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s K JRYFEEE . [E b E= 4D
TMERIMNGIRF

(h ER 2B TR

K & (Calanus ) N BB TR R A h ot B, RBEE £ . 56, FREMK
WA ERH REBEFEEWEET N, BHEDXME R R BRI E,

&R, BADZEERRENMRESES EMTRE T, &3R4 CBEKE
[Calanus finmarchicus (Gunn.)] ROBFRE R NEER (Marshall & Orr 1955), XESHIZE Ry
I _Rei AT se i PSR AEER X,

EREBEFFREYZEF, B HRTERR I B MRS Z TR R
Ko BRI AE (Calanus sinicus Brodsky) RISETE bk I BR TR K 8915 (0 45 R
REEAT R RIS , M2 0 X Fh B R MR A A 22T S A T iR

—. ¥ 5 H

A RARIERGE JUEREREHEEFAE RN B, BEREREHEQH) . Ik
FiE uh) FHEG ), RKEHEE(30°N LUE 4 55, 30°N LIEF 4 55) B vssnvs (8 7k 3
o5 VBT 33, RETRZEMABESEM (D& 80 JEx, KB 270 HX R H 15 /EH)
mep B (Fe/5r Judy B, b PEROBER 50,72 B4, KB 270 Bk, WH 35 4A/FE
K)o PRARERAEXR A EAHITHEIROTEH L ELN, 2TRIEES % HERE
PR,

TEAHIIE G4 B 2k A 38 B AE SR 36 | BT LB, MM AT SR BE sl /3, SHE KT
HIRE 4, ORI ARBIME | HE RS T MR , RHELFLIE B AO 1Sk, DA B L B2 Ak ik 7 R A g
SR AE A R TP 2L K T BT 4AIE

ESHAERIELEREERPHE IV R EYRERREE, YRR ARE, #i
SRR B EMastE K, EhRIsRE RPN, T EE I P ks, 21
AT AR dh 542 1, B e | ER AR PR A #3052 15,000 NAEA,

= RFh AR

YRR , W B T REE A TR E A —Fh (BRIILIR, — L3 Xt a2 r
RIEA—B, AL MR RELAYIE T, BL7E 1888 4E, Giesbrecht B RH I B A BT K

* OREREE N BT R TIZRIR T 8 268 5 ARG T 1962 45 11 f e/ M2 EEYS & B M3 4
BERABRRACWERFN RS TR, 2 ERHHEE L,
AZCRAE R E PR RIRIES, BN R EH AR ES M AD TE, 5 1 RRE Dt
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#; Sproston (1949) Fo3 JHHTAT LKA CEE/KZEMNSH; Ekman (1953) #2id7K
BEKESHBhEE, TH4&%% Mori (1937), Chiba (1952), Enomoto (1963) %5,
AlG 3 RIET/KETANEFZE/KE [Calanus helgolandicus (Claus)], HEEZE]H
SEHANERCGRE ) % M 22 B /KR AYFL R, SEBR X SE F AT Hs AR & ml—1
Tho 1948 4¢, Bponckuit JXFhE/KEE B AKPEL/KE (Calanus pacificus Brodsky)
Prih, FIEH CAEES LS CEE/KEMETZTKENK S, B, dEEEH/KEY
P AMEFEEUN, UG, RESEEZEE LB TAFEEKEXMAE, WEE
TEFE I E MY BRI X 7558, Bponcknit T 1959 IS H AT HE /K EZ MK A,
Calunus pacificus var. japonicus Brodsky, C. pacificus var. oceanicus Brodsky FNZ-TRTETH
B SREKIRE €. pacificus Brodsky var. GREIHBEFRI ) 1962 42,4845 C. pacificus var.
oceanicus Brodsky 38 C. pacificus oceanicus Brodsky, Y& Calanus pacificus var. japonicus
Brodsky @&l C. pacificus pacificus Brodsky, ¥ THEEMEESAAREE KEXITH
Calanus pacificus californicus Brodsky, B RZEEEE /K EFh A ILEIE =/ [ AR F,
RN, s TN I I BRI R BB KBS RS BT B ——Calanus sinicus Brodsky,
Fos X FT SRPEL /KR 2 B A PSR BIFE, 1963 44,2 L FRIEX B E
BT R BARA P ERTE &S 8, U B A R A E /KR, AN it s 55
e B AW ATHEEKEEREER, TRREREERK AP EAKEENZEMH(EAT
BEER LA L), EERREENAOERKELBTAPFEE/RETMNE T, 8
F AT eaFhe HL, EE X RER KRR EARARE T ST HUTHR,

