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The Life Cycle of Marine Cladocerans

Takashi ONBE

Fisheries Laboratory, Faculty of Fisheries and Animal Husbandry
Hiroshima University, Fukuyama, Japan

Abstract

Marine cladocerans are represented by only 8 species belonging to 3 genera: Evadne, Podon
and Penilia. They often make up a predominant component of the coastal and estuarine zoo-
plankton in certain warm and temperate waters. In such warm temperate regions as Japan, there
is a marked seasonality in their planktonic occurrence, depending primarily on water temperature.

Each of these cladocerans owes its high reproductive potential to parthenogenesis, by which
an ‘‘explosive’” population increase is attained under optimum temperatures. Paedogenesis, a
special type of parthenogenesis, is known in the species of marine Polyphemoidea: Evadne and
Podon. The advanced embryos of these species which have developed parthenogenetically within
the brood pouch already bear their own eggs in their embryonic brood space. The developmental
stages- of the parthenogenetic eggs within the brood pouch have been described in Evadre
nordmanni, Evadne tergestina, Podon leuckarti and Penilia avirostris. In Penilia avirostris, the
developmental processes are divided into 12 stages based principally on the formation of append-
ages. A parthenogenetic female of Penilia avirostris is reported to have 6 broods within 36-40
days; the egg in the brood pouch requires 3-4 days to hatch. Another report says that only 30
hours are needed for the egg to complete development within the brood pouch in the same
species. In the Black Sea Penilia, it has been ascertained by laboratory experiments that there
are at least 8 instars, a female bearing her first brood after the 3rd molt. In Evadne nordmanni
and Evadne tergestina, the liberation of young parthenogenetic females is reported to occur
only in complete darkness between 10.30 p.m. and 04.30a.m. It has been assumed that the
newly liberated young (strictly speaking, paedogenetic miniature adults) of Evadne tergestina
liberate their own young within 48 hours in summer. .

The fertility of parthenogenetic females is considered to vary with environmental conditions,
especially with the amount and quality of food organisms. There has, however, been no experi-
mental evidence on these problems in marine cladocerans. In general, the fertility is highest in
the individuals at the incipient stage of population development. The positive correlationship
between the number of eggs or embryos per batch and the body length of parthenogenetic
females is known in Evadne nordmanni and Penilia avirostris, while in Podon polyphemoides
and Podon schmackeri no such correlation is found to exist between these two parameters.

The causes of the transition from pathenogenesis to sexual reproduction are still unknown
for marine cladocerans. Sexual individuals, i.e., the male and the female carrying resting eggs,
appear usually at the population maxima and the sexual reproduction becomes most intense when
the population is going to disappear from the local planktonic community. The percentage of
sexual individuals in a population varies greatly with seasons and localities within the same
species. Some examples recorded are as follows: Evadne nordmanni, 60 % (Clyde Sea), 70 %
(North Sea), 30 % (Inland Sea of Japan); Ewadne tergestina, 23 % (Inland Sea of Japan); Podon
leuckarti, 60-80 % (North Sea); Podon intermedius, 50-70 % (North Sea); Podon polyphemoides,
10 % (Chesapeake Bay), 20 % (Inland Sea of Japan); Penilia avirostris, ca. 15% (Black Sea),
50 % (Inland Sea of Japan). There is a tendency for resting eggs to be formed in larger indi-
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viduals. The resting egg formation has been described for Evadne nordmanni, Evadne tergestina,
Podon leuckarti, Podon intermedius and Penilia avirostris. Nine stages have been distinguished
in the process of resting egg formation of Penilia avirostris, in which the last 3 stages are the
real formation of the egg within the brood pouch.

The resting egg of marine cladocerans had long been assumed to sink in sea water after
release from the mother animal. However, it has only recently been recovered from bottom
sediment in truly marine waters. The distribution and abundance of the resting eggs have been
known in several localities of the central and south-western Japan. The maximum density
hitherto recorded for a single species is 14.3X10* eggs of Penilia avirostris/m*® of sea-bottom of
a station in Ise Bay. It has been made clear by the 2-year field survey in the Inland Sea of
Japan that the resting eggs of each species of marine cladocerans attain the maximum abundance
in sea-bottom sediment shortly before the species disappears from the local planktonic community,
followed by the considerable decrease to a minimum toward the period when the first planktonic
population re-appears in the next season. This fact leads us to surmise that a major portion of
the marine cladocerans in this warm temperate sea overwinters in the form of resting eggs in
the bottom sediment and the planktonic population will be renewed by the parthenogenetic
females to be hatched from these eggs in spring and early summer.

