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Studies on the Marine Cladocerans—I.
A Biological Note on Penilia
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Department of Fisheries, Faculty of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama

(Text-figs. 1-6; Tables 1-4; Plate 1)

B I TS S DA FIKIRREE IO AR & UCEBERAN TS 545, BIETIR b - XS BIKERIC
SLTZOEE/ASTEHINTEY, BERICOLTRIBZEAEIZVAShTLRL, BERAKR
BRSOV EEOBM 75 ~ 7 b P ED A SFTUSELERBLARLITHEY, B
BUCIESBICHBELL, BIcX > TRENICHGEERZ S HASNIELLHY, KRITH 1T 5 A
LLTOhRYEEREHELDODOLEEZI SN,

mAKFERBIC DL TR E L XV EE L OMESFTEHLITET, Zh o4, AREIGHFHICAS
hT52S, WEMICEYT 3 EREhELTRERLE T, #HEEARKOD D B, 213 Evadne
nordmanni LOVEN TII7L 0 M AW ENMANLZ ShTWLEYD) 4, ZToftoBBic>»TE,
1D, Y, JEED LSBT AMEDN, FLEoLWRRSEVRVLLSTHS. FHIAR
BT, FSEKRTORMONE, B ST 3 FRNEHRED) BHICLLE>T0D

AR I B B A, IR AEW OICL, FPREmE LCORBAERZD B 72D MR IS
EEBCEAAME LTIHRELODH2bDTHS. 19664~ 19674 M A N k#ic BT, v 27
v 3 ¥ v, Penilia schmackeri RIcHARD*, [T DWTZ, ZEEHEB AR, HCABROEYFE
HRIRSE Lo C LA I TOE0TY, MW BRCTERLHIIIEYHATHELTS
EFMEN

MHREXURE

19664 ~ 19674 Text-fig. | iR Lc 2 EMICBOTHA 1 ~4 77 v 7 P o 2HHELE. St 11
TIN5 1T 3 B A% SO B S BRTT Al A 200m (i L, St. 2 (3 St. 1 Ofii#y 2km D& L5
H 5. Lo bildmsEcE L, KB TME6~8m, j#il0~12mTH 5.

S5 v b v OFEICII A 22.5cm, fHLE 80 cm OILERER F v b (MM XX 13) EHL, 5

* STEUERY) |3HERH 4 X fc Penilia |& 5 fE% P. avirostris Dana 1 FITH— L, AT OFA
BHOSRTOA LS THAEH, CCTRASTRICHA SN TLERELOM £& > THL.
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Text-fig. 1. Map showing the location of the stations.

m OEFERZE 1 ~30fii8o7. MBI 7 +v= ) V% 5% 102 K5Il UTIEE Ui, Biskkt
FHI@®% 50~100ml [Tt L, Thd S 2ml 5D 5~10[i] sub-sample %L 1), ZDhicAHS5h 3
M BIAG R U,

Penilia QFFREIRE L UTHE, Text-fig. 2A 103 Lz &k 51, BN L © 4 (Schalenstachel) Ay
ETOHME (o) Z& DHIMBEOBER ~ 1 702 —4%— (1 HEE 10.0p) THLE L7z, SHR0REL
TRk OB AT, BUTHIG X D BHFIE (Schwanzborsten) ik ToOMBE () 280, HohUbHA
Sh7c a—b MiBAK (Text-fig. 2B) iC & » T a ITRE Lz,

Mg L7clD S, BT THPOMSZLEIMEE DI UTIH L, HINsEd~r. F 745
HFtfk, b LMALE (X80) RADHE, BIOM, OFEICHES L.

BET7 V7 P YRERFICEERCBOTER, SmBick 3 3KiE, EHEZOBRMETI, R
WCEWIEEZNE Uz, BRI TlEBleer D omikic k - 12,

& ®
1. REKEHICERE
ARIOREIC BT 54 St. DK, HHER, BUEOHELEELHTRYTE Tablel OEHY T
b5,
I obhs LB, FKROBAMEEZRM LT, EMICHTBKED L83 RHTKEL,
2 Bic 8°Cii TIRIKMZR U, 8 H1id 30°C (LB Tliici#Ed 5. HERORMIZ 16.0~18.4% T
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Text-fig. 2. A: Method of measurement of Penilia.
B: Relation between the standard length () and the length ().

