HEAER B S z6 (P<0.05) 121F, E5610%
EILEHE (Tukey-HSD) #4175 720

FETF10IR O FIGREAT L D 3 H1% & Bartlett #5212
& O HERERR, FREFIX L CME #NX OM C&% iy
A7z, 2 CELE S EUAT (Two-way ANOVA) %17
720 ZHAEH (P <0.05) A s hzgpaisid, &
5IZEEILEMSE (Tukey-HSD) %475 726

CME B+ (#E, #F, E,) #° T. japonicus DEHE
L5 Z 3%

CME #0.22 pym O /KM PES 7 1 )V % — (MILLEX
GP, Millipore Corporation) (2 L, 0.22 pm 2L EDK
X XORTERY Bz %5# CME (LT, FCME)

ZVEBLL 720 CME @ T japonicus FEFE/R~D RN
Bl Tb2ml/l £ L7 CME I2I3=7 M H
kD Wk & )V £ > 17 B-Estradiol (E,) #0.62 ng/l &
35 EoWEICESE (A 2008), CME %452
3 E, #0.00124 pg/l (=1.24 ng/l) RN L 723 &125
WCTHEI L7z §%4b5H, CME (2 ml/l), FCME
(2mi/l) BEOE,(1.24 ng/l) % Z U ZHEML 7
WK (34 ppt) & MIRINOWE KIS C. vulgaris
(25%10°/f/ml) = AT (RHRIX), Fr4@0) DFE
BREME R R LT K4 ORARKZ 24K IVF 7 2 )b
TL— MI1IEERH) 2ml AR, 25COA v F 2
N— ¥ —NIZ24RITHE L 72 £ 0Tk, &4 ORFEK
% ZoBell 553 (Marine Agar-2216, Difco Laboratories)
WKL, 25C DA ¥ F 2 N—F — N TR R %
BWaElLl, 2L C ¥thtoogo=——%¥+st%L, &
FARPOMBE R ZHE L. T2, WTeIEameEE
(CDA-500, ¥ A A v 7 &) & HHWT, CME o8&
R 2 HE L7z

WIS, K42 OFRKE24RVF Y VT L — b
W18 EH ) 2ml $OAN, IRSIZKETO
T japonicus % 1 X7 §TOIWEL7z. L4810 OB
BEMICHL, s 72 MEl L7z, IWWE L&
LR D T japonicus 1%, 800 ml 7T A#~< I+ —
KA AT, K4 OFFKT 1 AR L2 ko
R SILL 720 Kil%2251C & L, BRI
Wt % BRFIZRE L7 BHHT LWEFEKICE L%
BH, T XTOMEIPCT 5 F CEFEEZFIFL
720 ZKRRHET L, HEAMED & Bl I 11 T2 R 38
KB BisvaZze Z LT, AT 5 & A AT 1Al
¥ L OREEAF 1018 H O X el 5 & e IR %
1L, CME #®0.22 ym LLEOKE SOk T & E, 28
KIEEDOBIEIE- 2 5B %KDz,

Bartlett #7212 & 0, 5528 K v o flll 3 £ 5550
BME M & e o 72 728, Kruskal-Wallis
EERTH) L TREEAMOEZ KL, AEE
(P<0.05) A Sh7zimaiciy, S oICLELBMR
5E (Steel-Dwass i) %@ L 72,

A BEAT L & IR REAT IR s & OV AT EAT-10 18] Hr
D EAT O S 43 Br i % Bartlett Mg 12 £ 1) R
%, BAEKMTELRET L2720, ZhEh—Ith
&5 B0 (One-way ANOVA) % 17 - 720 X HAE
H (P <005 2B shaI101E, SHICEEL
B E (Tukey-HSD) #% 17 - 72, Bartlett 158 (2 &
D, EFHEEICESBRESRE SN o0,
Kruskal-Wallis #7%E % 179 2 & TREKM D= % L
L7 HAEZ (P<005 2%t s nzla1ciE, &
5IZ L EILEME (Steel- Dwassi:) %175 72,