Recent information obtained on feeding habits of marine cladocerans has been briefly reviewed
together with their predators. It is hoped that much of the biological aspects in the life cycle
of marine cladocerans will be elucidated experimentally by future laboratory culture of these
animals.
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HENRARRAEROEELS SBARAOLNTWADATHE LN, ERRKEONECNELECEEL, 8
M7 b OBERBRERIBERLELESA DN D, bHRED L SEHRTE, 777 v OmR
CEERBHERD D, FhOBKEHT TER LT ORICEE O LBAE»WBIICE > TH b2 DREET
HB,

BABRREOEFERONTHEAATE EHEARME R DIRTI, Chidto 77 v 7+ vRBRERKT DB
EAZELVWEBETHS I, —BeBEABER I VI ELTHAL O b BEBNEECENT 5, 20X
7 CIBRRN B BEAEEHRO B OBVWEERENICE LS BDTH D,

BT 7 7 b BT 2 BERAROEERR, EECPHE/NIMEIN TR EELVRH B LEDN
5, ZOFERE L TRREDLDTIZILWT L, HROEMMI X b REEREMEN & SREICHET 5% Rk
T ERBNCE, REBBTONRE S, L LEREO0EMCZI S QEYFH, SEREFHHESIEICTER
AT RS L BIKin s e, BONHBRELRES THEIRUTREFRLEZD BN DhOMREEZBAL
BEKHEL W,

1. o8- 5%
BEGMDNTWAEERATIRROIBITETH D, D> bbBEREN DI Podon intermedius %%k <
TEHREZEINR TS (EF, 1937),
Class CRUSTACEA HEd
Subclass Branchiopoda fiff i) 5 4
Order Cladocera M H
‘Superfamily Sidoidea BROOKS + X #@H}*
Family Sididae (BAIRD) > &Ht
1. Penilia avirostris DANA T Ah 7 IV
Superfamily Polyphemoidea BROOKS #*# £ I ¥ aiBFf*
Family Podonidae MORDUKHAI-BOLTOVSKOI U I A4 £ 3 Vv af*
2. Podon leuckarti G. O. SARS #4944+ x3IVva
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Podon intermedius LILLJEBORG
Podon polyphemoides (LEUCKART) I 7 344 A3 Yva
Podon schmackeri POPPE 7 344+ A3V
Evadne nordmanni LOVEN /) F<vIRy3Ivva
Evadne spinifera P.E. MULLER A LR3I Vv o
8. Ewadne tergestina CLAUS 4 F v IR IV o C* R R

BAKED SV EIRIZA 7Y VY 3 VY aD 1 B Bosmina coregoni maritima (P. E. MULLER) 2382 E L
Tw? (PURASJOKI, 1958; ACKEFORS, 1969) BRI NIREOBERLIZWLALWEEbNS, UTrEEOH
B S A% F LD T (Podon schmackeri Zlr& DELLA CROCE (1974) i X %),
1. Penilia avirostris: B, BEBONE. RKEHRKIZF,
2. Podon leuckarti: 12 A Y 40°N Llb, 7~ b - Jbilg; EEED; TAVT Y Filg;, TA ATV F T
Y—v 7y F - JbERERE; /Y =~ H¥E - LY M F T KON TR, - v SET Y
TH; BAYE; B, T&UTHRL
3. Podon intermedius: JLRERD B h DR, /v M - b, /vy = — R EEE; T4 VT Y N
TANTG Y F—=TA4 A7 v FRIOKEE; EEKREEE; HHiE - 8, (REFER EX7 77 2mianbia
83 N7z, RAMIREZ & DE VREESE (1974)),
4. Podon polyphemoides: JLEER, F& LT 40°N LUb: »ov Mg - Jbilg; EEAEEE, 7105~ Fig, /
Wy 2 —KIR; JRPERPERE; B AEE,; Murhdg - BYE, mgER, 20°~40°S RM: HEAEE @77 VA, =
am V=5V F, B UTHER, '
5. Podon schmackeri: JtER: F# (PoppE, 1889), thELHEE LS (&)« B, 1966), HAWE (LF,
1937; /NASR, 1955) 7o & ORBHEAKIR, BREK: < &£ AHvibE (FRONTIER, 1973),
6. Evadne nordmanni: JEEER: 40°N LDUEOKEEEE; 7'V —> 35 v F, JbilE, 20 Mg, /v Y = —H%;
NUVVHE, BT, Ky THER; A - BB KEE JbEERERE 23°N—110°W), mEK: A
—A NS TEE - EWEAERE; E - AR (BRI 18°S—12°E), & L THER, JLAAEEFS
o
7. Ewvadne spinifera: 60°N~40°S BOHF - W& 4,
8. Ewvadne tergestina: 45°N~35°S (O RHEAR, BHERaE, B - wAE, JLiRELHE 52°~58°N
S
2. H M

