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Cultivation of Marine Copepod, Acartia clausi GESBRECHT— II
Fundamental Experiments on Mass Culture

Hideo Iwasaki, Kohei Expo Jun Isun, and Sadac Nisuimara

Faculty of Fisheries, Mie University

Attempts have been made at mass cultivation of zooplankton to be used as food
for fish larvae in their early stage. The present paper deals with fundamental experiments
for densely populated culture of Acartia clausi. In a field survey,one population preferring
a high temperature of 21— 25C and low salinity of 10—20% $ was found. In the present
paper this is referred to as “summer form”.

A high production of eggs per unit volume was attained in a high density culture (one
adult per mi). Coexistence of tlie male had no marked effect on the egg-laying during a
ten day culture. The eggs stored at 0 C, in darkened seawater (28.5% S) showed higher
survival, and a hatching rate of about 80% even after 20 days. The nauplii of summer
-form in high density (5,000/1) fed on Isochrysis galbane and Monochrysis lutheri grew
with small loss until the latter stage of copepodite. They were maintained at that stage
in a density of 3,200/1 . A favorable concentration of food algae for survival was about
5 x 10% cells/ml until the early stage of copepodite, and after that about 10X 10° cells/ml
with combination of Jsochrysis and Monochrysis in equal density.

Dinoflagellate, Prorocentrum minimum was also excellent food for the animals,
though the filtrate of medium which they grew densely showed toxicity for the animals.
The egg production and growth rate were increased remarkably by the addition of P,
minimum to the basic food algae.

During the culture period, among the chemical factors in the cultural seawater a
change was notable in the ammonia concentration. It increased to about 40pg-at./1 in
the seawater which contained about 1 x10°cells/ml each of [sochrysis and Monochrysis.
The nauplii could tolerate a fairly high ammonia concentration {(ca. 3 mg-at./1),
however, this tolerance decreased as they grew. For the adult, the lethal concentration
was about 1 mg-at./1. On the other hand, ti'm oxygen consumption averaged 0.081 pd-O:

Jhr/animal (2.94 x1-0: /day/animal).  These results suggest that a deficiency of dissolved



76 pEl R Y SR P A O SR PR

oxygen during the dark period greatly deterred the growth of A.clausi in a cultural condition
of high density of animal and food algae.
Key Words : marine copepods, cultivation of marine organisms, food organisms,

physiological ecology of Acartia
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Fig. 1. Aceumulative production of eggs by a female Acartia

temperature at 25.0% S with 3,000lx. Food algae:

galbana, each 25X 10¢ cells/ml.
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Fig. 2. Relation between hatching rate of the eggs of A, clausi and temperature (A), salinity (13)
after incubation 48 hours. A :at 31% S with 3,000lx, B ! at 15°C with 3,000lx.
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Table 1. Effect of temperature upon the growth of Acariia clausi

Temperature Growth Incubation days

stages 0 4 7 10 14 17 21 24 29 33 36 39 43
Eag 10 10 5 1 H 1 1 1 1

5o¢ Kauplius 5 8 8 7 7 7 6 6 [ 6 6
Copepodite
Adult
£g99 10

109 Nauplius 10 7 6 6 4
Copepodite 4 4 [ 5 4 1
Adult 1 3 4 4
£g9 10 13 36
Nauplius 10 7 6 6 1

15°¢ Copepodite 3 4 1
Adult 3 4 4 4
Egy 10 15 33 38 56
Nauplius 10 8 6

o

a°c Copepodite 2 2 1
Adult 2 3 4 4 3
£gg 10 2

250¢ - Nauplius 8 4 2
Copepodite 1 2 2 2 2
Adult
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Fig. 8. Hatching of the eggs and survival of the hatched larvae of A.cleusi in different salinity
at 20°C with 3,000lx. Food algae; M. lutheri -tL galbana, each 50X 10t cells/ml.
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Fig. 5. Hatching rate of the eggs of A.clausi (summer form) after 2 days incubation under different
temperature (A) and salinity (B). A [ at 25.0% S with 3,0001x, B ! at 25°C with 3,0001x.
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Fig. 6. Effect of the adult density of A.cleusi on the egg production under 20°C, 25% 8, 3,000lx.
Food algae; M. lutheri+ I galbana, each 25X 10*cells/ml
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Table 2. Relation between number of adults per unit volume and egg production in A, c¢lausi

Number of animals gtému1atave gumbgr Egg production/1/day
er 15 ml eggs produce
P per 15 mi/10 days (calculated number)
$]+é]~k 165 1,100
( W)
¥z 244 1,627
133 )
$4*'$4 416 2,733
( 267 )
$8+ 88 856 5,707
(533 )