350 49t - 1l -

w X

CME »'T. japonicus DHETEEINT A —ZRICEZ 232

T japonicus @/ — 7 ) 7 A& a K5 A4 M
DHEFRBEFEFRY (BEMEHROMEL, growth
rate index) % Fig. 1 2R L7z, EHRHOLEIE 4L
TOMED 7 —7 ) 7 28 (I-IVH#]) T L 7.
T. tetrathele 5 D4, / — 7 ) AW 0 A FE (X
CME WhNZBEH 59100%TH 0, C. vulgaris #5585 T
bR (CME #E411X88.9%, CME #MIX77.8%)
EE <, SRS CME MO AEIZ L B EEALN
Rirolze ANRY A MIOEKE (V=T 1) 7 A
MO IARKRY A MIERELZMEAED ) BEARICEL
AR OEE) X T tetrathele 58Tl CME &iIno
HEZBEH S T100%Td > 720 —F, C. vulgaris #5
oL &, CME #ERINIX TS { Ok 3 <K A
TS TN RN 8EIE L (Fig. 2), AFERIE
125%Td > 7275, CME iRINX O a~<E&¥ A4 Mo
A% 51392.9% T COE SERMIX L D 74f58 < e o 72
(Tukey-WSD, P<0.05, n=218),

T. japonicus DIFEHF O K S 12 1%, fHFEFE & CME
DHEENBNEELY G2, ZOEEOELEVIE
T. japonicus DHHEEPEIZ L - TH7%: 572 (Tablel).
ZZEROB TRAEMEHA BB S L z720, SEIEK

[OCMEom/7 [ CME 2w/
Nauplius stage

a a

100 - (A) a
80 [
60 [~
a0
20 [

Survival (%)

o O
f=T

W5 % fT - 72 & & » (Three-way repeated measures
ANOVA, fH ¥} #f P<0.01, CMEP<0.01, % &
BB P<0.01, ffEfExCME™ 5% B M P<0.01,
n=218), /=707 A TIIHEEEIZED ST,
CME HFIMOBEE~NOMFEIZASNEh oz TR
A4 Mo WTIE, T tetrathele $5fE D%, CME
HERINIX (0.24 £0.02) & CME #M1X (0.25+0.03)
DEBFIZEZTR SN o 72h, C vulgaris #5888
T1X CME RN X (0.13) 12~ CME & WX
(0.22 £ 0.03) DHEBDLIMEHEL % - 72 (Tukey-HSD,
P<0.01, n=218, Fig.1)

T. japonicus 73§ 2 IFE— D & 72 1) OF IR
¥l, NEOENMMEE ZN 21 Fig.3 & Fig.4 |2
L7z FHEFBIGERAEE CME 028 % 1)
LT ENbhot, 72, ML CME (2K HAE
At s nz7z0, ZEILBHMELXTo 72 (2-way
ANOVA, fH ¥ P <0.01, CME P < 0.01, £ ¥} &
*CME P < 0.02, #n =8-10), #HH TiX CME O F
DS TEMTITE S b o9y, T tetrathele
M TIIINED ) O EF A CME R IX
(21.0 £3.8) |21~ CME #i0IX (35.5+2.0) T1.7
B L 720 72, C. vulgaris 55 <%, CME %
X (169+3.1) X b CME #hIX (249 +6.5) O
5 DS PEAF B21.55 % 7> > 72 (Tukey-HSD, P < 0.05,
n = 810, Fig.3). T japonicus O FEfF ML, CME

Copepodite stage

03 1 (B)
02 F

0.1

Development rate index

N.D.N.D.

a a
d
] J
ND.ND. .
a
ab bed
f

ND.ND.