rh BB S K B ET S AU MEME: RIS 2.5—3.5 Bk, BHEBRTIMSE H ; R
4 Jo B0 F AR T () 5 A7 PESCHRBA S, MREEER AN 140—178°; B 1 Al 5 B R
KBRS R 20 B R CA M 1 AR 3—4 N ERYINRE, 5 2 TR, X
NI & 5 XHURSS 1 ZEE A RMRER K 14—30 Az, REAdh AL T s 1/3—2/5
Wb, HEME. RIS 2.4—3.5 K K ERRYTE R SHEREARILL, (HAE ST 5 @ P K e/ 2E

A, WAL R 5 5 R R 1

R R 11—27 M, B A '
JE P RO AR 8 1 AR 2K j
SRS 12 oK, EHEIS BN —
2.3:1—4.2:1, 2.8:1—5.1:1,

fEF i 7 REEX M /KE
5 BpOCKPlﬁlm’u’m FrRa B Calanus

pacificus Brodsky Rl Calanus sinicus

Brodsky ROEEBA(E 1), #ERR m1 kFamkES haEk&amK(R{E Bpoackal, 1962)
PARELEEAEKELBTM—  Fis L Geographical distribution of Calanus sinicus and
i LTI BIRIEOTER, 1. s s 2. - pociions pavtions 3. €. 1.
PR A% %) 5 Calanus oceanicus; 4. C. p. californicus.

sinicus Brodsky BOTEZSIBEF, EM Calanus pacificus Brodsky AN BEHZER, T
G, Tk BB (Calanus ) TEE /K F B (Calanoida) v I8 RAAIIE R, (M gk, T B A2 FBY




6 &

i

274

‘re[nBuewnn ‘dieys gz
1TIstp 3yl Sutyoeas 10N 97
f1o10ys > ‘SBuipaddxy °q ‘jenby ‘e 47
21jIdRg  ‘SIdlea  puels] [LNY-3IJ "0Z

‘SI9JEM [EISEO)) Q]

feag

'Ol wnog

(ruswosnsooue 2301430y 21ps1put sassyuaind ui sizqunp)
PATY SIPPTIN g€ fsyijlg om {Esiq “ze

fpapunol L[peoig ‘¢z
feag uvedef UIAISIM-YINOS puUE UI[EYNES UIIYINOS "G
feag eULY) IsEY CGY

tpagy easiT C1g

fpaonpoig 7z

f[3qjeied ssaf 10 3rowr sa8pa ‘S8uoT -p¢
11 puodaq L1yBifs Burpusyxs Jo juawFos aipodoxa Is[ jo Udrew [esIp Yy SUIYIEII JON /7

<

fJuo] ‘dreys ‘gz

fauawdss a1rpodoxa sy Jo wmiSrewt
21 puof3q Surpumxs LpySr[s Jo FUIYOEIs JOU $ISEI MI¥ E UL puE WSS 911podoxa Is] A Jo UISIBW TeISIp Y1 FUtydeay °¢7
11 JO y1I0U SI3)Bsm PUE EIUIOJI[E]) JO SIdNEM [EISEO]) [T
fEUIYD) ‘SIdEM [BISEC) Q]
feuty) ‘eIg MO[[PX UIIYINOG “§T

fueanQ)

fBISY ‘SIDlEm [BISEOQ) A\
‘BUTD ‘RIS MOJ[IX UINPION ‘IBYOJ JO NG €]

$0O “Hop ag91 ‘aatpodoxa jo syudwfas puz  pue 3s[ Jo ISud[ o yipealq jo wontodoig -zl fE ‘urdrew osrerras ISUUL paAInd {IIM 300} Yig Jo Iudwdas

