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The feeding behavior of the marine planktonic copepod,
Calanus sinicus and Acartia clausi(A. omorii)
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RZ}FEQ Calanus sinicussh Acartia clausi(A. omori)®} =lol A 43 i) fAsted HE
E¥aEe] prusisl AT BE Hol A& X A7) ¥E Y UlM AR FF
871859 a7ge YolsEs F7lo) ety Fagon], BFE AHEL C sinicus7t 242 mi/cope-
pod/hr. o1, A. clausi7} 337 mi/copepod/hr. o1tk Mol &L HolvE o Fril metx ofd
AAEENA Z7HE HAF, YAFE oldelME ol Fridl wet ok ¥EE AT &
gAo g YA FAHEe BHE HA%

AzZbe] Mg 27tEES oFge FIYE BolX @ Ao Fxde YL AU A
dausie o|® AlZte] A ¥ Fbste A¥E Ao

ARAoz ABEFAEY Feusle] & 87tF HolHdHAEH gl FFL A
EAh 24" RES Ui Aolg BAth 1T ANIEF] wE TAlA FE aAFREL
A& TAYTE WAske Aoz vehdth

To study on feeding behavior of copepods, Calanus sinicus and Acartia clausi(A. omorii), variations
of filtering rate and rate of food intake with the changes of phytoplankton concentrations and time
progress were measured in laboratory. Filtering rates of the two species of copepod declined with
increasing of the food concentration and the averaging filtering rates C. sinicus and A clausi were
2.42 mifoopepod/hr., 3.37 ml/copepod/hr. respectively. And the rates of food intake increased with food
concentration up to a critical concentration. At higher concentrations, the rates of food intake were
somewhat variable but kept the constant levels.

Filtering rates of copepods with time progress didn't show diel feeding rythms and generally decrea-
sed. But filtering rate of A. clausi increased by the increment of feeding in a few hours.

Consequently, two copepods showed similar tendency in the rate of food intake and filtering rate
with phytoplankton concentrations. However, the measured values appeared differently. And the two
species of copepod with time progress showed the non-continuous feeding behavior.
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FEEEAE % HEEHIAEL] EHLE HE
Egz=Ee T ol A 5EE Tk
d oM E 8% AAjolth AN HEEZ
AEY FEEFIEA Y BRA JEEAY
280 O oldle ¥z 24 QAR/E
o] ¥4 &(feeding rate)ZFel & ¥|FE T3l
(Runge, 1980). 244 s}tg9] PP F2
A2 Z 33 E(nanoplankton E3HS ojL3led A
tiMarshall & Orr, 1955). T EZHIEL] X2
g viAe 842E Holel Fx(Marshall &
Orr, 1955 ; Rigler, 1961 : Reeve, 1963a,b ; Mullin,
1963 ; Frost, 1972 ; Corner et al, 1976), 2o] ¢
g9 A9 AMullin, 1963 : McQueen, 1970 ;
Nival & Nival, 1976 ; Frost, 1977), 2%(Burns &
Rigler, 1967 5 Muliin & Brooks, 1970 ; Conover &
Huatley,1980 : Kiorboe et al, 1982) 12]i1 2o]e
3}8tA A A(Mullin, 1963 5 Reeve, 1963)5-} 3t}
FEEZIEY AT 8 EHEo FHL
Marshall(1924)c] Calanus&-S ARg-&ha] AP ¥4
o] FNHAFE A& AR, ol A+
B4y Hg4dols Be I7AE(Singh, 1972
Duval & Geen, 1976 : Mackas & Boher, 1976 ;
Barrs & Oosterhuis, 1984,1985)c1 2l#)jA] ZALH
At 2y ofA7R] FEEHIES] T4 F7I
Awisto] s 4% AL gtk =T FEFE
#3380 FAATFEL 27| TEEZIES §
W82 HAKLebour, 1922)9} ¥ 2]7|ZHEsterly, 19
16 : Cannon,1928)% 22 AAHQ ATEL A%
sgon), 2% TS TARTA A4 g
oj7l eole} g @olgolt Te 9 AFNNE
o] &3t Al d(Reeve, 1963a,b 5 Mullin, 1963 :
Frost, 1972)% Abd F9€204C, 32P)E °1%
3l FAshe ZZWPH(tracer method: Rigler,
1961 ; Baars & Franz, 1984)3 & AHFH o