Starvation T tretrathele C.vulgaris Starvation 1. tetrathele C.vulgaris
Food

Fig. 1. Effect of culture medium on survival (A) and development rate index (B) of 7. japonicus during
nauplius and copepodite stages. Each column indicates the mean and standard deviation, respectively.
Different alphabetical letters denote significant differences (A: @ > b, Tukey-WSD, P<0.05, 7 =2-18, B:a>b>¢

>d > e > f, Tukey-HSD, P < 0.05, 7 = 2-18).
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RIRMT A2 ETEL 2D, REIC X 2@V T A
5 N7 o 72 (Two-way ANOVA, fHEMFE P = 0.09,
CME P < 0.01, f# #} & *CME P = 0.70, » = 8-10,
Fig. 4)

CME R¥ (¥uF, E, #E) » T. japonicus NDEGE
IC5EZ 382

CME i T-# % Fig.5 IZ7R L7z CME 213/
7 57) 7 LA A X THBH1-3 pm DR T2 b % <
GENTW (41%x10%ml). F72, C vulgaris & [7]
P4 X (5-9 pm) DFLFH1.7%x10°/ml, T. tetrathele
A A4 X (10-16 pm) D LT 235.1 % 10Y/ml &
FNTwsZedbbhol, HLADORERERKFOD
Zobell 354 E D AR # % Table2 128 L7z, AR
(x10" CFU/m!) & CME IX (16.1+1.7), FCME [X

L VACE Starvation?

p— Starvation+CME®

100
— 80|
S
— 60|
g
; 40}
w2
20|
0 -

= m[ == T tenathele”

] T. tetratheletCME?

(19+03) &xMBIX (1.5£03), E, X (1.3*04)
DONEIZ % h o 72 (Steel-Dwass %, P<0.05, #n=9),
A JEREAT B, WRMLREI 2 A T 2 U0 EE o i AL,
BLOWMEDS10RH F TIC@EH S N-INEDRE T
Mg s D72 ) OEMFE % Fig.6 128 L7z, xR
X (1989 +118.0) & E, [X (159.7=945) X v b,
CME X (397.1 +£101.5) & FCME X (391.3 = 125.2)
D EFEAT B S B> o 72 (Tukey-HSD, P < 0.05,
n=1315), WALRETD % A 3 % U0 2 o i [ i
FCME [X (22.0 +3.7) 2%%HH[X (136 +6.5) & E,IX
(151+6.1) XY b4 < o7 (Tukey-HSD, P<0.05,
n=1315), F72, CME [X (184 +4.1) ®¥iZE i
% b FCME [X &[4 Td - 720 4 [al 10
DI EAFHE, CME X (27.7+4.7), FCME X
(226 = 4.8), WX (164 +34) L E,[X (124 +26)

- -o- - C 1'ulgarisb
P 1'ulgari:+CMEnb

Metamorphosis

o TTTe T ITo I TlolITe)

NI NI NII NIV NV NVI CcI COo clo cCIv Ccv CVlI

Instar

Fig. 2. Effects of culture medium on survival of 7. japonicus (N: Nauplii, C: Copepodites). Each plot indicates
the percent of survived individuals. Different alphabetical letters denote significant difference (@ > b > ¢ > d,

Log-rank test, p <0.01, n = 18.).

Table 1. Effects of food (no food, feeding of T tetrathele, C. vulgaris), with and without the addition of chicken manure
extract (CME) and developmental stages (nauplii and copepodite) on development rate were computed (Three-way repeated

measures ANOVA)
Factor n df Sum of squares Mean squares F b
Food 45-72 1 0.04084 0.04084 60.022 0.0000000006
CME 54-63 1 0.01623 0.01623 23.856 0.00001
Stage 51-66 1 0.01385 0.01385 20.364 0.00004
Food*CME 1836 1 0.00001 0.00001 0.017 0.89739
Food*Stage 15-36 1 0.00279 0.00279 4.095 0.04872
CME*Stage 20-34 1 0.00051 0.00051 0.743 0.39298
Food*CME*Stage 2-18 1 0.00894 0.00894 13.142 0.00071
Residuals 47 0.03198 0.00068
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[JcMEomzi I CME 2 mi/i
3 a
S 40 r
= b
5] R
= be
= c
o
= 20 F
=
S R
= 10
e N.D. N.D.
g 0 ; L
E Starvation T. tetrathele C. vulgaris

Food

Fig. 3. Fecundity of T. japonicus exposed to different con-
centrations of Chicken manure extract and different food
items. Each column and bar indicates the mean and stan-
dard deviation, respectively. Different alphabetical letters
denote significant differences (@ > b > ¢, Tukey-HSD, P <
0.05, 7 = 8-10).

