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Abstract In aquaculture and ornamental industries, copepods are recognized as preferred live
feeds for marine fish larvae over commonly used organisms. Marine fish larvae fed with cope-
pods show better survival and growth. Despite obvious advantages of copepods as the live feed,
their use is still limited owing to low productivity and cost-efficiency when mass cultivated. Diet
affects copepod egg production, survival and growth rates, hatching success, and population
growth. One difficulty with the mass cultivation of copepods is, however, the varied dietary re-
quirements of individual species. Species of the genus Pseudodiaptomus, egg-carrying copepods
that occur widely, can dominate marine coastal waters, and are preyed upon by commercially
significant marine fish. Consequently, some Pseudodiaptomus species are used as experimental
live feed in marine aquaculture. Pseudodiaptomus nihonkaiensis Hirakawa is a dominant spe-
cies during warm water seasons in Sagami Bay, Japan. Because of the potential suitability of P.
nihonkaiensis as a prey source for larval fishes, the nauplii individuals were fed with three mo-
no-microalgal diets and one mixed-microalgal diet as the control condition to determine which
of them was the most favorable for the survival and reproduction of this copepod in culture.

The nauplii were incubated in 500 mL glass bottles under four diet conditions (mono-diet of
Chaetoceros gracilis, Rhodomonas salina, and Isochrysis galbana, and a mixed diet of C. grac-
ilis + R. salina + I. galbana at 1:1:1 carbon ratio) for 15 days. Survival rate and development
stages of the copepods were measured during the incubation duration. At day 12 and 15, oviger-

ous rate and sac size were also measured.
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There was no significant difference in ovigerous rate and egg sac size among four diet condi-
tions. Survival rate from nauplii to adult stage was 10.0 = 11.1%, 35.3 = 20.4%, 46.7 + 6.1%,
29.3 = 4.2% when fed with C. gracilis, R. salina, I. galbana and mixed diet, respectively. The

malformation was observed in the copepodid individuals fed with R. salina and the mixed diet.

These results might suggest that R. salina has a nutritional problem for the growth in P. ni-

honkaiensis. The ratio of individuals developed until the adult stages was maximized under the

mono-diet of 1. galbana, so this mono-diet can be considered a favorable diet for P. nihonkaien-

sis cultivation in the present study.
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1. 1ZL&IC

IAT VI L DM FEAHERO T E LM EHETH
D, TOWHLENEWD 80% % D5 EAHHILT
V% (Tanaka et al. 1987, Mauchline 1998), #1147
BIIL A SAIRIIIRE Z<EH L, (FHEROELE
LCHL 7R A R R 2eh 0, KERMGEICE
T AR O LB EEZ 26N TW5 (Stettrup
2003) 0 ZD7zONAT VHHEAFHEMOBEELLL THW
BEBEDATOI, AT VAR L7 HEfIET A
RTIVTITEFELA L HER LA AR SRR
R R I AE AN 3228 s Cnd
(Shields et al. 1999, Barroso et al. 2013) . ZDEH7%
DL RIRII D OIRE SN AA T VDT HE R O E
IEHSNED, RETIFEFH LML TRER
TEALSC B, 2 Az A 0 R0 995 i AT 7S R R i A
NREATHESTERE DB D GRE 2014) o Z D728,
B BRI 72BN TOEM LRI T HDOK
wEAFEDROLNTNDA, TAEDREAF A R
DOREFRL L7 BHIIE 2 O & FE IR (Molejon
& Alvarez-Lajonchere 2003). A7ZHEEZFi A& ST
Who IATVHEHORERIZBWT, T8 RHIAA
TVHONERE S, B, EAARRP R
S, AREEORINERE DTS (Camus & Zeng
2008, Pan et al. 2014) o XREFTIHATIHMTE, £
725 B AR B R A S S B B AR SNTBY