Table 1. Changes in water temperature, chlorinity and transparency at the two stations
during 1966-1967 (0 m and 5 m layers combined).

—— e = i

1966 | (1967 | | | | T' '
Nov. | Dec. | Jan. Feb. | Mar. ;| Apr. . May | June | July
o | ~ | !

|
{

Aug. | Sept.

o L o | |

; .
18.0 [12.5 !8.7 7.7 9.0 12.1 16,4 21.1 [21.0 |27.2 |24.8

W.T.(0) [ 9.0 ~12.6] ~0.0| ~8.7 ~10.3] ~14.3 ~20.1 ~23.9 ~26.3 ~29.4 ~25.1

Ol %) 17.69 [18.06 17.78 117.96 116.55 |16.18 [16.38 |15.96 117.33 17.5¢
o - ~nm~mmrm%umw~nw¢mm~MQ~m%~nw~mn

|

- ig3 85 44 B3 4l 25 26 25 &7 85
ransp. (m) | 48175 47 0.0 ~6.4 ~8.0 ~5.0 ~41 ~60 ~3.9 ~7.8 ~4.0

i S

HY, MWEIEE, # 6km <h 3 EHINM LD OBKDORADEESH>T, R M D3 K B
OIEFAES Lo, BUERAMImIc b s Lhibid, B3 ~6maiEmicsdy, 4H
BPdAE 4.6m LLHRLHTHS.

% St I MITLICIEHE LA i B 123 St BDFHD IR A ERD ST,

fEebRER L D S TR AMEERMEITIS 3K 7 OO sk B8, FTICHE Lick i)
KAKRTIE CDS5 B 3IES Mo HBLE AL, WERUMEO BEIC BT 1o JiE2 5 (Evadne
spinifera 35 & U Podon schmackeri) |34 5N TR,

2. Penilia Q=
AWTD~B Penilia schmackeri (3 HiilJk (Ctenopoda) ICIET BHE— DM TH 5. B> TS
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Y7 P EYOFTOREDROESBEDD—>TH SS9,

HEIYISER Y, 851 il SR TED L (PL 1, Figs. 1, 2), PL 1 Fig. 1 it o h 2O EEHNICH
57T EOINIBALFEIN (OCHOWAEI) TH5. ChitH UAHATEOREREET S EEL ONBMA
B (bW B %) L EEAS 5% PL 1, Fig. 2 iTRd. WA 1 @I 2@EEEDEENT
VLB, BBEFHINCHE UEBICAS BB, TERICGRINZ LS IKELRELE, £
DOHWIKERABICA SIS X572, VWb 3 HIIE (ephippium) ITI3@F h THLIILY,

HERYIRSHRER T, M UTHE | ik TEL (BAROEREBZS) T&, %
72 1 %t penes 442 Z LI EDHETESICHITE S (PL 1, Fig. 3),

3. FEMHER

Penilia DB BOEHiMZLIE Table 2 LA 5N 5BV THS.

Table 2. Seasonal variation in the abundance of P. schmackeri
expressed by the number of individuals per cubic meter

(1967).

Date Abundance
May 28 0
June 15 820

22 16, 430
30 15,490
July 4 24,490
13 780
Aug. 8 —
23 980
30 980
Sept. 9 0

Fbb 5 AT &L Hohp o 7ds, 6 ARMICED RRMBLIL, < O%EZ 800 fifk/m?
THote., UBSBICHALTT A EAE TIORKE 25000/m® L5 Bbd TR HEICE L. Lk
7 BHANCE - T 800/m® ETRUTHA L8 H bk 1,000/m® BES SN BH, 9 i3 HRES
higd ot