] cMEOm/ ¢ Bl CME2 mii P
2 3
<)
=
2 L
5
k=
21
2
Z
o L L
00

Starvation T. tetrathele C. vulgaris
Food

Fig. 4. Spawning interval of 7. japonicus exposed to differ-
ent concentrations of Chicken manure extract (CME) and
different food items. Each column and bar indicates the
mean and standard deviation, respectively. Different alpha-
betical letters denote significant differences (¢ > b, Two-
way ANOVA, Food P = 0.09, CME P < 0.01, CME *Food P =
0.70, n = 8-10).

DINET% H o 72 (Tukey-HSD, P < 0.05, n = 9-15),
CME X (25+0.1) & FCME X (26*0.2) o
FrfE (H) EIEIX (28+04) L% T, E, X
(32+0.6) £V 4A o7 (SteelDwass test, P<0.05,
n=915),

z =

AR TIE, CME ORMOA DY T, japonicus O
AESRIETE (EFR, BE, %hib) 1252 58I

103
107
106
105
104
103

Particle density (/m/)

0 2 4 6 8 10 12 14 16 18
Particle size (um)

Fig. 5. Particle size distribution in Chicken manure
extract. Each column indicates the density of particle with
a certain size.

Table 2. Number of viable bacteria in each culture
medium (control, no addition; CME, addition of chicken
manure extract; FCME, addition of 0.22 um filtered CME
and addition of E,)

Viable bacteria count (x 10* C.EU/ml)
Control CME FCME E,
1503 16117 19=+03 13=*04°

Values are means * standard deviations. Different alphabetical
letters denote significant difference (a > b > ¢, Steel-Dwass test, P
<0.05,72=9).

WC, =l D) OFGEESM (BEAGEE, T tetrathele #G1H,
C. vulgaris #588) OB TGS L 725
Wl O MEFSEE T Cld, CME Z#iRINL 2w &,
J =77 AR IVINET RN EEEIFET L
7275, CME %R+ % & IVHIC ?Lémﬁiﬁ‘ﬁﬂf:
(Fig. 1) o CME 7RI TR 2 #588 L 723812 on
i T. tetrathele 35D & &, C. vulgaris % ”‘ﬁE L
AT, T japonicus 1% BT 7 56E & Bl %
?Lf_ (Fig. 1)» C. vulgaris $388TlEX, IXKF A |k
\CETET B TEWAERT IR L72)S, ZEROTEIK
TSEHE T, T KRS A P THNCET ZETETT %
k% < Binzz (Fig. 2). A5k L72EKRIZOWTH
BHEOELESASN (Fig. 1), L2 L, Moz
AR, EINZRGT 5 &, ZOHROEIIMEE S —
DOINEMHEL D/ — 7)) 7 ALNAEOFIL T R
HCRZoEEZR LA (Fig.3, 4)o IS5 &
5, J=TVTAMENS TRT A NIAEITERE
BLIRFHN R BE L W LIFHENT 2 oA )V F—&
W C. vulgaris TIIAE L TV R S 5 L %2
Sz,
WA, MOl L, 5> CME Ziihn L7234,
T tetrathele % f#L L L7- & &121X, CME SO A
B ST T japonicus OEFER L FSEIXFEETH -
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o O
(=T}
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— N W B
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Total number of nauplii

(e

N
[e=}

W
[}

Number of nauplii per brood

0
Control CME FCME E,
Culture medium

30 (B)

b ab b

20

10

Number of hatched egg sacs
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Fig. 6. Total number of T. japonicus nauplii (A) and hatched egg sacs (B) during life span culture in differ-
ent medium treated (CME; chicken manure extract: 2 mL/l, FCME; filtered CME: 2 ml/I, E,: 0.00124 ng/1).
Number of T° japonicus nauplii per a brood (C) and spawning interval (D) for the first to 10th spawning in differ-
ent media. Each column and bar indicates the mean value and standard deviation, respectively. Different alpha-
betical letters denote significant differences (A: @ > b, Tukey-HSD, P < 0.05, # = 13-15, B: @ > b, Tukey-HSD, P <
0.05, # = 13-15, C: @ > b > ¢, Tukey-HSD, P < 0.05, #n = 9-15, D: a > b, Steel-Dwass test, P < 0.05, # = 9-15).

