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Life History of Copepods Especially of Nauplius Larvae
Ascertained Mainly with Cultivation of Animals

Fumihiro KoGa
Fukuoka Prefectural Fisheries Experimental Station, Fukuoka

" Abstract

In general copepods do not lay eggs freely, but carry their eggs in the sac or in the egg
string attched to the genital segment of the abdomen. However, some copepods deliver pelagic
eggs freely. Most of calanoid copepods have this character. The eggs hatch as nauplius larvae.
The adult structure is attained typically after 6 naupliar and 5 copepodite instars. There are
unmodified semiparasitic copepods and also modified parasitic copepods that can only be identified
as copepods by théir nauplius larvae.

The nauplius larvae appear in various forms as shown in Fig. 10. Generally, the body of
nauplius is symmetrical, but some calanoida nauplii are asymmetrical in shape. In Amphascandria
the nauplii have right caudal seta which is longer than the left one. In Heterarthrandria the
nauplii have left caudal seta which is longer than the right one.

In Harpacticoida the nauplius of Longipedia has a heavy medial seta. In the 1st nauplius
of Microsetella there appears the trace of the medial seta like that of Longipedia. It is considered
that Microsetella has evolved from Longipedia, suggesting the phylogeny in copepods.

The following equation could be set up on the variation of some copepod populations in
Fukuoka Bay. .
dN/dt=(b—at)N (1)

where dN/dt is the time rate of change of the copepods population, N is the logarithms of
population size, @ and & are constants. One could obtain directly from this equation that if the
population (N) is at its maximum: dN/dt=0, then, b=aT where T is the time interval between
the initial and maximum population sizes.

If equation (1) is integrated we obtain, Nt=2Nye'®®-28¢ where Ny is the initial population.

The number of nauplii in the copepod stocks indicates whether the population of copepods
is increasing or not. If the nauplii are numerous in number, the population is growing.

Since copepods are very important foods for the larvae of fish seed used in the marine fish
farming, we should develop methods of mass culture of copepod populations which provide a
high growth efficiency. ‘
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Fig. 1. Schematic diagram of the organization of copepoda nauplius.
1; Antennule. 2; Antenna. 3; Mandible. 4; Maxillule,
5; Maxilla. 6; Maxillipede. 7, 8; 1st, 2nd feet. 9; Nauplius
eye. 10; Rostrum. 11; Labrum. 12; Carapace. 13; Caudal-
armatures. a; Coxa. b, Basipodite. c; Endopodite. d; Exopodite.
e; Gnathobase (masticatory process). f; Lateral hooks. g; Ventral
hooks. h; End hooks. i; End setae (spines, feelers).
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Fig. 2. The adult female with the various form of egg-mass.

1; Pareuchaeta russelli. 2; Corycaeus affinis.

3; Corycaeus crassiusculus. 4; Euterpina acutifrons.
5; Trebius latifurcatus. 6; Lernaea cyprinacea.

7, Haemocera danae. 8; Lernanthropus kroyeri.
9; Chondracanthus lophii. 10; Lernaeocera branchialis.

Fig. 3. The eggs laying by an Acartia.
: The female squeezed the eggs out of the narrow genital opening.
: The newly-laid eggs are roughly pear-shaped.
3: The eggs separated and rounded off in a few minutes after laying.
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Fig. 4. The eggs which the copepods did cast freely in the water (after KoGa, 1968).

1. Calanus finmarchicus. 2. Calanus finmarchicus, Troms ¢ form. 3. Calanus helgo-
landicus. 4. Calanus hyperboreus. 5. Undinula vulgaris. 6. Temora discaudata.
7. Labidocera acuta. 8. Pontellopsis yamadae. 9, 10. Eucalanus elongatus. 11, 12.
Eucalanus crassus. 13. Centropages hamatus. 14. Centropages yamadai. 15. Cen-
tropages abdominalis. 16. Centropages furcatus. 17, 18. Tortanus discaudatus (cgg
and case, viewed from above and side).
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Fig. 5. Total number of eggs laid by individual Calanus a-1
(after MARSHALL, S. M. and A.P. ORR, 1955).
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ETHO, TR (1940) 1 Tigriopus japonicus ~C14 E%HFLL TW5, MARSHALL and ORR (1955) id
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{kThH?, Figs. 67 ICHT/ 1 FD Acartia clausi, Figs. 8+ 9 [ \ns¥y F a4 £ D Tigriopus japonicus