* Numerals show number of femals calculated per one liter.
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@@ I galbana-+ M. lutheri (eanh 10X 10*cells/mD+ P. minimum (5,000 cells/ml).
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Fig. 18. Growth of a population of A. clausi fed on different food algae. Food algae are the same as
in Fig. 15.
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AT REINIC BT B 2 & IRk, R & L TR+ Pomindmum £ 5.2 12 BB T
IR, M 5, R L RE AR L 72, Pominimum DA &5 2 12 ERE T I
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ti* B 2o 2, ORI, Pominimum 13K 3 BOW T Acartia iEnfg E L C3@y T

BWZEEREL Wb,

3. Pominimum OWBEHEOETE  Wko & J o, FMEBRIC L » TP minimum DEEIREH

Table 3. Toxicity of filtrate of the medium grown Prorocentrum minimum to A. clausi

Addition rate of the filtrate Survival rate

to cultire medium of Acariia

(% in volume) 0 3 6 9days
0 100 100 90 80
10 100 82.5 2.5 0
20, 30, 40, 50 100 0 0 0

A clausi 12X L THME2RT I EDREZINLADT, FOHBEICMT LB T LI, RIEH
IR BRI 2 — 7 ) o 2 & iz, FEHK (17%S) 20ml % GHBa (FE
BRIX 2 ) 12 7 —7") 7 A 20444 "Wﬁ Lo JEARMERLE A 20 X 104 MU /ml & & %) 2 P.ominimum¥s
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2~ 3 B E RIS oW TIEN Th L, ZOMBIER3ICALNS LT, BN
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% B L FNL ORI 7238113 3 BIRICIZEMoIT & A ¥ T~ THBEHL 72,

Z DFRIE, Pominimum \ZEGEOBTE T Acariio DEEISH B W & B L TR A 43 i
TAHIERPETHEE LI, BRI 77 7 b > OREEL T Pominimum 288 282
HEITREZELEEDLNS
V. BAEFEKOKREEL

A. clausi DEIC BIT 5 AL DA TS 26 M HBRARARER: 2 8% L T2 oREE{L%
FHMCWET 2 & L bic, ENENORERFIIT 2 LRI OV THER, BRE1T-
7’:o

. EERFI B B3RO NH,—N, pHIBTFEREL L UICEREOLE FHE AR (17%S )

# 120m]7“ SOHEIR S AIC A, clausi (H;A, HABARARTEE) V)bk(/}x’i LT HOIEL, HH 24
FOWN L CAEE, NHe— N EE, 7Rk (DO) . PWEL 2, MHEREIE25C T,

AU T Ao 72, I EBROBIERFIC DA M. lutlwm 2: L galbana % & LN 10X 100

MR/ mlo @ Eic 5.2 bt WHEEESEE, BAKRIIZ R o b &t - 2 b =— ViE TG ik & 8

FHUHL0E 74 > 7 T ko TR L 72, B ORIE IR E T ) ISR L S

TR R R, 7T ATMpH A — 7 —I2 L » TpH #ME L 72, £ DEFHEKE 7T A7
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Fig. 14. Survival of Acartic adults and variation of NH,-N, dissolved oxygen, pH of the culture
medium.
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WO 2R L 72,

2. NH—N (239 3 AEBRTIE, FrEEONH—N 28Tk (17%S) % d&fi
L., BHEK10ml% SO HERIRIC A, clausi (B HERBHARE) o/ —7 )72, 2 R5A . K
ki & U Tigriopus jeponicus DEARLIOE ZULA L, 25°C T4 M H %, ERMAEAREDHE
B, ZOMERHIE 2 bk o, EROREFig I5ICRT,

AcartiaTlid, /=717 2D L DHNH—N 12 U Tl kA < | #72.5me-at/1 THIZ
EAEWHIRA LN o, BET IS DTSR L | AR TIE 800pg-at/1 KL L TIZFET
Tk Lz, —7. T japonicus ENH,—N 28 L TR WG LZTRL | 10mg-at/1 D
ETLHBOURE N EREE R L 12,

L bR &, Acartia SFHIC BT 5 NH,~N o i (38) 2w o84, ki
ENEMM LAWY, Acartialc X L TRHCKRE LB T Wi EHEZ LN,

3. pHOBE  FIHHKEPHHC] # & HNaOHBE R EFH W TpH 6, 7, 8, 9, 10I2i%
L. &pHOFE KIS R EIBAE L T, 24RMIIC RS & i~ RBRS fuzpH flipH T
i3, 24EIIHIC Acariia D/ — 7N IR, aNEY 4 bR LT japonicus DA & L R
e BRI AL LD - 12,