7273, CME iRINC & o CTARME O L1758 L
720 WWLD C. vulgaris #3580 L7236, 7/ —7 1)

A D AER L FEEI121E CME WO 5285 5 L7z
Mo l2s, ARy A MYTIEX, CME i ’JZO’C

BRHDOARRT A b oEKEED, BEIET
% F TOAEFKRFEDN CME RN R T745EE < %
D (93%), EEDLUEEL oz TDOEE, W
BH15fEMMmL 7z, DLEX Y, CME & T japonicus

BHEEBHICRE MR G2, &K, BFH, #E
FIzx L TIRENIER L TWwa 2 b ro 7z,
T. japonicus 1%, WAk 5 IEIO)E‘E':BZ%'“““D BT/ —

T AVIHIE 2 Y, FOHIC TV a Ry A

FIHIE A (FE 1970). %L“C:N\«‘kﬁf N I#A
Mo AREY A VI T TS (Egami
1951), %FH & & IR ETT 5 T3R5 A b
wcix, /=7 2MEY %l?\)b$‘—?ﬁ§ﬁ§%<
KEERDPEALT 2RSS 50 T 72, AW
&, C. vulgaris & T. tetrathele @ﬁﬁﬁﬂéﬂfﬁ’&ﬁ(%m%
T—EL b L) ICHRELD, T AIF— D)
O T C ovulgaris £ ) KFD T. tetrathele OFGEE 7S
BB R D E 2 5D, RO C. vulgaris
IZ CME Z <52 212X o, T japonicus 1%
T. tetrathele L 3 IZFEOEE, Ak, Zitrd &
I o722 &6, T japonicus O & FEEEFE DA
FAFSIZED RS S L7z LIS 5,

CME 3 AT HEZIFTTRL, F~x3IT 1

Moina macrocopa & {5KEE I ¥V 3 Diaphanosoma
celebensis DYEHH (FFA S 2008; A 2008; Marcial and
Hagiwara 2007; Hagiwara et al. 2016) %°, K/KED I
7% R A Y Brachionus angularis O1E5E (Ogello
and Hagiwara 2015) {254 Z &2 HE ST
%o RWEZETIE, CME 05 4 7 L HE B e
KESORFH, CME @RI & 252K F OMEE,
B LU E, PR LS LS (A%, %E, %)
1252 BB BT L7z,

CME w2 1 T tetrathele %° C. vulgaris ~ [7] %8
DR E SO T A, T EN51x10"/ml B L
1L7x10°/ml HFEN TV, hbz&Tnwn
FCME #IMo ¥4 & T, I R 5
EWTIA LN o720 TS O THAMET i
L7zE LCHIEEEEOEY 7T » 7 by ORFRIIE
ARLTBY, CME HFORF 25T A F—HIZ7% -
T2 REPR AR &I S LD

4 3 X KT A ¥ Brachionus plicatilis (LT
7L Y) OR; AN TIUE, Zobell ¥y T, @
10-10°CFU/ml O fE %R L, MEA T 43 OEE
BIANVF—HER DI EDPMEINTVDED (%
I - %% 1980; Hino et al. 1997; Balompapueng et al.
1997), AWFZETIX T japonicus DO¥E;FE/KF O AR %
&, ATH CME XD1.6x10' CFU/ml (25 ¥ - 7=
AW TITEFHEOMEZIT> TR\ AS, Zobell
P EoOEFEBE Tl LT A Y E T japonicus [



354 Ggith - i - &

DRELENIE, TATHEEITEY, I 7 HIL
M L 255 FE I w7 4 =)Ly b
Rl 5 2 LRSS LS NG, — K, T
japonicus 1%, HEH T TIXITLE AL L LW &%
(Jung and Hagiwara 2001), 7 & ¥ & Lff & & 7208
ARBETHVWHEBEL RTINSO TS (1RT
1980; Hagiwara et al. 1995), ¥ 7z, Jung and Hagiwara
(2001) &, T A& OBEHEE RIS 525, T japonicus
DI RAE T M A2 RNZZ L Twbd, Thb
&, T japonicus OFEHE & BIHIZ1E, K OMEAE
VLW E2AT52L2RmTHDOTH LA, CME i
MRS 25538k OME A T japonicus O T 4 )y
F—RIZRNEL LIFEZIISWIERE RS2,