Uu—._ucamwﬂ.u_ uw— wc ﬂOa.ukOnH .ﬂ—”
‘3003 Yag 1331 ‘ompodopud jo \Jud ‘g
‘2 f8 ‘praysiog ‘9

f(wur) sypBudp Lpog g

fsoamiesy [ediSojoydiolw

5 9003 qig uowdas ajrpodiseq Is] Jo yievy [eurdieul Iouur jo adeys ‘Qf

fuonnquisip [edsryderiloag ¢

isioqiny ‘7

£0 -1uswBas Jnrpodoxa sy Ytm paredwod
£5 007 yig ‘ontpodiseq jo juswBas 5] Jo [1ad1 Jo toN ‘g fd QuowSas [eauag jo 3[8ue [edayrewradg
fsa1adsqns s11 pue sopdadg 1

e Grral | 0T | et wey ] el e e
. . P T—h 7T $I1—6"2:1 pi1—0'E2 "G 87 ] —
- sTet SV T (et Gd) | 6ot Gsk) | (U6 Grsk) | (et Brek) | SR CSM
gelmsel eIl | 6 e—bml | 0pi—eml | zihtisgn | W ACHRCERRR o1
— Mo oceg | I dhocge [o/TEX e e/ THRE (1 ¥ M g Z o o-1g e | {3 €/1 8 1 [(CRHEERBEEN
| Dbk oy HE= . . N Py —— . Y AEGR 38 I 1L
TR B | BTN s s T | LT D %7 WE D | %60 Hy 2 _
RS s EEEE T R AR T
— . B g, e 0, . .
%mﬁ.«wwﬁm s &%KW -pz | %0 8L v %L6 w«#.x %9° L6 wﬁm.HN YAMNESEHRE 6
(1e) [(33) Cz—zz) | (oe—en) (61) (1z—61) (0D 1617 [€59) Yl b e —
Sh—¥2 1£—61 s£—81 7z—81 62—r1 62—+l 8Z—b1 0£—b1 0s—¥1 EAMNTERW g
_ _ _ _ _ - — _ — 5
STET—CTT | ,SST—S0T | .ss1—18 «SBT—TH1 W9LT—0FT oSLT—0p1 oSLT—Eb1 o8L1—7#1 WS LT
— B W cc| MW <cc| W z| Wi ¥ M - # M -z # Moz W % LA AR
G tsEd W s o (9 tEs)| 97 Esk) (LL7T Brdo) (18°7 Grsk) (88°C Grskr) ]
ez | g9 | ST | o 0tz £e—b'z S bz LG
|GG | OL TG | [OLTErE) | (8LT Bisk) G8°7 Grdo) (267 Grsk) (80°¢ Grsk) D % ¥ c
7e—8'7 | 1e—L¢ - AR St A4 7¢—¢2 §g—5°¢ 9°£—5°¢ 957
AHEY | sl B g fgy —_
i Ak o EHHH TR o1 G [ o1 Rk g1 | SR n [ MR ™
B 1zl “61 -
o . E
rog*snnHMOTOdg (8uty> Eumsxudoamm (roqine yuasaxd o) F d) W W g 3
SH2IU 40 et ou\Hv Mw
: i\. s131up220 "d"y|snatfrovd 'd | |nECE I~
i 2 Ayspoxq suorurs snuvpw) Fcdph
Aysporg snarford snuvpp) BN RHLY AR E W1

‘snolj1opd ) puw snoluls SnupIp)) JO $2INJESy WIeW SY3 jo uosiredwo)) °| Ifqe]

HHEEBHBETE RSy eRicREd 12



3 3 FRTEER: wARE KB AEETE M BB R Sk ST O s

AR (B4 1 83 B iac R S5 ) ARILUEBE K, o AR A S e AT ST S R IR YR B ED AT S AT AR,
555 XHURSS 1 ETAISTE R, S5 ARTER A AT S AR EERAL ASHE, A
KB ERRITER, 85 1 S AR K BE LA R HEM: 5 5 AR PR S5 B SE 1 715 AU LL SR 4%AIE, BT 1R
RWFRLEERRTE, b ETKE SAPFE/RE T BRSO, MRS
BIFhiR R9ZE 52, i FE R A Bponcknit AR BN G WINEE RO KIEE Calunus pacificus
Brodsky rp43- i A0 7 fOFh Calanus sinicus Brodsky, A TH/E | EKEX B /KEHE
Fix—wh,