COEIMZI9644EIT B 1T B St. 2 1TEH: LBt (St. 2 O fi#9 6km) TZ ShhR) EMH LT
A5 L, HEARPELORVIEH 50, ZOMABIZIERAKTHS. MEEZRETLTELSLE, K
WD Penilia DHBUL S Apty~6 A LI UT Y, 6 A @hr 5 7 A LAICEESEEIGEL, Dk
BBIKRY LT, 9 AP EIhEd 3L 0A L), Thakiio Zp sahid, Hikl 18~
20°C fHETHBLL, 22~25°C R CTHIERRKRE LY, SR 28~30°C TIRIMHEEEAIER I
TFTL, BREIN<1E5013 25°CHETHS.

4 BRERERECICHI[EHEEK - FHEEEEEO LERE

&4 v 7k D 150~300 Rk ZMEIEAICHIH UTREERIE L, £0MRE Textfig. 3 KA HH
5LBDTHA.

REDAHHIZ 0.38~0.93 mm OFHICH > 7z, HHRPIKASHhIBHENE BEbhs ok E 33,
£ 0.38mm T&H > TP OB/MAKE—3T 5. EW¥FHR/NEE 0.49mm TH o 7.

55 phE 5 LI, HTHBENBOY v AricBo T, MMIoRfap s zh kb KoK



Penilia @ H: HE 273

June 15
(333)

June 22
(326)

Number of individuals (%)

0%

0.3 040506 0.708091.0
Standard length (mm)

Text-fig. 3. Frequency distribution of the standard length of P. schmackeri.
White column: females without eggs; hatched column: females
with parthenogenetic eggs; black column: females with a resting
egg; dotted column: males. Figures in parentheses represent the
number of individuals measured.

TG (BRAITODW S A bOMK) O2IHCKIITES XS THS. HAEMMAKIZE AT

MLBD SO TRD SN,
15 BAFIMED 5 b { & bEWEN/NEYU EOK X SOMKIKEB T TIFREREEEZ 5015

bOBHED AERTOL.
IR VT R ATl 35 & O PEARG AR O LR D i % Table 8 105 d

B A B (R EL O 3 TIC REE D25 % 2 T H D, RIBICZ DAL LT 7 A#1401269%
i LS, 2D LT 240% fife & 15 » 72, ZHUCH U TH TR AAD BRI £ b T

£, 1.3~10%fEMAICE E& » 7.

5 8 8%
AROHIIEIT O TIZ T TR Hk Less?, fTRTiRPED, POBMORIEZHMFIEE L
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Table 3. Females with parthenogenetic eggs and sexual individuals in population (1967).

Females with Sexual individuals
Date parthe:ogenctic Females with a Mal Total
g8s resting egg ales ota
% % % %
June 15 25.2 0 0 0
22 46.6 0 0 0
30 36.7 0.4 7.3 7.7
July 4 69.3 1.2 3.7 4.9
13 52.1 0.4 0.9 1.3
Aug. 8 47.6 1.2 1.2 2.4
23 39.2 0.7 0.7 1.4
30 42.7 3.3 6.7 10.0

Mean standard length
Females with parthenogenetic eggs: 0.74 mm.
Females with a resting egg: 0.83 mm.
Males: 0.62 mm.

O TR LD THINEOEB IS EAND T EMNTE L h o 1.

1 & 720 OFasi o RN L ER T & Text-fig. 4 DL I Tho>T, FLEOMBLEIN (6 AI5H)
I I~ 12 A OFEHICH D SEHT. AT H B3, 6 A22HITIE T4 4. 91D L, DB EkeoTRd
LTWE8ATMICIT I ~4M, F#2. 08 & IEHITIRDFE 15 - 72,

9 TIC Text-fig. 3 1T/R Lk ST, Fagp L 2D Pk RO #EBIZON TR /NEL LB X
ITHBHM, TOERBZXIOLHLHTENITH->T, DX BIHIBMO R DDA ED/NEILIT X > TD
HBIHREONED DIIEITH .