AW THRE L72 E, i (124 ng/l) T, T
japonicus DEFEIZEALIZA SN h 5720 CME H D
E, i & LT, TR EIKERERAN £ > & — MK
et colEME (0.62 pg/l, A 2008) &, Ogello
and Hagiwara (2015) 2 X 40.53=0.35 png/l & 2 Bl
W &N T Wb, Byl T japonicus O AT %A 5
TEDPHMLENTWED, ZORKEERE (LOEC)
12100 pg/l LW &b (Marcial et al. 2002) o
COREIZHNRD L, B CME 10 E, iR 2
T = =D ERWBETHLI NS, DREDHE
12 CME H o E, DSHAT T, japonicus O ENH & I &
BTWVDLIDIFTELRSZE) Thb, FBEOREELUH
R OVFELERE THIEF O E, DFFENSRZ 5 7%
Molz& L7Wa, TTORHRE 1 kg FI2 E, 1349 3 pg
GENTwALABLONE, —J, Xu & (2018)
(THEVLERE O S THRILL 2 REPREY O 2 o
rroeEHEL, BESDO E,130-227.1 ng/keg (n=12)
Tho/llaHEL TS, E, Vo by
VEED, REPRED OKPEWIZG 2 D EEIZOW
T, AP E

AW T, CME # @ BEARKIIZ & DR 28
T japonicus OEFE % 0 &2 DHL NI TE %
o7, CME OMIE % &0 72BN T L0 b,
O L AEARROWEDE AEH LT R RIZ
SNz, BEHROWHEDO A7 5T, CME 1R B
TMATBALAHRDO I AT NVEEED, S 5ITHES
ks B ED D S

N

g (CME) &, ~wv8 2 F 2 A H
Tigriopus japonicus @ ¥4 G % f it L, ¥ # % %
EEEDLIEDRAMONT WD, KIFETIE TS,
T. japonicus DIGFEDUF#EEL & S s T tetrathele &
TR Chlorella vulgaris % %58 L, T. japonicus O

- B - R

R8T A= (BF, %F, %) [I52 588 %
Wat L7z TORER, /=70 7 AGEDRE & 45K
VAZ AR TR e Do 7288, C. vulgaris 3588 Tl
IREY A PPENEEERICKEREEIRZ 572
75, OB LI, CME ORITRE (S,
C. vulgaris #5FHCTlX a_RY A M HOAEF, BEFB
L OYNEED 72 ) AT RS ENENTARE, 1765, 1565
BN 720 —77, Tetraselmis tetrathele 58 Tl CME
WM & 0 RO ALTREEINL 72 CME H1121X
T. tetrathele %> C. vulgaris ~ FZE0D K E & OF T H
T LD, INOHZEMICL->THRELTD, RED
REREIEIHBIIA LN h > 72, CME ([CHFRT
AR %17 B-Estradiol D& (347 {, T japonicu D5
BRBEIHIZRR % 5 2 5 ReMEIE R &I S 7z,

#H OB

KIFGEEATHICH2N, ZREWHIE 272wz
Helen Marcial 1#4- 1278 < &V 72 L £ 97 ABFgEIE
JSPS BHiFE: JP 17H03862 DB % 21T 72 DT,

X

Andersen, H. R., L. Wollenberger, B. Halling-Serensen and
K. O. Kusk (2001) Development of copepod nauplii to
copepodites- a parameter for chronic toxicity including
endocrine disruption. Env. Toxicol. Chem., 20, 2821-2829.

Balompapueng, M. D., A. Hagiwara, A. Nishi, K. Imaizumi
and K. Hirayama (1997) Resting egg formation of the
rotifer Brachionus plicatilis using semicontinuous culture
method. Fish. Sci., 63, 236-241.

Doi, M., A. Ohno, Y. Taki, T. Singhagraiwan and H. Kohno
(1997) Nauplii of the calanoid copepod, Acartia sinjiensis
as an initial food organism for larval red snapper,
Lutjanus argentimaculatus. Suisanzoshoku, 45, 31-40.

