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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 such as Arfemia and rotifers. Marine
fish larvae fed with copepods 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.

Copepods from the genus Acartia are good candidates for a live feed because their body size,
swimming behavior, and biochemical composition are suitable for many marine fish larvae which
have small mouth gapes. In addition, Acartia species produce dormant eggs which can be stored
and hatched to feed fish larvae. Acartia steueri Smirnov is widely distributed in the coastal wa-
ters of the western Pacific Ocean, and is an essential food source for the larvae of commercially
important fish in their natural habitats.

Different dietary microalgae affect the egg production rate, hatching success, survival rate,
growth rate, and the population growth of copepods. One of the underlying bottlenecks in the
intensive cultivation of copepods is fatally low survival rate during their larval stages. Calanoid
copepods including genus Acartia feed on live microalgae. In the present study, in order to clari-
fy the favorable dietary microalgae for larvae of Acartia steueri, the nauplii individuals were fed
with four mono-microalgal diets and one mixed-microalgal diet to measure their survival rate.

The present study conducted two experiments. In the first experiment, the nauplii hatched

within 24 hours were individually reared in 6-well plates under three diet conditions (mono-diet
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of Tetraselmis suecica, Rhodomonas salina and Isochrysis galbana) in April 2019. Survival rate
and development stages of the copepods were measured every two days. In the second experi-
ment, the nauplii were reared in 600 mL beakers under three diet conditions (mono-diet of 7
suecica, Chaetoceros gracilis, and a mixed diet of 7. suecica + C. gracilis at 1:1 carbon ratio) in
April 2020. Survival rate and development stages of the copepods were measured at day 10 and
day 20 during the incubation duration.

In the first experiment, the survival rate at day 20 was 26.8 * 7.2% when fed with 7. suecica,
which was the highest value among the mono-microalgal diet conditions. However, only 0.6% of
individuals fed with 7. suecica were developed to the adult stage (copepodid VI). In addition, the
malformation at first antennas was observed from the copepodid individuals fed with 1. suecica.
1. suecica is well known to be rich in amino acids but with poor fatty acid content. These results
might suggest that 7. suecica is the favorable diet for early developmental stages (i.e. nauplii) of
the copepod 4. steueri, but has a nutritional problem for the later development stages of life cycle.
In the second experiment, the ratio of individuals developed until adult stages was maximized
under the mixed diet condition of T. suecica and C. gracilis, and this mixed diet can be consid-

ered a favorable diet for 4. steueri larvae in the present study.
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JOPREEL Tz A. steueri R e FERZE THETHILT
HB7zo 1. 2 MIHOEBRIZH W BAERIZZNZN,
2019 4F- 4 H. 2020 4F 4 JIZEREL 7z RISz

Table 1. Microalgae used as diets for copepods in the present study.

Microalgae Classification Cell size (um) C/N molar ratio
Tetraselmis suecica Chlorophyte 7.0+ 1.1 59+09
Rhodomonas salina Cryptophyte 103 £ 2.7 6.9 £ 0.6
Isochrysis galbana Haptophyte 45+ 1.1 11.5+£1.3
Chaetoceros gracilis Diatom 59+£0.6 89+04

Mixed diet
(T. suecica & C. gracilis)




BT © A 7 U FH Acartia steueri DEEFEZ BT HEEE R ES 36
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3.1. 7z V7L — bRV 1 BEOER
(2019 £ 4 RIRE&EMEH)
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B RHEUHE VR PITEA L. B EOHEIZa RS
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First-experiment
100 —— (a) T. suecica
1
75 —
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25

(2022)

FI624 + 148%. 268 = 72%% 7KL K54 20 HH
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7= (one-way ANOVA, Tukey-Kramer, p<0.05, Fig. 2) o
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CaEABIEE SN (Fig.3)
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=TI A OEAFERIZ17.3 £ 19.8% &R L7225,

ENOC1 mC2O0C3 =C4 mC5 GC6
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Copepodite stage survival: 1.0£1.5%
N1-C6 survival: 0.6%+0.8%
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Figure 1. Temporal variations in survival rate and development of Acartia steueri fed with (a) Tetraselmis
suecica, (b) Rhodomonas salina, and (c) Isocrysis galbana in the first-experiment using plastic well-plates
as incubation containers. Bar graph colors represent development stage of the copepods (N: Nauplii, C:
Copepodite). Survival rate from naupliar to copepodite stage, copepodite stage to adult, and from nau-
pliar stage to adult are described in each figure. 370 individual nauplii were used in each diet treatment,
which were spawned from adult females collected in April 2019 at Manazuru Port in Sagami Bay, Japan.
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Figure 2. Survival rate of Acartia steueri fed with
Tetraselmis suecica, Rhodomonas salinalll000soc-
rysis galbana, in the first-experiment using plastic
well plates as incubation containers. Bar graph
colors represent each microalgal diet treatment.
Survival rate of N1-C6 indicates the percentage
of individuals surviving from nauplii first stage un-
til copepodite sixth stage (matured adult). Error
bars show the standard deviations (n=3). Asterisks
on the top of bars denote a significant difference
among conditions (one-way ANOVA, Tukey-Kram-
er, p<0.05). Nauplii specimens were prepared from
adult females collected in April 2019 at Manazuru
Port in Sagami Bay, Japan.
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HEAFERIE 0% LR E CHE CELMRITEIETH -