4, BAFEEEBRE MWK (17%S) 22 L 2BIRRIc 2 L FIL A claus (BRI IR
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S AR TIETE R (R SRR )1 | R BE RIS & BRSNS I & - TR 4 )
MSFBHIENELLND, &I TR 202 125A 0 E KR o) B RS R ORI
DWW THSE R AT » 72, T % b b  ARIFIE CHAMERIEE & L CHEAL T 5 M. lutheri &1 galbana
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Fig. 16. Variation of dissolved oxygen in culture seawater containing food algae 25X 10* cells/m! each
of I galbana and M. lutheri, Broken line shows calculated value when the adults of A clausi
were reared in 5,000 individuals/L
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NN 25XT10* M/ ml @%ﬁﬁ"‘k O R EA (17 % S ) B 28R DI IR L, 256°C
4,800 1x (12080 @ 128%) O&MNCiRD . M 2 AR TOMY) ML CHEFRIREZNEL 2, &b,
Z OWIMEBIK 3. 72 1% B'ﬂbﬁ(l}\fﬂ:t L7z, MEDREE Fig16 0y,
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A. clausilIJRIB20~22CTE TR 7T > 7 b o uc A S50, F AL LK% 5 LT ATP
FLTEMABIT SN T3 ( KasaHara el al, 1975, Uve and FrEmincer 1976). LA L .
#eds (1977) 1%, A clausz OEMFAF RS L X B W TEM T LHUOMERSALNE Z &,
i ENLOE 5 WOIBIEL A clausi ISHBT B2 &5, T’*""'"‘:'Jd)'(ﬂ’f wIEL Twb, Fio,

Lanpry (19752 ) ii A. clausi DO FEHERER & KIBIZ DWW, LZMAEE & HEMEED &
WENLIOMOHBIC AR L ENALNS LR LT A 4\UUL BWTH, KERA20TLE
TR A 7 BRI SRS (R0 22 B éﬂf:ﬂfmﬂﬁfi& AR E20°C BAF T L
DA BN BRAE (AT PSE L) S MR & ol ARELARRERIC Bl AT A iz, T
hH, B#IE20C L EORIKIRL, 10~20% S RS %15 (Fig. 5, 6. 7. 8) DXL T,
BHHTIF15~20C, 25~34 % SHIFMTH -7 (Fig. 1. 2, 3, 4, Tablel), L7zd'» T,
FEOTRAS DWW TEMH O RS 2 &35 2 Sz h% ) B Cid, A2 HE AR
A AR U T L ER 24T - 22, I HBUEAIIc DT, 48, Zodfige (i
SRR 2RI NS, L L. JOMEEEE TS RIRE TE TSI b D B
BLWHREIC b EEZ LN,

I A S L7 A. clausi DFEFE T B IS AR BN % 8% ORI KBIC
THECIPHSIHKERINT D (HEREKER1974, B4 1979) ZRIREE LT /-7
)27 20 WEAE B D — I TH D . THHA, clausi OBFEE NI 5 %) DHEHEWMS T B, B
LI RIERRICH L CEAEZRET 2 EWRS S oA, BREFIICEBIAIET L, T
BOFER, BADEINE E 72BN LB DA SR A ELo>: ‘ff?f’ Wi & R o AR
LB YA LN LD 9’"";{ LILA, KA (1957) &, Sinocalanus tenellus?4H:h#
2: fl—ABNTHES NS &, RKIBICZOEMEPTIMMrALNL I EEREL TWD, &

b GREEE) L. S.tenellus DM EMEOIFE T ClRI AT E A EEICEL -T2

z é: REELTWS, BIFRETH, /=772 &R0 TR B E BB S L, BE
R H B3, /=7 7R BIRE DGIRE LR L H Z bz, F, AR LK)
LR KR, B REN T T ML, REYTTHEL T, BEHINE ks &l BEL T
Kz e, mﬂ:!JLLODJaVDI ST A B ohuiEREy & b,

PEONE20CHIIE TR D £ » 72 (Fig. 1, B S 1977) A%, HEIE LTS B 5 5 IO
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B, BRBICETIERIIT-TWwhv, 2%, HEORHIH L EBbN o, RINIMES 500
B/ BEOBEE CLWERTH ), ABXED L) ORIIED> L4 5 L4 L AZDBRENNE
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BELICKREL., WETLILEVGDLEEBbNS,
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DOEE. RIS RIZTEHE L LHE TS BERETILE» DD LB, 3 8777
FAcH T RO BIETAMEIZ L T, TOHOMELLEEEZ SN, FRICL -
TR AT 2RO FKELIFTELI2L Ly,
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