BABRRREEESFHETBAR A AOBENIC AL BRI NES NN, IR Zoh THEERE 2117
VW, BROFRBERARET O CHBEKEO R E U TARIEH IS (JKE/ v Leptodora 1350 7 Hls+
ELTHFY Ty AGEE D), BALBEOBRIELICY » THAEHOZRLIMARE T 5, BEEEEER
C—7ICET A ALY A ABB DI, — WO A ACEE L EMABSTEREND, FHEAFEORRL &M
BROBLREZY, FLRT IV Py pOHEET O CES, —RICRY—~X 075 v 7+ EEBEORIER
REAII S L S B (A R)THEB 5 LEZ DR TN D,
(1) HALHHE

a. I MR ELLI NS VBEEOTHCAET 5, LOMAERERMRT, IEREIEFTTRbh
%, YKE®D Daphnoidea ICH3 2R T, —RRICIVRTTH L D W72 IF BHmAZ 43 4 H5 08 » TIBE LR
(tetrad formation) L, 2D 3 BRI HH 3BEOMESHREL TIE LD, 7D 3AIIWHY 5 EIFMIL (nurse
cell) & LTE D TITMISICIN B RNERIN L ONTKEIBEET 5, &D X 5 7t B £ 13 Penilia avirostris
(SUDLER, 1899) ®°#/KE Polyphemoidea (CLAUS, 1877) I&2oW T b T W54, Evadne < Podon 75
EL BT BRI ELRVL S THS, RBO L 5 ICEEARDOBRIZR I M AMANOHACRBERAO
BBLCOWTZ ORBAHEICED b d (CHENG, 1947; DELLA CROCE & BETTANIN, 1969; GIESKES,

No g
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1970),

TN TRV I A EBL, LEYVHIND LS L TBERERNICAS, Evadne X Podon D ¥2A4REIH
CRIPEFZELAERNDT, BREEELLSMINDIFERREYBRLUOORE - RET2LEZLBRLTWVWDS
(KUTTNER, 1911; RAMMNER, 1930; BAINBRIDGE, 1958), SUDLER (1899) I3 Penilia avirostris DB A4
598 3 Polyphemoidea @ L S WIIFHRICZ L WD TR Z ENRBZ HLEL TS, SFFEDE\ Daphnoidea
OWTIRIDOLS5T &1L, #lzi1E Davis (1968) 1& Daphnia magna O BEALRIBIREOEREN S &
DHLUTHEECRENETTLOT, TORKERNELDOEFHBIC I DD TRLNT L XHEILDTNWE,

Ay

R.mx
A2 Md
P
1 1T 11T\ v

<

VI VII VIII IX

Fig. 1. Stages in the development of the parthenogenetic egg of Penilia avirostris.
(after DELLA CROCE and BETTANIN, 1965)
A,: 1st antenna; As: 2nd antenna; Md: mandible; R. mx: maxillary region;
Mx;: 1st maxilla; Mxs: 2nd maxilla; P;-Ps: 1st-6th thoracic legs; Enp: endo-
podite; Esp: exopodite; Pabd: postabdomen; Crp: carapace.

b. FEZEH:: Figure 1 & Penilia avirostris OB REMO M ALFEINOFA K RBY R (DELLA CROCE &
BETTANIN, 1965), 12 23R4 C&, 1 HRPIABRBCcH D, B4, WHEOSELRTED, B11H
CRERAEDT X TOHILANTET T 5,

Polyphemoidea {2\ Tk Evadne nordmanni (KUTTNER, 1911; JORGENSEN, 1933; BAINBRIDGE, 1958;
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GIESKES, 1970; %R, 1974), E. tergestina (GRS, 1974), Podon leuckarti (GIESKES, 1970) /& &l T
A DOREBRBEIRINTND, T bOHABLIROFEI I\ CRER AN DO B4 ATERR (paedo-
genesis) DFEAETH D, Thld KUTTNER (1911) Lk &b T3 X 5ic, FENHEA CTHROMRICEREL
AOhBHRICK L, BEEEOERENICT CTICHAREANINBCELIRRFTH S, R, SEESBIMZ
h5E TR ERN OISR 2TV iREC £ THEL T 5,

c. AR MAAEISORMNBEETETLRMY - Bk - CELLEHT 5, RCEHOEPHOEE
R RT B &EZ ONDH, BEBCOVWTOERNBRIIZELTVWE S TS, —RICT'7 V7 by ~DHY
BAE OB 3\ TR Z W (EEB, 1968, 1974; DELLA CROCE & VENUGOPAL, 1973), /A AD
EOBERIT BRI I 248023 Evadne nordmanni (CHENG, 1947; E, 1974), Podon inter-
medius (CHENG, 1947), Penilia avirostris (8¥%3, 1968; DELLA CROCE & ANGELINO, 1968-1969) 7t & T
HBIT WAL, Podon polyphemoides (i, 1974) X Podon schmackeri (i, KFEF) TRIZDL S5k
{HAZEDEENL 5 Th B,