MBI ITEEF , AP B /K& BHEEKRE XTI, BREMESR S 1E H A< B8
KA ZE IR X , AR AE P AL A TR B 7K K GRENF O, B AE B /K R A #2875
B LHE R E2ES: PETEKERNAMELMEE, EAMHOREREMNIENR
WREERER P, MRS HAEMNNE, AHE ((UEILE 40° MHESKPEEEK
FHRTAMHEERROW, mESMEPEEEILHBINE, BXR, hEERKENESYE:
B RE g Es IR CEREEME S—24°C £A).  MMEALE H AW B8 Calanus
pacificus pacificus Brodsky FNTB7KIRAY Calanus pacificus oceanicus Brodsky, [Bsk5rp4e
TR EFTR S HK AR, B E/RERAG SRR, [EASMR L gL T
BERAEEGERIEE A 3—18°C)W), S7EIEEMNT IS BN Calanus pacificus californicus
Brodsky, &R O TE BRSNS , M B.807KIBAE 6—7°CH9, dBb T R, A FFEEHEK
F b N &L TR E KR 5 PR TR BABRZE S, W h T KBTI,
H AR AR PSR B GEIEHREY, AL RY, KPP eS0T
AR _ LAH B EZE M,

=% JE

BN KGR S B M AR I AGRARTE, WP AR TR BRAEX HI 7K R BT A A 1A o
AR A SR PR RSB A ID B iR & W B shik, BE, BMMAOLTEHRK, E4
HAR AR R BERBRR, HE BENFET M, (1958 45 10—11 B), Y/KIRAE 13—
18°C 8, IR IR Bk BB % , AR R E , BIS VB R IV, V I 29k,
B FEALS, H DA, BARELSTYIET R, HEE VHILI TR R SR
R, T RS TEEF R R, XA SRR (FH 5°C £A) BX, #IF(1959 42 3—4
), 7KEBE T EFH(7—8°C) , KB IF WY AR Il KA I RE , B 42 K B %L
IS MBOR B2 5K i T A BRI E AR K E1E 4 A FhARGa, B i, F—
KRETH R ANHER BKIR 15°C AR E(S—6 A)F B, XRETERBENN R, 5
SRR L AN FEEAKREESERIEAMLT, EMAELRE, KEMIHRE 8 Al
B, 8 MBS RS, BARXRMNKENZERBE, BESREEEBEE—
RETEA K, XN HRGEEZSERE BBRESY, AL EP OB RO REET
—F, B 11 B, KEHSHERERE BE, FE P KBRS ], XM R A S TR B
RS E—IRETEMEARS, BT R, s R Eh KR, —FF
AT K, FE SR R 2 B, IR A X E R BSR (B 24), 7EM O By 7K, T
R ZEFEYE B gk AR B 5R , H S KT A I, B TR JE 2 X e /R S R B A B R
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B,

TERT g vh T80, SXPh e B2 A0 S AL W AR, MBE—Edl =, H
BT HES/KEM AL RER, MEMNIV, VIR ESHEKRESE3 AIEE 4 Bwk
B, FEED B — R TR, MR A dRE SR S R BT B it I B — 1, FE
M R R RT, TEEZR(7—8 F)FIRZR(10 B )M - Z R e s A B f i E g
BYRMEK(E 2B), TERMEMFENE, A AFRSFIRUEE, ME MR LR, &
ZEoR RLBIORFN SR, 53X P BE 32 % 1S B2 it 78 23~ S A o