Egami, N. (1951) A note on the sex-differentiation of the
marine copepod, Tigriopus japonicus. Amnotationes
Zoologicae Japonenses, 24, 131-136.

Evijemo, J. O., D. X. Nam, A. Hagemann, Y. Attramadal, E.
Kjorsvik and G. @ie (2014) First feeding of Atlantic
Bluefinn tuna (Thunnus thynnus) and European lobster
(Homarus gammarus) using intensively produced
Acartia tonsa. European Aquaculture Society, Spain,
14-17.

EHTHE (1980) MIEEERHC L 27 4 7T TAD Y F 3
AV RT AT EOREERE HIKEE 46, 625-629.
[Fukusho, K. (1980) Mass production of a copepod,
Tigriopus japonicus in combination culture with a rotifer
Brachionus plicatilis, fed w-yeast as a food Source.
Nippon Suisan Gakkaishi, 46, 625-629 (in Japanese with
English abstract).]

AT Z - SRR - 3L R (1980) JMPREERECHEFE L



F 7N A T AN B I ORI R 355

2T A4 Z) A TADT AN L AAFREFEIIK T B TR
fl. H /K #E, 46, 499-503. [Fukusho, K., T. Arakawa
and T. Watanabe (1980) Food value of a copepod, Tigriopus
japonicus, cultured with w-yeast for larvae and juveniles of
mud dab Limanda yokohamae. Nippon Suisan Gakkaishi,
46, 499-503 (in Japanese with English abstract).]

MIEEL (2006) B 75 > 7 N IR BB L EIBE
R B RLVEY ((BEBEARNVE Y —KEEMIIHNT S
REHE LRI ] RAER R AW), EAIEAR,
W, pp. 113-123.

Hagiwara, A., K. Hamada, S. Hori and K. Hirayama (1994)
Increased sexual reproduction in Brachionus plicatilis
(Rotifera) with the addition of bacteria and rotifer
extracts. J. Exp. Mar. Biol. Ecol., 181, 1-8.

Hagiwara, A., M. Jung, T. Sato and K. Hirayama (1995)
Interspecific  interaction between marine rotifer
Brachionus plicatilis and zooplankton species found in
the rotifer mass culture tanks as contaminants. Fish. Sc.,
61, 623-627.

Hagiwara, A., C.-S. Lee and D. ]J. Shiraishi (1995) Some
reproductive characteristics of the broods of the
harpacticoid copepod Tigriopus japonicus cultured in
different salinities. Fish. Sci., 61, 618-622.

Hagiwara, A., H. J. Kim, H. Matsumoto, Y. Ohta, T. Morita, A.
Hatanaka, R. Ishizuka and Y. Sakakura (2016) Production
and use of two marine zooplanktons, Tigriopus japonicus
and Diaphanosoma celebensis, as live food for red sea
bream Pagrus major larvae. Fish. Sci., 82, 799-809.

Hino, A., S. Aoki and M. Ushiro (1997) Nitrogen-flow in the
rotifer Brachionus rotundiformis and its significance in
mass cultures. Hydrobiologia, 358, 77-82.

o OHeRL (1993) Euglena |2 X % 2 A EAINERIEE O Bfg & %
DOFM. LA AT A, 42, 265-271. [Hayashi,
M. (1993) Accumulation of polyunsaturated fatty acids
in Euglena and utilization. Oleo. Sci., 42, 265-271 (in
Japanese with English abstract).]

W S (1970) Tigriopus japonicus Mori, 7\ d LA D
HEHERIZOWT, HREBHESSRE, 26, 11-21. [Koga,
F. (1970) On the life history of Tigriopus japonicus Mort
(Copepoda). J. Oceanogr. Soc. Jpn., 26, 11-21 (in Japanese
with English abstract).]

Jung, M.-M., A. Hagiwara and K. Hirayama (1997)
Interspecific relations in the marine rotifer microcosm.
Hydrobiologia 358, 121-126.