(2) HiE&sE

BALTEY DEEEEANOBITRER, TAbbEHEABORARE, oW TR ELEL S Do Thigh, H
KX, BEAMIAEREERC— 7 ETIEBMCT CRIZUE - TRY, The & dicfERogd s
BID, ZCBTIT VI b ynbBEATLUED, ERBBAEME D AEABA~OBTICETL T, BAKTEIO
FINEBBD LT B2 LB HEL T 23) BRTW5 (PAVLOVA, 1959a; & #5, 1968, 1974; DELLA
CROCE & VENUGOPAL, 1973), #KEBAN TERMCHE D bR TW5 L5, SHHOEL R, KB BF
MEE, BEEELEXBAERIPOEECEREL, TOREARECRS L, FHABIHERIND T &4,
WEBLOWTHWNZD L Bbhb,

FHEAEFERE (F AEWAIZ DDA R) @ﬁ]ﬁiﬁéﬁikﬁ?ﬁbbiﬂﬁ“h& 75 v b EEBEOERERCD -
LEEELONREETH D, & 2iE Evadne nordmanni Tt 60% (7 5 4 Fifi: BAINBRIDGE, 1958), #3
70 % (db¥E: GIESKES, 1971), 30 % (EFWYE: &M, 1974); E. tergestina THy 20 % (TR =B,
k3 %); Podon leuckarti, 60-80 % (dt¥#&: GIESKES, 1970); P. intermedius, 50-70 % (Jt#: GIESKES,
1970); P.lpolyphemoides, 10 % (F x % € — 7 #: BOSCH & TAYLOR, 1973), 20 % (MEFPIE: =I5, 1974);
Penilia avirostris, ¥J 15 % (B¥§: PAVLOVA, 1959a), 50 % (MEFN#E: =8, 1974), K EDOHEIET S
LAEHFINTEY, BRI DEBHSKREN, :

a. WAIER: MAIDOEREIRR Evadne nordmanni (KUTTNER, 1911; JORGENSEN, 1933; CHENG,
1947), E. tergestina (Z=Z8, K 3 FK), Podon leuckarti (GIESKES, 1970), P. intermedius (CHENG, 1947),
Penilia avirostris (DELLA CROCE & BETTANIN, 1969) 7t &l oW T b T\Ww5b, CHENG (1947) ic Xk %
& E.nordmanni T3 4 (HOIPKRID 5 BIPHAH L D EZ CE3RBDBORKELARDIZU D, IPHERCH
HIcMAIB L 72523, o 3 EOIBMIREBIRS K CHEET %, WAIRER 1 BORAERD 1[EIC 1 FELLE
RN, Thik, Podon leuckarti TR W THZINIE T HIC LD &, BRI EAOBRLCRED OIS
1520 4 BOIMED 53 HbO—HNBILT 57D ThH b E IR T\W5 (GIESKES, 1970), W TZ OIFRE
BRAZBRBEENERXEMRCELN TR, PNRELOTRTRET 2, WoREINBERGETDI L, B
FUEDOMERER I NS, P. avirostris O it A I8 @ BREEIZ I XS ENTW3S (DELLA CROCE &
BETTANIN, 1969), 2D 5H 1~6 HBRIWENTCORERBTHY, 7~9 PREENTOERBRTH 5,

b. TWAIOFE LB HEBOWAINORAE L ILARE, ERENTELN MR L, BB L 5 CBIE
ELANDBREINMEIEEDBVT, RETTIBCOVWTCREINTWEDATH D (Evadne tergestina
K X X Penilia avirostris: 35, 1974; Podon polyphemoides : ONBE et al., 1977), P. avirostris OTit AP
OFREZRE Figure 2 1WRT, & ORBIZIERIICITBEALTESS D4 (Figure 1) IKEHLTW5 L Bbh
% (Figure 2C-]), JBILEATCEWIMNERRICHIBRA A L (Figure 2L), W% e 5 3+ WABESEAK X -
TR, ZOBED DICZBR: BIMVENZT 2 (Figure 2M), O &% WEO R H & &0k
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Lo TETVAHERENIE LR 2 % (Figure 2N), TRAIBICBAIDMFE OBBENRS 2 ThbEcES T
20°C TH 100 B % 4 %, E. tergestina & Podon polyphemoides DTRASSRRIE ThH 5, TDIEREDH
DTCRENWC L, WEPENBRETHIT LR EOBBTHE LSRR LEOFMLY BT L IZREETH S, X
BRI ML OSME O FEE O ML B b B, IMLIZANIEO B & b RO B A B S SMEL L EF 3

s i
Fig. 2. Development and hatching of the resting egg of Penilia avirostris. (after ONBE, 1974)
A: resting egg, dorsal view; B: resting egg, side view; C: egg showing first sign of
embryonic development; D: formation of 2nd antenna; E: formation of lst antenna in
front of the 2nd; F: formation of mandibles and 1st-3rd thoracic legs; G, H: formation
of 4th and 5th legs, respectively; I: formation of all 6 pairs of thoracic legs completed,
postabdomen becomes slightly bifurcated and the eye seen; J: eye pigmented, and almost
all the morphogenesis completed; K: embryo turns sideways, which is the characteristic
posture before hatching; L: dehiscent line becomes visible along the equator of outer
membrane; M: rupture of outer membrane and swelling of inner membrane; N: embryo
just before hatching, enveloped by much swelled inner membrane.
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BTRT B,