Eo| ARHAUL. HAIde ABEZFIAEY S
A28 ZR3sted AHEEUE &3 H(fluorescence
method)o] == ol(Nemoto, 1968) & ol M| X
28-S 2Ash=d AHEstR RN Mackas & Bo-
hrer, 1976 ; Rodriguez et al, 1989), ] W% X
AzE] YgudlA Holg FHste AE F
Fate | AAAA 2450 Jon, o] ATto]

ol &S AMehe vl 8% wiel Ha A

(Peterson et al, 1990). W] Aol AY.2
A¥4d dda HePs A T2 gl 3%
ALFES olgstn . a2y EAAEY X2
ENGFo ZF dE A olHx
ol WAL FHYPAE o83l FH3=
Bo| AMg3tT ok WA FTHELE

e A HAog fHAEs e
go| ¥§3lu glomz Aguhye} net
o] 8% g2 v IckRigler, 1961). ¥ =AM
A7 gl B E28slE 8455 viaH & Ce-
lanus sintcus®t 22 2719} Acartia clausi(A.omo-
ri)E ol&3le] AEBEHFIEY FLWsd wE
AT AT wE XAl g WEE FANS}
k.
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Agol AHEE SARES A7 AR TN
9338 243 E A7 30em, FE 03mm)
2 At 3 literd A HEEo] ¥ol 7P WE ATt
(2F 177Dl AgaE eukslgch A4z &
gty A g% NEdvA slolA Calanuset Acar-
tia e Bastel Hsiez AN FEMER &
71% E8UE olgsld 448 A&EHORE T8
gt 825 o 3~4Y ¢ AT o] sojUE
SEHENY ZHAZ oL AP AHREATH
SZtFE Holz ALdH AEEFIEL YA
A7} Be F2FQ Cylindrotheca closterium, As-
terionella kariana, Skeletonema costatum T18)31
A28 =29 Chlorella vulgariso}™, |5 YA
3 3 278l A 1 liter AtztEEt~39} 300 m/
B.O.D #oll A f/2u)] k¥ (Guillard & Ryther, 1962)&
olgale] wigslgch Aol AH&¥ &7 550
miQl faHe Aggon, 4% oz ol g¥
ANEZGa8Le 059 RRAHE FA8H7] 28t
A a-9] 3 AB(1~4rpm)S AHE3H G

Holxx o] Wil e TAEL FAXQL 27}
Fo} Holol AEZYaEEe] PrlEo] e 43
718} E277} glo] AR EFAEV] 5o Ue
ZH 878 AMBE 2441750 AP, o
28 E4g 23 F& 2HA7 deli(dark con-
dition)oll 4 ZAMsE 1, APANS] METE 2%
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Z2(9~20T)o A A3tk T3 AlZPE e o

T2 H4¥EVIel 2HE7E 4] AEE
GaEs FEE dRAFA FAANF, 6412 A
o2 24X7HE<t 284 &3

g REol AAES A= XA A particle fee-
der)5& 259 F83F £4712b] sz A filtra-
tiong ARSI, FEEFAE 9J3H aFEHE
Hole] & ZAIELY) ATt 4882 A9
of 7} g{filtering rate)= YEPITE EF Mullin(19
63) S2EZYIES] ¥INYFS ARG o
3§37} 9o} A& &(rate of food intake) S sl ok
g7-¢ FAsgch g Aol dHee HA
AZurE e AMgste B o, AT EEe
Mullin(1963)% Frost(1972)5°] AH&3F Aoz 4
YF NgZRIE AAs HIE Asste WY
oz AFdide @vE e olgdte AL
=t Al47)(Coulter counter)E ol&3he Wol
AR T}, B ZAIAME dr S ol &3t AT
AZE o]f3te g7 Hol dHELE Omori &
Tkeda(1984)7 AAF F41S ALE-3t] AT
=3t Richman® Rogers(1969)2] A¥uldo) whet
A 2919 A(Na,HHCO)E AHE3He] nlg) ik
NZ NEEFIES QZtFENA HolZ FF
159 oFHgS ZASIYT 28F HEEZIE
o] &Mae Liquid Scintillation Counter(Packard
TriCarb O)2 2A@stgen], 28452 Asiye
RET vt