Jung, M.-M. and A. Hagiwara (2001) The effect of bacteria on
interspecific relationships between the euryhaline rotifer
Brachionus rotundiformis and the harpacticoid copepod
Tigriopus japonicus. Hydrobiologia, 446/447, 123-127.

Léger, P. and P. Sorgeloos (1992) Optimized feeding regimes
in shrimp hatcheries. In “Marine Shrimp Culture:
Principles and Practices” (ed. by A. W. Fast and L. J.
Lester), Elsevier, New York, pp. 225-244.

Marcial, H. S., A. Hagiwara and T. W. Snell (2002) Effect of
known and suspected endocrine disrupting chemicals on
the demographic parameters of the copepod Tigriopus

japonicus. Fish. Sci., 68, 863-866.

Marcial, H. S., A. Hagiwara and T. W. Snell (2003) Estrogenic
compounds affect development of harpacticoid copepod
Tigriopus  japonicus. Environ. Toxicol. Chem., 22,
3025-3030.

Marcial, H.S. and A. Hagiwara (2007) Multigenerational
effects of 17 S-estradiol and nonylphenol on euryhaline
cladoceran Diaphanosoma celebensis. Fish. Sci., 73,
324-330.

WA SR dul By ORA U - FREEERD - AEEE (2008)
IV T EOAEYEA L Lo M2 M (Moina
macrocopa, Diaphanosoma celebensis) O 5 ¥l %) 8. /K
EE ¥§ %, 56, 31-36. [Nakamoto, T, I. Maruyama, H.
Kimura, Y. Inada and A. Hagiwara (2008) Two cladoceran
species Moina macrocopa and Diaphanosoma celebensis,
as live feed for larval prawn, Penaeus japonicus. Aquacult.
Sci., 56, 31-36 (in Japanese with English abstract).]

AR SE(2008) 3Ty O KEE RPN O L
BN AENO LRI RN B 3 A W58, i b U AR I 4
firt > & —Wigeids, 18, 173-214.

Ogello, E. O. and A. Hagiwara (2015) Effects of chicken
manure extract on the population growth, mixis induction
and body size of the freshwater rotifer Brachionus
angularis Gosse 1851. Asian Fish. Sci., 28, 174-185.

Seoka, M., M. Kurata, Y. Hatanaka, A. K. Biswas, A. C. Ji and
H. Kumai (2007) Possible nutrients Artemia affecting the
larval growth of pacific bluefin tuna Thunnus orientalis.
Aquacult. Sci., 55, 55-64.

State of Utah (2017) Great Salt Lake ecosystem program.
https://wildlife.utah.gov/gsl/harvest/index.php., accessed
on 17 Jan. 2018.

Schipp, G. R., J. M. P. Bosmans and A. J. Marshall (1999) A
method of hatchery culture of tropical calanoid copepods,
Acartia spp. Aquaculture, 174, 81-88.

Stettrup, J. G., K. Richardson, E. Kirkegaard and N. J. Pihl
(1986) The cultivation of Acartia tonsa Dana for use as a
live food source for marine fish larvae. Aquaculture, 52,
87-96.

Xu, P, X. Zhou, D. Xu, Y. Xiang, W. Ling and M. Chen (2018)
Contamination and risk assessment of estrogens in
livestock manure: a case study in Jiangsu Province,
China. Int. J. Environ. Res. Public Health, 15, 125; doi:
10.3390/ijerph15010125

L R RN - AL J1 - BT - KR
(1978) REWHEEAL 2> © A 7o ATHE £ H A= W AR 0 S 221,
H 7K 5% 44, 1223-1227. [Watanabe, T, T. Arakawa,
C. Kitajima, K. Fukusho and S. Fujita (1978) Nutritional
quality of living feed from the viewpoint of essential fatty
acids for fish. Nippon Suisan Gakkaishi., 44, 1223-1227
(in Japanese with English abstract).]

THAM - ZHEF (1980) MEME 2 M2+ I X
VAR ALY ORFE HKEE 46, 933-939. [Yasuda,
K. and N. Taga (1980) Culture of Brachionus plicatilis
Muller using bacteria as food. Nippon Suisan Gakkaishi,
46, 933-939 (in Japanese with English abstract).]