JEEZROHRIFN S A ATHD, TLERCEZEOHEHELREL TS HIZHRALFEOY R LES
L B b, BRERONAESBRAFIZBEEINTWIR WA, Podon polyphemoides TRTHAII A bIRILK, &
2 EDI2GHRRE L 2 REO BRI BAATRINOEAELZD b (ONBE et al., 1977),

WEER AR ASE O RLIRIE LW AKIR & (BIES ST TR E 5, Penilia avirostris Tl 17°~20°C THMLE
MEL, 1.3%0 S O{EES THIMbd 2 Bk D - 7z (&BF, 1974), Podon polyphemoides 12 5°CDIEIR T & 5
bt 5 (FW - Hi, RFEE) B, 13°~20°C TWILRIEFL, #KhTOBL ED LN TS (ONBE et al.,
1977 THBHOBREBEFNFHOBOEREBIRFEEZRIRL TWE EEZ DD,

[

40

f
“or I i STAGE 4
L STAGE 4 20}
20f [
: 0- S 1 - ded 20
o r—— L J20.00p100 STAGE 3
80[ l STAGE 3 l< P . - IS EU I EFEET T N
t FFEN EFET ErAT e M PN {30
60r STAGE 2 [ STAGE 2

Evadne

i tergestina

s
[ Evadne
- nordmanni

FREQUENCY (%)

160

Jao L L - — " " " " 11 Jag

20 420 20

STAGE |

o 4|L“|.4..|1.||.L0 ’,,., L PRI R
15 18 21 (o} 3 6 9 12 9 12 15 18 21 0 3 6 9 12

APR. 26 1967 APR. 27 AUG. 10 1972 AUG. 11

Fig. 3. Diel changes in the percentage abundance of the parthenogenetic females carrying

embryos of different developmental stages in Evadne nordmanni (April, 1967) and E. tergestina
(August, 1972). (after ONBE, 1974, modified; ONBE, in press)
Stage 1: the new-born primiparous female with blastulae, and the newly molted multiparous
female with blastulae after release of young; Stage 2: the female with early, developing
embryos in brood pouch; Stage 3: the female with those advanced embryos in which
appendages and the eye completed; Stage 4: the female just before release of young.

3. R R

PAVLOVA (1959a) 13 BY¥ERED Penilia avirostris *ZWNTHEL, HALM A ARBEFEDR L S 3%
EL, BI3IMEORRBRUDTHARTE L 2B T W5, BEMPOREXIZ 3EH % TIRH6ERTTH 525,
FOBREL KDL 5 & 48 BITH - 7o, WICKSTEAD (1963) R bDHREZEEL LT, i
3~4HTHMLL, ERZHRIZ2~3BDO I bicEid+ o EL D LHFEL, Tl EBD A Ak 36~40 BORM
I 6 [A#i3 % & &% o, ¥7 DELLA CROCE & BETTANIN (1967) 1348 DK R BB D R T e D HERS
NHAHT, BELOBIFEMCHHINS TR IOKEMNEET B DA TH S LHEEL TV 5,

Polyphemoidea & i 12 ERFABT N LDnLL, TOREAEBRNCHL L LR ERLEVWE 5 TEHS,
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Evadne nordmanni & E. tergestina Tl Figure 3 (ONBE, in press) IC;RINB L HIC, BALEA ADE
B ORFADRBHZE/LN D, BRI X 2hoEMZERORERE (RE~KRHETI) KR, Tkstdz k
BB, E. tergestina TREH 26°C OAETIE, KRB Incdhh, BEECRBELECL DT T
HEDOWRE D\ bw5 “miniature adult”, 12475 < & A8 LNICIRI DS hZEHRT 5 D EHEEI N
TWb (GBS, 1974), Evadne *° Podon ZREDEEHEENHTIZN DhD®— F3@D bh, ERERKIC
L BB B AR O TR L ThiCHlsT 2R L BREEI N B, KFEEK), e 2E E. tergestina
TIL 7 843, P. polyphemoides ~Tid 6 343, b DN, T SHDEDYTRSEHATC L ERNCHES
A E R B,
. £ &
(1) & # «

a. ZiNNT: BERARER R To HAWCHEELFHERZBD b S, BChblERFEKEO L 5 Ch
I > CRESHAZEMOCHAEL S ZFT 2B TS TH D, WMFPRLHlicL 2L, BE
BEECHIT A28, HEERNREECEE Th s, Evadne nordmanni % Podon leuckarti 13EWEHEET 2, 3