T THagig L ke L DBRES S EFE LOMBZERIBD SN B 55, ZOMOKEIIZEm5 7
DITTNTOY ¥ PO THRRBI O RIB O FER R OT-5adiiik £ L TH B & Table4 0 Xk 5
I8y, hEOKZLIZERAIEBEZ LT EBbr 5.

L LRBRICE Y ¥ P rofaditt ok L Fiaii & OB BN E{LEATH B & (Textfig.
5), MHEOMITIZ LTS EHRNBERES > T, A—EREXBO OO T LIl R oA E &b
WCELLBY LT BN HLSMICED oz, EBHMAIEIC LT, 1AZE b >Wiko s R
&1, LocHHEADY DAL TAEEIN2MELDLDRBAEL HSNEh o1

6. FHMHEREHHEMEBRLREEOME

St AT PAERRAN AR D IR B % BHE ORI L O it B TAH B & Textfig. 6 DEBHTH
5.

FTICRA X DT, FAERHEAEII6 H T UHTHELL, ZoicE g 3 EakiTxtd 3
IMBERIT, WAIMEAHEO. 4%, HE7.3%, 37.7%THY, FOBRVEODSHLTI~d%iREA SN,
BHENRERTO 8 A TANCIRENEN 3.3%, B8L156.7%, §[10.0% T#H -7 (Table 3 £7),

FTRbLAEARIE, BEAAMICK ZBEOMAMBEFHICGET 2HEMP S UE D, AT
BIRIAFICHEREMET LT T EBEH SN B,



Text-fig. 4. Variation in the number of eggs in each sample. White column:
parthenogenetic eggs; black column: resting eggs. Mean number
of eggs per brood is shown by figures. Those in parentheses in-
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dicate the number of individuals examined.

Table 4. Relationship between number of eggs and the standard length for all the samples.

Standard length

275

Number of eggs

Number examined
Range i Mean

1 — 3.0

1 o 2.0

1 —- 2.0
86 1I— 6 2.5
126 1— 8 3.5
253 1—10 4.5
213 1—10 4.1
98 _1—10 4.3
24 1—12 5.2
6 1— 9 6.7

3 1—11 6.0
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Text-fig. 5. Changes in the relationship between number of eggs and the
standard length.

o
g
~ L
22 S
< -
)
= "
]
o
— =
< 3 °
o o
=] o=
£ 5
- =3
5 1 Z
QL:) 1%}
£ 3
5] A o
Z 2
£
=
Z
- LT 1 1 Ny
0 f T ¥

e
June July Aug. Sept.

Text-fig. 6. Percentage of sexual individuals in relation to changes in popu-
lation density.
Black part: females with a resting egg; dotted part: males; open
circle: population density expressed by number of individuals per
mé,
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HBHHZE U T Penilia FHEMBHINTHNTE, BFCHERRBEITHRLTO L &S
NTENY, FKBUTHBG B Perilia TOHLTHRABBEC EMOZ B, FRZMBICEWLTIZIZA Ok
R#15°C) FTHERT S LI THBPY, FKBTRERIVENICRL BESH SRS, Co
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T &3, mABEERT COKBOWEREFIFHERED Penilia BHEICKH LTI Y FRBEKRESDHOD
EBING.

HHEFEDIEBE, EICHENS SN BIBEBHS ML o7, COBEA, BAKEIHKD
FYEEFE~DBATICHRIT LT, BAAFHIOFEiaiil—mS ThidBHoEEE—ETLTW»3
TEMbhs, Chid RkERABRICOLT—RIICAMSNTLEE 5 (FlZid Bere®) LFF4Y
5.

BOKPER BT, SHEICKETIERD ) bROBELOOE LT, HORE, KR, KIBEFE
HE, HEEBEELENSEIONTHLAEY, ChETDELSH, Peilia THFHEERD KTREBX
AR OB KICO 0T, BESAGEOBMICELTHLLIKE LB THLRRLM, PiilE
SETRAEWE LTORF—KEHBE—ZI 0 B1CH > TIAT T ORI T 5 HIM TR L
BLEZ SN,

e Penilia OAFE 2 4 7 1CB$ 3 Baki3Z Li>. Locuuean®) |3jk Woods Hole {38 8 Hod
Bi#LT TPenilia PEED 1 ~ 2 % SHET, WMAIE DM O LD Ddh oty EBxTLEH, Th
KB EC i o ABAMEDOEEEDEDELE LI LS.