TETRUG RO AR e, XA R 8 BT 5 S EARIEL, (H A T3 Mg X rrKil i
&, H A E IR BB, H ik, AR R IR BRI, BETE 4
B B2 R S TR, B S M — IR RTER ZE (6—7 A) AT, BE T
ST, R RTE R L S R, KRR A 8—9 B4, BRI AR R
K, BEE(L0 B)F B =K, (B Rpd B | B FiZE R ot #5710, (7145 A Bk
HAR(E 2C)o TEESREBETLRI/KIR , 28 | A IR A0 5T 5 30 B R 9 AR fLL, T PR
WA B, X TR BB AR, S, RS TE I Sk EsK i a2
ABILL, RS TES R, B KPS SRR, S R A E R B R D, e
7 0 R N — A, X PP R 2 AR R B AT S, — 4 AR IS, A
s AU, AR BIEE T L0 IV, V LS, EBEN RS EZK W L, 48504
HEPESE N, IR FTRE AR TR EAT %, B 8 A, iR JLFSE A 5k

1EET Vi, rp AR /KR AT T2 AR R 70, SR RS LB Oy B 3 . ARV
GG AR, RALFNTPRRIAEREREBNE, XN SETmE TN RHH
% TERPREG LIV, V B ESIRE %, A DEERAME, BMEARELS, U724
BEETE, XN U AR E 18—21°C, 5RERI/KR 4, RaEXELK
EEIZR LT, SRR SRR RAMREREIELE, £ 3 ATH, KESMHEC AT
o, B ED AT EETE , B S A BT e R B b #/K s N IR (B 2D), 3 5 B, e fpas—(X
Sk, BaaRE) VI I RS BRI B, X DT E TSRS RBUN, ST
JE LT IR Sl b, X T RE B S VRV SR A MR, BRI 6 A AT, BARE TR E
¥ BP AR AE R E P A BT R SRR A R, IRTTRE A S SR A W, BUES IR EE
EAIEE, B—FE, NRAEER BB SERN, FANME, 5 ZFELGEZH
A H-RROFNTE, TNk BARTE T IRIE A OkEt , REGEPPE R BT B E P2
Ao B RRIERE R, BT KRR A TS A — DR, i (R %
s B S db 2K 9 4 (B 2D),

1% R 2 SO 5 G

TS H K B Bk FE B | b5 — AR R A AREL, BDAE B TR o i AR RS S R
M& e e M e AR fE b A, B R 2R RA AR A B ra = R, 128
WERIE S, M | HE R ERAE AR SR F I (1—3 BOMERERK, B I e 6—14 £5, 1E8 |
#(6.7.9 Rl 11 B)A 3.3—6.5 &5, (EFAK , A FIPF(5,8 F1 10 B)ZESEh, X 1.6—
2.6 %, TERS XK, Bk L2 p 25 Sl L 3R K B W38 , (E A2 (12—1 B), Ml 0 eIt iy
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Seasonal variation of sex ratio of Calanus sinicus

Fig. 3.

B FEHE.

A. Gulf of Pohai, Yellow Sea, East China Sea; a. Gulf of Pohai, Northern Yellow Sea;

b. Southern Yellow Sea; c. East China Sea;

B. South China Sea.

20—26 15, FEFERFNFKEK(5—6,10—11 A)H 12—16 1E , IEHEFRTWF (4.9 B), B
BRIZE TR /N 2—5 1%, MR RENT L S iRl LR AL BESS T

\,,,

|
i

4 pdedgoka v R T HRYE A  E R A I S JU TR,
Fig. 4. Tateral view of urosome of potential
female and male types of stage V copepodites

of Calanus sinicus

WREEE, XX SR E a0 51 Rt i
AR (24 %) HREEZ (G A) (8
3A), TEREHE, 1959 45 1960 4E 89 [FIHH T
HGH, MEAE LB AT AL g R R AR (=
3B), b (8—14 %) HBE 2.4 A,
R A (2—54%5) B 1.3 B, X
WX B AR L SR B 3 K 3R B4R
7o

FEARBHARV BIRE R Sk, 7T DIAR %
SBT3 2. 1 )P B A
g (B 5) UK B, BEF RS asss
A EOHY, BNMIEAE L BRI 101, Bt AR
PR MERE B R AV, XS BT R Dtk
b S BT B AR,
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K2 BREHV EEn BrERSIS T
Table 2. The morphological features of potential female and male types of stage V copepodites.