8 10 12 14 16 18 20 22 24 28 28 30
1967 e —0 O= {
Penilia avirostris 1970 O—
1971 ! — |,
L ~ A
1975 O Y.\
L ]
' - O | 1 1967 g odne nordmonni
. P - , 1970
. } i 197
} O { 1975
1967 } ]
Evadne rergesting 1970 = — |
1971 = O J
1975 | O~
} , O - 1967
) } O | 1970 Podon leuckarti
= O - { 1971
| —O - 1975
Podon : - O { 1967
~
polyphemoides Lk —O- - { 1970
b — t 197
1974 ) —O- { 1975
P S ST R S S S S S W
8 10 12 14 16 18 20 22 24 26 28 30

WATER TEMPERATURE (°C)

Fig. 4. Temperature characteristics of the five species of marine cladocerans in the Inland Sea
of Japan. (after ONBE, in press)
Horizontal bar: range of water temperature during the occurrence of each species; circle:
water temperature at the population maximum; triangle: water temperature at the second
population maximum.

H»b 6 AEE THIRT 503, BRI ZOEEREWENE 100~2,000 fik/m® BETH S, hicst
U Ewvadne tergestina % Penilia avirostris 13&iR0 5 AaILERDI, T~8AcE—JKKiEL, 115
FCLDODNAEBAEOETH D, TOEERESET HE/m® W ET5IE403E 4% %, Podon polyphemoides
RN SMEDOHEOMHCIHET 525, ZhdrREEEISbID,

FRONFRHRCOX ST LTARRL - CHRHES T 5L 5 TH D, BRABCED 28EOHR L
KEBEOREFEA Figure 4 (ONBE,.in press) ¥ &HTRLTHEL,

BWRERWEE TR 5 v 7 b BEEO HRAKMCEEATER S D, HRERO MR E LY RT. F=VE—7
D Podon polyphemoides 137, K 2EIMMUAHAES 2[HES & LA TS (BoSCH & TAYLOR,
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1973a), £ (1974) BF I BV TS EBRET ONEO MR D13 » 11 ~12 B BHBET S & L8
U TRES N GEE, KRR ORI SHAINERSEIZE I N2 TARBEIC L - TiE, Wb 2
EEOEBEXUBEEDH D LD T,

TV 2B YT I LA RKIRTIE Penilia avirosiris 23BEMBRT 5 (CASANOVA, 1969) 25, EAHFD 1
Vb= F7AKME (RAJAGOPAL, 1962) (RIU L SICHAAEDAIC K » TREFSHEFISI WD EEL
BITWS, TOX 5 AEN CREBESEBEBILEL TWTC P. avirostris O BICIFRE R &4k L T
WAL EEDNBL, FHEEESELEI > T NHE S nRSBEERT 2LERD D, bRABICET 7
UV T75AN ) THEBERAES DNEN, BAAHE & & ICEEEROEALSED bR Tn5 (DELLA
CROCE & ANGELINO, 1968-1969),

b, EEA - AERERE): BEEARR—BRCERET S V7 by LI TW5, 1,000~2,000m OF
B bFEINLTFOADNE, ARABEBEICOWTIE Penilia avirostris TR ONIERIZIFEI X TH
D, BEREEERRED SRR X 5 Th S (DELLA CROCE & VENUGOPAL, 1973), Polyphemoidea Tl fhd
T v RREEO—RNREERRD, KMRATECEBEHL, Bl EBRiZET 5 L25 Evadne sp.
(KIKUCHI, 1930), E. nordmanni (YAMAZI, 1957; LEE, 1974), E. tergestina (&I, 1974), Podon poly-
phemoides (BOsCH & TAYLOR, 1973b; #HEB, 1974) K OWTHEINRTW 3,

(2) WMASOANHL ZOFEHER

ASNE # ADBKEEIZ LN DO BBIECIEIr L E 2 b T&% (CAROLI, 1924; LOCHHEAD, 1954; BAIN-
BRIDGE, 1958; WICKSTEAD, 1963) 7%, EBICHEEC KT 5 X OMESKREINLORBEEDZ & THD*, B
ED LT AH 4K, Penilia avirostris (ONBE, 1972), Evadne tergestina, (%, 1973), Podon polyphemoides
(ONBE et al., 1977), Evadne nordmanni (G35, RIEE), OIWNEENLHRE - HEINTWD, AFHO-.
=OABICE T BENLDONFHEY F LT Table 1 ViiRkT, WIhOBFIKEWTS P. avirostris DIFR S
S BB, BFEBO—EA TRABONS 14.3 7 @/m® OWETLRIN, AHRBERCL D T LEHC
Y ORBIERBY, CHRZOEFOBARONABPLEEELFEREOHAHEDOEZLEREL TW5 &b
ha,