(5 115 2022, Takayama et al. 2023a, Takayama et al.
2023b) . AEMERKALT 720, HRETBHATY
FRE L\ I B R R § 2 D DD
Pseudodiaptomus J& 7147 AR FEIZBWTHH
SNDE WA THY), LE ORI, DL
B TP AR P L A AR A S8 i WAL
(Walter 1989), i 4 1 CTh 2 4 il L2 <ld, H
HULE B4 L. IR 2SR BE 1T
AZENHSIN TS (Hirakawa 1997), HAAZREE Tl
e AR FED A7 4 — LIS A2 EA S THY
(Blanda et al. 2015). P. nihonkaiensis Tl ILMNALEE D
PHEEABIZBWT, TYELORBIFIZHRK 86.1
inds. L' DAY+ —AHEE SN TS (Kimoto et al.
1988)0 72 AIED P annandalei 31K % 55 (Blanda
et al. 2015), FiLERHE (Doan et al. 2019) Z%EDEREE
B ADNit 2R Tetraselmis chui 728 D5 5 A
REFIARIIEE (HUFA) \ZZL\WEPR A AR L7
BT, fKMIZ HUFA 2% 83 AZEA s ST
% (Rayner et al. 2017). Pseudodiaptomus & 1% 7K
IEIZ BT SEN AL T, Fry oy
IN% Epinephelus coioides (Lee et al. 2010), 71737
~ Hippocampus kuda (Thuong & Hoang 2015) % %
X RIZHIE A Y R e L CRBRIIZE I SN T %, P
nihonkaiensis \3FEE- B . HAE & Tl i L
FOIERTI 20Tl (Fig. 1), AWFFEDFEERTHE
FIL 72 A A7 BB L 7 AR AR A 7 Tl K T | 1B
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Figure 1. Reported localities for Pseudodiapto-
mus nihonkaiensis. (1) Hirakawa 1983, (2) Hira-
hara 2018, (3) Natori 2018, (4) Soh et al. 2001,
(5) Kimoto et al. 1988, (6) Shimode & Shiraya-
ma 2004, (7) Omori et al. 2015
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2.1. SRR

AN ZE TUE, K E 72 Gl 0 B T — Ak A 2 B R
I L L C. 7Y 7 b ¥ Rhodomonas salina, ¥ FE
Chaetoceros gracilis, /7N Isochrysis galbana @ 3
fli% 7z (Table 1)o 2 TOMGHEEIL 50 mL O
=7 A HCRIGEE Rz, BiEICHW A
EHSLOA—ML—7 (121°C. 20 47 1H) %A H
IR L7z B38| I BRE B L B0 3 km 12581
72521 M (35°09 45" N, 139° 10° 00" E) |2 THRKL
7eFE MK Fo A IR R 0% 35 (2L,
LFE 0.22 ym DAY TL 7 4)F— (Merck Millipore)
TUBL7-b0%FARMAREL, 112 B aVERc L e %}
BEHOREFEICH Wz, BEEIOKIR 25T, JGIREE 120
umol m” s, BHRE AL 12 BRI SR EL 721~
Fa2~—%— (FLI-30IN, EYELA) WCHEML 5
Ho O SRS O MR B MEREH IR L AR
YSEMSE T (OPTIPHOT-2, Nikon) TaI%ZL7z0

Table 1. Cell size of microalgae used in the
present study. Cell size was referred from
Takayama et al. (2022).

Microalgae Cell size
(um)
Chaetoceros gracilis 59 *£0.6
Rhodomonas salina 10.3 £2.7
Isocrysis galbana 45 *1.1

Mixed diet
(C. gracilis + R. salina + I. galbana)

22. 8770 b R LR EBKORE

By 77 o 7 b S RHIAIEE O LV I AL iE S S
B (35°09'49"N, 139° 10'33"E; /K& 6 m) TR
EL7z W77 3T 2021 4 8 HOHKIE
#I2. HE 180 um OB 7 7bAwh (4 30
cm, RS 100 cm) A T A5 i I & TR E Il
FRETLIE TR, EBICMHEHL 2R 2K,
TE I MIZBWTEB KT Ny THRKL, BIICE
WCHAVY 180 ym DF AT Y Ay 2 TRIIO BN 7
GO RRERE, HEV 022 um DAY TL U T4)V
Z—TIEEBIE (FSW < 0.22 ym) L72b0% 720
RESNTBW 7T 2 78 AR R E HICEBRE A~ %
L. FERBEMEE (WILD MI0, Leica Co., Ltd.) TP,
nihonkaiensis D AAEAR D% . Hirakawa (1983) #°
i LR MR R F R R L 720 ERISN T
TR IR B IR K Tl 7L 2B’ 3 L DT IAF
IEARNICREL. BLE KR Th DK 25°C. FREJE
Y 12 FER 12 BEE ORISR EL /A v F aN—F—
(Biotron, NK system) THIIZ ;5% 1 MM 1T 572
B3 iX R. salina. I galbana. C. gracilis % jic 35 It
1:1:1 TIRALZZEEEZ 2.0 ug-C mL" (Kigrboe et al.
1985) THEFL7zo FEEOBIIHE OB AIZLLK
HEALZBE 728, 3000 rpm T 5 43 R D505y B
TV, BEARTHR 2, BIEE IR ES
N7z =TT AW A FEREEMEE T CERIL. LLF
VIRU7EE A ERRICMEL 72,