HA TV HH Acartia steueri DRI BT LEARHRET 38

720 ¥E#E 10 HHE 20 HHOAEAFRIIZNZN 244 *
22.3%. 4.0 *5.0% %/~L7: (Fig.2)o

Isocrysis galbana H.—8HEFX BT B HEAEFRITRT 48
FHAG LD ST L, 5538 16 HUIAIZ T RCof
DIETL, TR AMIZERE TEAFITE EThH-
7272, =TT AW, AR AN, =TT A
WIS AFE COAELFHFIZET 0% THo7 (Fig. 1)o
A2 10 HHOAFF#IL 2.7 + 32%. K53 20 HHOAE
312 0% Th-7- (Fig.2)o

3.2. E=H—%F: 2 BIEOEER
(2020 % 4 BIRERE T

T. suecica H.—EFFLXIZBIT B 58E B R, EIZ
TN EDNED (Fig. 4). AFEITRGEE 10 HEIC
40.0 +5.2% 2R L7221, 7552 20 HEIZIE 6.1 £5.4%
FCETL., BARICERE CEEARDOE AL 0% ThHo
7> (Fig.5)o

C. gracilis Hi—#} X COALFRITRTH 10 HEIZ
455 = 153% &R L7212, K522 20 HEIZIE 123 +
82% FTIRTL7: (Fig. 5)o BURIZERETE7AEED
FAE1L 105 £3.8% 2R, AT TOFEIIRET
22 H& %L 72,

T suecica & C. gracilis DG EHXIZBIT H8532
10 HEOZEZEE OB C. gracilis B—fF} X &

Figure 3. Images of malformation observed at first antennas of Acartia steueri copepodid fed with Tet-

raselmis suecica, in (a) dorsal view; (b) lateral view. An arrow in the right image indicates a broken point of

right first antenna.



39 TN TSR 5 25 (2022)

Second-experiment
ON OC1
(a) T. suecica
100 71 [ 7
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—
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Figure 4. Temporal variations in survival rate and development of Acartia steueri fed with (a) Tetraselmis

suecica, (b) Chaetoceros gracilis, and (c) Mixed diet (T. suecica + C. gracilis) in the second-experiment us-

ing glass beakers. Bar graph colors represent development stage of the copepods (N: Nauplii, C: Copepo-

dite). Error bars show the standard deviations (n=3). 370 individual nauplii were used in each diet treatment,

which were spawned from adult females collected in April 2020 at Manazuru Port in Sagami Bay, Japan.

Second-experiment

100 4 OT. suecica
X oC. gracilis
; 75 4 B Mixed diet (T. suecica + C. gracilis)
©
© 50 A
2
E *
> i
D 25 %

. AN BN

at Day 20 N1-C6

Incubation duration & development period

Figure 5. Survival rate of Acartia steueri fed with
Tetraselmis suecica, Chaetoceros gracilis, and the
mixed diet (T. suecica + C. gracilis) in the second-ex-
periment using glass beakers as incubation containers.
Bar graph colors represent each microalgal diet treat-
ment. Survival rate of N1-C6 indicates the percentage
of individuals surviving from nauplii first stage until
copepodite sixth stage (matured adult). Error bars
show the standard deviations (n=3). An asterisk on the
top of bars indicates a significant difference in among
conditions (one-way ANOVA, Tukey-Kramer, p<0.05).
Nauplii specimens were prepared from adult females
collected in April 2020 at Manazuru Port in Sagami
Bay, Japan.

FMLTBY (Fig. 4). AAr=8135548 10 HHIZ 552 =
14.4% %R L 721212, 5532 20 HHIZ1X 350 £ 18.7%
NETLZ: (Fig. 5)o BUERICERETEMEOEI G
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HAIZEEZ/RL (one-way ANOVA, Tukey-Kramer,
p<0.05). HAEFTOIEEITRIT T 22 HEZEL 72,

4. ER

2019 4F 4 HI2AT =72 3 F0 B — B R4 72 1 (0]
H? Acartia steueri %t - SR O f 8 65 Bt O K& T
(&, Tetraselmis suecica fEHX T/ —7) 7 2L A4 1]
DHEAFERIL 489% & MWETE MLV bE W EZIRL
720 1 HHOEBIZBWTHARMEE S ME—SON2 T
suecica FEFHX THH72h%, TR A MNIEEI D A=A
FIX 1.0% EPOBAETOAEFHIL0.6% LI
E—iE RTINS KL V-7 BE T EL S
COMETBIE NI, REEIL A steueri 0/ —
TN ANHNNIE R R TH LD E N LD 5%
BFSZBWTIE, RERIMO»OMENHLHEEZD
11 72c Knuckey et al. (2005) |3 Acartia sinjiensis O
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