BEOHASOAHERFAEOZHNERCEELARNERYLD, 77 V7 bV AkOESE & FEcH
BLTEHT 20 LHEEEIND, MFABRREO 1 E4T2EMcblc-, TR b OEBLYEIFL TR,
WA AERBECEEL, YOHESRZEBDTT VI + VAGSHELRUD 3 S - & b0k L,
TSI YRBHEZBRICS 5 & EWHAIRTEEL L4 Bic @i L T3S bk (ONBE, in press), MiAIS
DOHTFEEDOEHEHD 4 — %, R—FHcfiZvbhves 5 /7 4 FEEHLE 6 MO IPIic O\ T OO REM
B (KASAHARA et al., 1975) 2 &bDTILUTWB, TOLAREEND, 777 b v EEEHOE— Ik
DR 2 CEEX R, BECERINALRAIL, 2 CRAVEROEEYS T TRAELO>OBLL, Ry —
RvD75 VI b EREO TERREEOTHAI L LML 2hBiIc L » THRBEIND LW IRRABEETE S
LEbNB,

(3) &8

Polyphemoidea #EIZ/NEMg Lz CIMBT 5O EL M % b 2 i & & (predator) TH 5, Evadne
nordmanni CREHDE 2, B IMORNEROMICTE £ D/INEY (Peridinium spp. < Caratium furca 7%
EOWMT 5 v 7 b v, Tintinnopsis spp., BHEOW « +v XV v AL Q87 7 v 7 + V) Bz bh,
HBHWROEL OO L DT bR TWE OREZ Ik (BAINBRIDGE, 1958), Podon polyphemoides I
BWTEH, BHERPZOF YT IR, BISDULPEEROHE, R EXTEL TV 5OREHESh (BoscH
& TAYLOR, 1970), P. intermedius THODELONLEBHEF Y Y v AL BN 2+ F VEOBRBRH X
T3 (GIESKES, 1970), LEBOUR (1922) 13 Evadne DG P4 b E TR Phaeocystis Difa & T

* EAKED N N, T 4 VT Y FIBICEBWT Bosmina coregoni maritima & WIKEE Daphnia DI & & 3
1T, Podon & Evadne DSIFREI NG H % (PURASIOKI, 1945),
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FREHLES, BEChOOBERELDHEBINEYTRETH T ERER CEE ¢ 5%, Thid Poly-
phemoidea BRI L KEAHORFELBRNE DL LB EEZ DN T W %5 (MORDUKHAI-BOLTOVSKOI,
1965), # 7z RAMMNER (1930) SR LIcX DI INOREHT 514 4 AR dEBEBAETHILIE5D0n b
7\, BAINBRIDGE (1958) & E. nordmanni OFEEEITERICOHEDONBZZ LEHELMLCL, Thb
RAEWERPHET L L0050, HEEHRALWERTREIC L - THRENICHEZ ONDEDTESS LE Lk,

TABLE 1. DISTRIBUTION OF THE RESTING EGGS OF MARINE CLADOCERANS IN THE INLAND
SEA OF JAPAN, TACHIBANA BAY, ISE BAY AND URAGAMI INLET (Number X 10%/m?)

Location and Date Station azzz)ii";zsltz;s &/f;j %Z:;on nofjriiﬁii tef,;ei?:zea polyit;zizloides
1 68.8 9.1 — — —
2 104.7 12.1 — — —
1. Bingo- and Hiuchi 3 35.3 2.2 — — —
Nada, Inland Sea 4 122.4 15.3 — — —
of Japan 5 109.1 10.3 — — —
Sept. 16, 19, 1971 6 - 65.0 48.8 — — —
7 51.8 15.3 — — —
8 87.3 19.1 — — —
9 65.8 25.1 — — —
1 0.0 0.8 — — —
2 0.0 2.3 . — —
3 1.1 3.0 — — —
4 1.1 2.7 — — —
2. Tachibana Bay, 5 1.1 5.7 — — —
Tokushima Pref. 6 6.4 4.2 —_ . — —
Mar. 16, 1972 7 3.0 3.0 — — —
8 0.4 2.3 — — —
9 1.1 3.4 — — —
10 0.8 1.5 — — —
11 0.8 1.5 — — —
3. Bisan-Seto, 1 6.7 — 1.9 0.8 1.3
Inland Sea of 4 0.8 — 0.0 0.4 0.8
Japan 5 2.4 — 0.6 0.6 1.3
Mar. 24-27, 1975 12 15.6 — 5.2 3.6 2.4
1 9.2 — 0.2 1.2 3.1
4. 1Ise Bay 2 23.5 — 2.9 4.7 35.4
Sept. 8, 1975 11 74.4 — 11.1 14.7 20.7
13 142.6 — 11.1 18.8 65.0
1 16.3 — 0.0 0.5 0.0
5. Uragami Inlet, 2 9.9 — 0.0 0.4 0.0
Wakayama Pref. 3 21.7 — 0.0 0.4 0.0
Dec. 11, 1976 4 40.4 — 0.0 0.4 0.5
5 67.0 — 0.4 0.6 0.7

Source: 1 and 2 (ONBE, 1974); 3, 4 and 5 (ONBE, unpublished).