2.3. Pseudodiaptomus nihonkaiensis D HEEERIDIRET
RN EINT2 P onihonkaiensis O —7)7 A% A 50 i
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R4 36 OIEEBEE K (<0.22 um) Tiii7zL7z
7 500 mL O~ T — AN EIBAT AL NI
ALK 25°C BG4 12 BRERL R e L 721 > %
~X—%— (Biotron, NK system) T 15 HH 55 #& L 72
B A2 AP SRR O TR B Z B 728, 5 rpm L ZRK
SE L7zl #x3 > = — 75— (IKA Roller 10 digital) T
BHEL 720 BB SR FEBRIXELC R . salina Hi—§
BHX. I galbana Hi—8H#HX, C. gracilis H—FFHX
D 3 5. RRXELT bk 3 FEOMGHHEEY kR
L1 TRAELZZRGEHB X OGE 4 el B
BHEBRIIE S 3 HTIT, £ EE 2.0 ug-C mL!
DO CTHHMGE Lz, F7o. Bk oKEELx
Bi7z0, 2 HBEIZEEFHEIR D 50% & 37727118 185 i
ZEHAL 720 3 HIZ 1 M OHE TE A AN O %
=L, FERFEMEET T/ TV RLE, 3
NRTANNR, FABME AR TR 52
ET, IAT VDRI E SR P Ko7z,

=TV AN BT BALEE (%) LT (1)
NTHEL.

Kz

Cind

Nauplius stage survival = e 100 (1)

N ind \ZFEERAE L 72— 77 250 A o 4 W A4
¥ (ind.) %.C ind |33 R ANMFCIIEL AL
(ind.) Z7R9 o T RFAMNIBIFBEFE (%) &
Dro (2) XTHEML.
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Aind

Copepodid stage survival = R 100 (2)

A ind \IFAE (Kb 6 H]) FTRELMESEEL
(ind.) ZR$o /—TVIADSBATTOEEE (%)
T (3) TR,

Aind

Nauplius to adult survival = PR 100 (3)

IR AR AL 7255228 12 HEL 15 HEZIZ
INEEE A T HAADMER I A F T BT, ARAEIC
HODIEIIAZDE G THHEEINE (%) KDz, F72,
OEDDINEENDINEE T T AL TINEFA X (eggs
sac") &Rz,

3. @R
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B2 3 HEIZT R TOMEXIZBWTaKy (b
WAEAHBL, BAOBBIIR 2 6 HHICR &8
BXIZBWT, 9 HEIZT RTOMEHXIZHB VT
A&7 (Fig. 2)o Chaetcerous gracilis #6585 [X C
IEEEBAIA D OR 2 6 HHICNT THEFRFEDT82.0 £
20.1% WA L7=2DIZx L. Rhodomonas salina 5 £
X Tl 45.3 = 16.8%. Isochrysis galbana ¥58 [X T
1327.3 = 5.2%., {REEEXTIE42.0 = 23.7% Ik
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Figure 2. Temporal variations in the ratio of developmental stage of Pseudodiaptomus
nihonkaiensis fed with (a) Chaetoceros gracilis, (b) Rhodomonas salina, (c) Isocrysis gal-
bana, and (d) mixed diet (C. gracilis + R. salina + |. galbana). Colors of bar graphs show
development stage of the copepods. Error bars show the standard deviations (2=3).



W 1HEA - HAT T HE Pseusodiaptomus nihonkaiensis OFFF} 46

=T A O T E C. gracilis B £ X
T26.6 £ 19.0%. R. salina f#}X T 50.0 = 15.6%. 1.
galbana £ KX C 58.0 + 7.2%. {4 85 KX T 56.0
*27.4% %/RL72H (Fig. 3a). BHRHX [ CHETHI 7%
BREAIROON o7z, IR AMPOEFE 1L
C. gracilis 5 ¥} X T 26.1 * 24.2%. R. salina #§ ¥} [X
T 43.4 +40.1%. I galbana EEFIX T 81.6 * 7.6%- i
A EERHX T 58.9 + 21.0% #/RL72A° (Fig. 3b). EH
X CHET 2 B EITROOLN L h 57 (One-way