¥B Sex W - &
Morphological features Female Male Remarks
E 4 m R B W oK
Head Short, broad Narrow, long
B — oA AW LA MoK IR VI
Ist segment of Ist antenna Finer Coarser Near copepodite VI
KEBHE -HH #ooa %R, ¥
Ist ventral tooth of mandible Blunt and shorter Acute and longer
AN A T A2 S ®m A LS ek VI )
Exopadite of left S5th foot Shorter Longer Near copepodite \'f
£ 7E fiR £/ N b
Gonads T.arger Smaller
B EH PR MIE B ]
Central notch at dorsal terminal Shallow D
end of Ist thoracic segment b ¥ cep
B - B ¥ ) *
2nd abdominal segment Shorter Longer
LR el T 15 H X wA, BER
Abdominal process of genital segment Round, large Shorter, small, lip-like

34 1.10

E5 A vk VRSB 5 R e R AR,
B AR E VR IIHSLEDK/ S M T a0 B AR
Fig. 5. A. Frequency distribution of the ratio of length of second urosomal segment to total length
of abdomen of stage V copepodites of Calanus sinicus  B. Frequency distribution of the ratio of
width of first metasomal segment to head length of stage V copepodites of Calanus sinicus
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$:(2.80—3.00 ZA) G, B/ MRk (2.59—2.82 oK) HNBER #k (8—11 A), 4
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Fig. 6.
mean body length of Calanus sinicus and of mean

Relation between seasonal variation of

surface water temperature,

A. Gulf of Pohai, Northern Yellow Sea; B. Southern
Yellow Sea; C. East China Sea; D—E. South China Sea.
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Fig. 10. Variation in number of teeth of the Ist segment of
basipodite of 5th foot of Calanus sinicus

A. Gulf of Pohai, Northern Yellow Sea; B. Southern Yellow Sea;
C. East China Sea; D. South China Sea.
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A STUDY OF THE BREEDING PERIODS, VARIATION IN SEX
RATIO AND IN SIZE OF CALANUS SINICUS BRODSKY

CueN QING-cHAO

(Institute of Oceanology, Academia Sinica)

ABSTRACT

In this paper the results of a study of the morphology of Calanus sinicus Brodsky
collected in our coastal waters from the Gulf of Pohai to the South China Sea and of a
comparison of it with the closely-related Calanus pacificus Brodsky of adjacent seas are
presented.

This species is most abundantly distributed in the Yellow Sea and in the coastal
waters of the East China Sea. In offshore waters of the South China Sea, and in the
offshore waters off Chekiang under the influence of the Taiwan warm current, it is rarely
found. Judging from its geographical distribution, it can be considered as a warm-
temperate species.

From the seasonal variation in abundance of individuals in different developmental
stages, it is possible to divide them into two breeding types. In the Gulf of Pohai, the
Yellow Sea and the East China Sea, it has three breeding periods—in March—May, in
June—August and in October—November. Thus the generation produced in each period
may be termed the spring, the summer, and the autumn generation respectively. The
number of individuals produced is most abundant in spring and in autumn. In the South
China Sea, only one breeding period is apparent—in early spring.

The ratio of female to male in stage V copepodites is about 1:1, but for adult in-
dividuals, it is greater. It is possible that the period between stage V to maturity is a
critical period for male copepodites, many of them probably dying before reaching ma-
turity but it may also be possible that the life span of the adult male is shorter. ‘There
is also seasonal variation in sex ratio of adults, but in the whole year female individuals
make up the greater part of the total population.

There is a marked difference in size of adult individuals during different scasons
in one and the same region and in different regions. This difference is largely related,
inter alia to changes in temperature conditions. The relationship is an inverse one in
which body size decreases with increase in temperature. Thus in the Gulf of Pohai and
in the northern Yellow Sea the mean size of individuals 3.2 mm——is recorded in win-
ter when the temperature of the water is between 3—7°C. In late spring, at 15—18°C,
it is 2.9 mm, and in early summer, at 20—22°C, it is 2.7 mm. From north to south, a
marked decrease in size of adult individuals is also noted. For the Gulf of Pohai and
the Yellow Sea, the mean size of individualsis, 2, 3.00 mm, 3, 2.85 mm; for the East
China Sea, P, 2.84 mm, &, 2.77 mm; for the South China Sea, »°, 2.78 mm, 3,
2.64 mm.