Fig. 6. The 1st-6th nauplius stages of Acartia Fig. 7. The copepodite and adult stages of
cluusi, Acartia clausi.
1-5: The 1st-5th copepodite stages.
6, 7: The adult, male and female.
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Fig. 8. The 1st-6th nauplius stages of Tigrio- Fig. 9. Copedodite and adult of 7. japonicus

pus japonicus (after KoGa, 1970). in dorsal view (after KoGga, 1970).
1-3; stageI-III. 4-6; stageIV,Vand

adult (female). 7-9; stage IV, V and
adult (male).
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Fig. 10. The variation of copepoda nauplii in shape.
1; Calanus. 2; Rhincalanus. 3; Pareuchaeta. 4; Tortanus. 5; Labidocera.
6; Temora. 7T; Longipedia. 8; Tigriopus. 9; Metis. 10; QOithona. 11;
Caligus. 12; Haemocera. 13; Clavella.
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Fig. 11. Seasonal variations in number of some copepods in Fukuoka Bay.
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Fig.12. Seasonal variation in observed Acartia
population (solid line) and the theoretical
population (dashed line).

200.0 T
100.0 |-
50.0 r
L
May 31, 1972 \
‘—— 5,000 Acartia) Y
10.0 & ~—10,000(01 thona) '\:
5.0 i
!
1.0 |
0.5 F
16.0 17.0 18.0 19.0

Chlorinity (%)

Fig. 14. Diagrammatic representation of Acar-
tia and Qithona populations according to
the various conbinations of chloropnyll-a
and chlorinity in Fukuoka Bay. Number

of individuals indicates number in m?.
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Fig. 13. Diagram showing the percentage com-
position in the hauls of Acartia clausi
(5+a indicates the 5th copepodite and
adult stages).
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Fig. 15. Diagram of appearrance of copepods
in the most suitable conbination of chloro-
phyll-a, chlorinity and temperature in
Fukuoka Bay.



BULL. PLANKTON SOC. JAPAN VOL. 20. NO. 1 (1973) 39

&L LRMEMMBR0IAD, ThREGHSREBEICELT LY BT 2, BRI BB
HE50REOMEHLLHUETTER Y, LrLERRERC ST S/ ~ 7Y 7 A0 b2 HRHEAC X » THE
THZLMNTES (Fig. 13),

/=TI AREDEE ,

ARE—-F, /=7 )Y AOREOHRRINE, DHELTHEERORMETH S, Lnl, I~E—~FdKd
sl BAMEN Y OFARERTHY, BEOEYAE FEEAREYRAELTWS, 0k 38— L@k
BOPIRIRILETHY, FOMRKIR/ —F Y T AE2RWTIRARTLTH S, REBHERHED D OBEE
BECHEL, FOo4MoEKL LTS5 7+ VRLETHD, 7L HoROEEELTaE—FEBHA
ENTW5D, ZDic® Tigriopus IEDIARE—~FHABFOGANL I TD, aE~FHAFHOELD 1
DOHBIC /) — 7 ) Y ADTE, AREFLTARRSRSTONE, COokDdaE~F, /=T Y RORBO
Wb nEein %, Fig. 14 WiERESIcs 35 Acartia & Oithona OHBHEEY Juu7 4 —a LEFRERL
DEFER R LA, Thick LML bHEERTIIMN 18%, /oo 7 4 A TR 4mg/m® BEHT, £OME
DOETFTCRHAERBRLLTHWS, BEEOIRT—-FOHREZTOREERNL LTOKE, HERL /o077
1V —a OBRBMEE OEFREERLZDIL Fig. 156 TH D, TRLDOMAI L » TIRE~L OIEREE L TRH
TETCENRTRDLELD, '

FEUD IR~ FREFEEYO1HATHY, ZokIEd/ ~7 )Y AnBET 5, TF (1962) kK&
CEAEL, BEYHTAHY L OREYFR LA, WCLBLED/ ~T ) T ASBEF (—TF Ly AT
£ 5T, ﬁﬁmﬁgkﬁitb\ﬁﬁf%ibﬁZ»té:%:*&%bf:a it%ﬁﬁ@:f\“dﬂ—ﬂ*'p‘ba Cyclops 1T
L2408V Ly, 7= )9 ADEPNARELRIARETHEO—2TH S,