ANOVA, p > 0.05)c /=7 )7 AN DSAEE TOL:
=% C. gracilis fEFHX T 10.0 = 11.1%. R. salina £
FHX T 35.3 £ 20.4%. 1. galbana BFFHX T 46.7 + 6.1%-
IRAFIEHX T 293 +4.2% THY (Fig. 3¢). I galbana
FPEHXAZ C. gracilis fEEHXIZ A, B REIZEV AR
%#7RL7- (One-way ANOVA, Tukey-Kramer, p < 0.05)o
R. salina #5688 X ERABIRHXIZBWT, BEERO K
{8 (Fig. 4b). H—fEOEMLYTIL (Fig. 4c). PRz
RO AELNSTTERERE LN (Fig. 4d)o

(a) Nauplius stage (b) Copepodid stage (c) Nauplius to adults
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Figure 3. The comparison of survival rate until nauplius to copepodite, copepodite to
adult and nauplius to adult of Pseudodiaptomus nihonkaiensis reared different condi-
tions of algal diets. Error bars indicate standard deviations (» = 3). An asterisk on the
top of bars indicates significantly difference (One-way ANOVA, Tukey-Kramer, p < 0.05).

300 ym

300 pm

Figure 4. Images of observed malformation in
Pseudodiaptomus nihonkaiensis fed by mo-
no-diet condition of Rhodomonas salina and
Mixed diet. (a) adult male without deformity, (b)
adult without caudal ramus, (c) copepodite with
shrunken first antennas, and (d) copepodite
with shells attached due to failure to molt.

3.2. 5pEE

B DR REEE 7o) — 7)) AL A OB AR R
% 15 HH FEMEL 72£2 A, B33 12 HEICHEI A i
DOHBLIATT N COMGEH X CHERRSIL, IEINEIIEE 2%
12 HH® C. gracilis #3851XC 10.7 + 18.6%+ R. salina
KT IX T 83 *+ 14.4%. I galbana 5 [X T 189 *
19.8%. RAFEIX T 250 +43.3% THY) (Fig. 5a).
B 78 15 HH Tl C. gracilis #5 81 X T 29.2  29.8%
R. salina 388X T 22.5 + 27.2%. 1. galbana #5EH X
T 43.3 +322%. R EEHEHX T 50.3 £ 45.0% THo7z
(Fig. 5b)o MIHEDISKAET X CTHREAHI 0B B 21
DL/ o72 (One-way ANOVA, p >0.05) o
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Figure 5. The comparison of ovigerous rate of Pseudodiaptomus nihonkaiensis
adult female reared under different conditions of algal diets (a) on day 12 and (b)
day 15. Error bars indicate standard deviations (n = 3). A significantly difference
was not detected among diet conditions (One-way ANOVA, p > 0.05).

PNEEY A XX C. gracilis ¥5FF X T 13.0 = 3.8 eggs
sac'\ R. salina % £ [X T 10.3 * 6.3 eggs sac’'\ I
galbana #3FEIX T 11.0 = 3.3 eggs sac’. A FHEHX
Tl 15.9 + 3.9 eggs sac' THo7z7% FAEH X [ T
A% BEETRDOON 572 (Fig 6) (One-way
ANOVA, p >0.05)

257 n=24
201 n=s
151

Sac size (eggs sac™)

G A
‘3\\ \‘09 N
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Diet condition

Figure 6. The comparison of average of the
sac size of Pseudodiaptomus nihonkaiensis
reared under different conditions of algal diets.
Error bars indicate standard deviations. Hori-
zontal lines and cross marks in the box plots
show average value and median, respectively.
A significantly difference was not detected
among diet conditions (One-way ANOVA, p >
0.05).

4. BE

Wi - SR DGR O FINA T VO K e
BB DR A7 DOEDTH D, RIFFELFEIFED
R B EERE A TS, Acartia steueri %R R EL7206AT
W BB =TI AN E DO BAEE TOALEERIT,
H—fAHX TR 10.5%. RAEFHX T 20.4% &3
HEINTWD (H1152022) AFETIE, #4254
DDOEERL ST P nihonkaiensis O — 7)) A5 HE D
BTl R OME 2 AT o 7oA Ry /=T
AN DB RARE TO AL 2L Isochrysis galbana £5
BHXIZBNT 46.7% Efbm\ B /RL7z. L galbana
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WL 720 Acartia sinjiensis, A. steueri TIXVZENE
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