ULd L, $CiitASPRA D MR, #kERE BILEFRELRL Sididae K833 Sida crystal-
lina') %, #2>{3 Daphniidae {Cj§3 3 Moina macrocopa'® 13 &) DEFNITH L TR A DITEDET
»35.

AKIRITE T B Penilia bK~%DEEHEMAIIOETHT DOEEZ oh, FLBRINILHA
T BZ S MR D TH A D LR INE DS, TOTIEERHERZINLTHLEL,

] 3

WS N I T B 2 AT BT, 1966~ 19674E 0 | AEMMEAE K D RE 4TI o 7o, HiBL
L1=58DS bw 2 h 7 P a, Penlia schmackeri RICHARD, [COWLTHETOBEETINL, KO
I ISRERER T .

1) Penilia ®MBIZ 6 Ghaicia U b, ZOHRAMITHM LT 7 BN 25, 000f##k/m®
WHEIC5E LTn., DIBASRICEY LTwE 9 Hikid A 5his{ 725 7z (Table 2),

2) REDAAIZ 0.38~0.93mm Cbz 353, ASILTK/ND 2 FHCb»rh, KBIBHIES LTl
AR L KD (Text-fig. 3),

3) Penilia DIKEZ BB S MEREP B SN LB X I TH B0, M1 RH7h ofadifid
WA OTHT. 5MH L DEEH OB E & DITEbD THFICHD T2 HAMBRED Sh, 8 ARICTIITE
2. 0fl & 13 - 7= (Taxt-fig. 4),

4) LHWBEEAET AEEO LD BEEZ, HBOBICT TIC25% %2R U, 7 AHAICHEE69%IC
L, DUSKEICIET LT40%RikIcE 508, &6 AKELY, THbbHERENEEIGETIHE
B HERIR & & &ICTHATIE OB b, Th SA AR AR O BRI O MR AT R
wciE L10% I R A 72 (Table 3, Text-fig. 6),

RPFIEATTIE 51T H 1z 0 RIGRY)IE TH A - 7oA FH P AP AREER, M ESBRIGEA TES O
HAEKT S, FANKEAREZ oW FIERIBERICE @l U ET 5.
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SUMMARY

The population of the marine cladocerans was followed up at the two stations in Bingo-Nada, the
Inland Sea of Japan, during the period from November 1966 through October 1967.

By the observations made on Penilia schmackeri RIcHARD, one of the five species of cladocerans oc-
curred, the following results were obtained:

1) Penilia first appeared in the middle of June; then a sharp increase in number was observed,
reaching the maximum value of about 25,000 individuals per cubic meter in early July. After that, the
numbers decreased rapidly to zero towards September.

2) Standard length varied within the range of 0.38 to 0.93 mm. There was a general tendency that
groups of two sizes seemed to be seen. The larger group was mainly composed of egg-bearing females.

3) The standard length of females with eggs seemed to become gradually smaller from the time of
its appearance to the later period, while the fertility as expressed in quantity of eggs or embryos per
brood was highest (7.5) at first, followed by a drastic decrease thereafter.

4) Females with summer eggs took up about 25% of the population in the middle of June just after
its first appearance. They attained their maximum (69%) in early July, then gradually decreased in
number to about 40%. Sexual individuals, namely females bearing a resting egg and males, occurred
already in late June, shortly before the highest population density, and continued to be seen until the
end of August when Penilia was going to disappear.

EXPLANATION OF PLATE 1

Penilia schmackeri RIcHARD
Fig. 1. Female with seven parthenogenetic eggs. Standard length: 0.60 mm.
Fig. 2. Female with a resting egg. Standard length: 0.85 mm.
Fig. 3. Male. Standard length: 0.67 mm.
r: rostrum; a: Ist antenna; p: penis.
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