—7, Penilia avirostris 2\ Ti3 LOCHHEAD (1936) 257 QB> M I, ARIIFPREN K X
DEFEBSES pm LT (2~5 pm) DKRE SO FEIENT 250 LHEEL /o, PAVLOVA (1959b) 135
ADERY L BWTCAROEEC OWTERZITAV, B 8um UTORFRE bRADEEE L, A%
DT 2 BIEIRIE L A LKL, FREMR T, L2 3EAT ANK, TOREINBYTHEERINS,
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BEATEAERT 5 ICET SFRRNTORIIICL D E DR, FH 10~25 HThH-Te, FRBLLTE
Z I RO B EE 0 b HIEI WieiFKRIZ, KE 25°~27°C T2 A1 BH7%D 4.3mi/h THO,
FRMEEE D EFAHEAME T Lz, 1 B1E4) OFKEIR 105~107ml TH D, FARDOBEREZIHALNLT
s to, ABOXARMERHD 1 HOFEMH ) X 4% DELLA CROCE & GAINO (1968-1969) A3FF- T 528,
B~ BRI B EE RS S RE~FCBBEOEORERAONBHE, 20X 57 ) XLRPEBETHRWFE L
RED DN, KBCRNTHHEAR,L CHOBMELYMD C L IZRNETH 54, RIEBE Penilia OFRIZER
WE®, ~NIFVT, FPIAARTHAILELLN TS (PAVLOVA, 1959b),

(4) HHEE -FESE

WER AR HADTFELER L5 T LBZROWEEZC L > TREIR T2 (Hl21d LEBOUR, 1919,
1920, 1922; MARSHALL et al., 1937; WICKSTEAD, 1963; %% « BE[, 1965; BRAIKO, 1965; SELVAKUMAR,
1970), ¥k v L vl FokE (Aglantha spp.) WX » C Evadne nordmanni % Podon intermedius
BEAEINS Z & (GIESKES, 1970) %, Y 29 F 2 9K X » T Penilia avirostris (ENOMOTO, 1956), Evadne
sp. (ENOMOTO, 1956; HATTORI, 1962), Evadne nordmanni, Podon polyphemoides (i R¥f, RER)IPEAE
BT 5T ENEEINT, ZELEZINSKAYA (1966) 12 BHEILTEED P. avirostris 254 D 1, Hypochy-
trium peniliae (ARTEMCHUK & ZELEZINSKAYA, 1969) DAL X h KEWHE Lz L2 HME LI, ThiZ
HARORERBIERNLE UL TCEEINS,

(5) 29 &

T TR X D EER AR, REFBRONE - RBRETEmT S v/ v OBEBLERD, 205
FOYEEROBB TERERBEHELRL TWEHLEZ DNIEANRLED LN TN B,

F o B E—7ETIE 5 B Podon polyphemoides 3R[EDEMT 5 v 7 + v OHKED 80% L E (F&
94 9%) % 5B T LAGFRHEINT WS (BOSCH & TAYLOR, 1968), ¥ MR PVET S 6 A Penilia avirostris
BB LTEYS S v 7 b AR - & 68, 2875 v v EYR(EEER) 170 mg/m® O
20% MUErETS & W > (3LH, 1971), B TCREMHOEM T 5 v 7 b D5 % P. avirostris HMEMEET
21%, EMBT T0% 5D LEMBH D EVbh b (PAVLOVA, 1967),

& ¥ U

D B ERAROEEYD 5 MELRTE s, BO5NZMRADE 382 BEMHoBizmd &5
bDTH- T, AELOLEI L L DA BCRELEDDTRANTH B, RECHT BB 5~ 0 b v O
BEIROHERIC LY, BT Penilia avirostris DENEHERA LN T& 7 (ZILLIOUX & LACKIE, 1970;
HHE - KB, 1976; KFR, AAME), SRBENABOEMEN ST A — 4% HET 2 HBRITRAERT 5 2 Lo
BMLBEND, TOT R, RAMGEOBBCEET 5EER, BEE RE, BHE, SHARTY, 257
3252 THRETH2EY TS, SHE?DRIAMBC N TER IR TEERERL U COBER AR
DRBERZYTRI D52 THOEBNCEETHS 5,
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