= #

1) aRF—FOEINCIZHMLIPBIILENRT S 2 004BAL bR D,

2) ESRERFFRELECEAL, |ECHETHY, HEESNT S,

3) /=FYoANIRE, aFLAL M5, TLTHRESNS DA, FEMO - R—FTRE{LL A&
EEETRT,

4) EERORXIBIENRE, KBETELTZ, BMMTIZ, 1HR1~28THY, HMihEIR2~4E
fCRikicin %, ,

5) /—7) U AOREKR—RCHARTH D4, FAREALTND, N~y F a4 FGERRERER
K. LU Longipedia DShERIFAETHY, HgMic 1 BOBRLMENS D, Thid, ey Fad
ZORTREM P RUCKETHE DL ELOND, REABKR IS /1 Fcihbhb, v h 7 RARHRLT
FHROGERMEWKELRT D5 b 5,

6) BHHERBCOWTHDL—RICHTETHDH, #7 /41 X TREAGENEL, #5 X ABXER
{TLT7 s AHYEYT TRAWUDOPES, ~FIiN 5y FUTCRERMDRMEI MBOL D HEKTH D,

7) IRF—FORGBOERMEY Ni=Noeb-o0t L L, Zhi b REMMELPEREELHETSCL
NTED, Fh, dN/dt 23 () b (=) »pRERO/ —7 VI ADBRTHETE S,

8) HADHEARHTHS 3R~ OABMMELRNET 270, REER, HHEFZEEYRFT 4
BENd D,

X ik

BJORNBERG, T.K.S., 1972: Developmental stages of some tropical and subtropical planktonic
marine copepods. Studies on the Fauna of Curacao and Other Caribbean Islands, 15(136).
DIETRICH, W., 1915: Die Metamorphose der freilebenden Siisswasser Copepoden. 1. Die



AEXF5 07 b ¥R B 205515 (1973)

Nauplien und das erste Copepodidstadium. Z. Wiss. Zool., 113(10), 253-323.

DUDLEY, P.L., 1966: Development and systematics of some Pacific marine symbiotic copepods.
Univ. of Washmgton Press, v+282pp. ‘

GROBBEN, C., 1881: Die Entwicklungsgeschichte von Cetochilus septentrionalis GOODSIR Arb.
Zool. Inst. Univ. Wien, 3, 1-40.

JER ¥, 1940: Harpacticoid Copepoda 2 fiD %KX U ZRE, KEZLSH, 8(1), 32-44,

JERE &, 1952: M ATEENEO 2 =7 U AKkBIT B9, WA RS, (1), 1-36,
HEEGAARD, P., 1947: Contribution to the phylogeny of the arthropods Copepoda. Spolia
Mus. Haun., 8, 236pp. 27pls. »
JoHNsON, M. W., 1948: The postembryonic development of the copepod Pseudodiaptomus eury-

halinus JOHNSON, and its phylogenetic significance. Trans. Amer, Micros. Soc., 67(4), 319-

- 330.

TRUEENS, 1962; SAEHME, (42 (Lernaea cyprinacea L.) @Eﬁ&ﬁﬁi?&ﬁ%ﬁ%%@
WA BT DS, Rk, (3), 103-196,

ﬁﬁﬁﬁﬁ 1960: Centropage abdominalis SATO D/ —7 ) 7 Afht:, HKE 26(9), 877-881.
P, 1968: BEHBOIBEMNICOWT, BABHEZEAEE, 24(1), 16-20.

‘Eﬁ')‘cﬁﬂ 1970: Tigriopus japonicus MOMI, 23\WH LIEDAEFE R DOWT, BRUEHEZSEE, 26(0),
11-21.

MALAQUIN, A., 1901: Le parasitisme évolutif des Monstrillides (Crustacés Copépodes). Arch
Zool. Exp., 9(3), 81-232.

MARSHALL, S. M. and A.P. ORR, 1955: The biology of a marine copepod. EDINBURGI—I,
OLIVER & BoYD, vii+188pp.

NICHLLS, A. G., 1963: The larvel stages of Longipedia coronata CLAUS, L. scotti G. O. SARS,
and L. minor T. & A. SCOTT, with a description of the male of L. scotti. Jour. Mar. Biol.
Ass. U. K., 20, 29-45.

OBRERG, M., 1906. Die Metamorphose der Plankton Copepoden der Kieler Bucht. Wiss. Mee-

resunters. Abt. Kiel., 9, 37-175.

SANDERS, H. L., 1963: Phylogeny and evolution of Crustacea. XIII Significance of the Cephalo-

carida. Museum of Comparative Zoology, Special Publication, 163-175.