N

&

X
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dz 9 ng

Holo] FEot oitge BAS ZAE] Aty
2z 3] 72 M(multi-linear regression)2 AHE-3At.
Calanus sinicus®} A& Holxxe| F7td o
2t 7tA & on(Fig. 1A), 1.04014 4.40 m!/cope-
pod/hr.2] #$i(Table NE B AT} Acartia clausi®]
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Fig. 1. Relation between filtering rates( mi/copepod/hr)
and food concentrations for Calanus sinicus(a) and
Acartia clausi(b). The points((]) are measured by
Counting method and other points(+) are obtai-
ned by regression equation. a’Y =5.17-1.08xX1 +0.
06xX2. bY=10.554.67xX1+049xX2.

oA3g JA| Holyke Frte g ALA=E
tl2 29t C. sinicus<} 8153 4L BH o9 (Fig
1B), 042114 9.79 mi/copepod/hr.©] H¢|(Table 1)
2 gostA Jedth § £E59 o389 FHE
BAxe EAXcZ FAF(Pp>0025)8 o,
A clausi®) a-go] C. stnicus} ol vl
2 9z wale zlo] #AHIUL ol FF9
Qo HF A& C. sinicus7t 2F 58 mi/copepod
o) A. clausi7t ¢F 81 ml/copepod® T FA 4
et B A8 A Calanuse) A& W
2J= Anraku(1964)¢} Mullin(1963)0] B

Table 1. Filtering rate and rate of food intake of Calanus sinicus and Acartia clausi

Range of Mean Mean

filtering rate filtering rate filtering rate

(ml/cop./hr.) {ml/cop./hr.) (cells eaten/cop./hr.)
Calanus sinicus 1.04-4.40 242 34X10°
Acartia clausi 042-979 337 32xX10°
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2)9} v)<£=E AT, Paffenhofer(1971)9 #ERTE
oF 108 AT 2 ¥HE EHUT o|F2 Paffe-
nhofer(1971)7} AHg-3 HolE(Lauderia, Gymnodi-
nium)® B APl AL Holgel A7)t o
2ol Aoz gtk 18y Acartia®] AL
Anraku(1964)7} ERR8E ZEHEct of 3~108] A
T o =A Jehgon, Marshalld Orr(1966)7}
23¥A FNFRE B} o 7o) HA 108 E ¥
grth. Martin(1970)e] Bio] wad, A causio)
H2d 2 2719 F2FY Rhzosoleniast 2 2
71¢] Skeletonema® HolZX AIFHNE = o] T2
o 8)8] Skeletonemas vl E&HoT TAFY
£, A dausi7t 7PF A&HoE PoljIAEE
ZHES UE A7IE F 5~124 Alold YRS
o]2ltkNival & Nival, 1976). @2l & FALE
Ze o B AgalM A cdausie] 3ol &
33 24 ZHPRAL opupx APH] AR
Z2 QRS AFAsFAM o 3~4AF 2EML
g YA, B Aol AHeE AEEFIES
A7} Acartias) Il HZEo2 e w2 &
g€ B9 Aoz AeHUtk 87FES] Aol
Holsrel Zvid wil #Ashe A¥ES Mar-
shall# Orr(1955) 12l 3L Mullin(1963)°) Calanusl
WslA Baglon] Conover(1956)€ Acariao] o
sA olgge Ag%e BFAAG =¥ WA F
AU ANaHUCO)Z vla] WidA B EFIE
£ o]2% AYEH vaPLd 2AFEY AL
& Asyoz 24% AR v£3HA ol
wo] Z7ld we Pidhe 3FE BAKFig 2).
C. sinicus®) 7&-& <F 0.38~3.58 m//copepod/hr.
oln, A clausit °F 0.23~2.72 ml/copepod/hr.&]
Welg o] gL AswHes ST AAHE o
ou) WA 3} A% @A 28910k Corner(1961)=
WY ZUAE o] gt Z2AY @Bl A
wog A% e @A 005%=2 v ol
=352 thRigler(1961)9] A8 <18). o19zo] 7
zupd gl B REM Be FES Hole AL ouis
then e 94 g7Yd Folth AR, TAAE
o ¥AYE AR Arie WHEEOmor &
Tkeda, 1980)°ll Al B2 & X3 gl7] Wil
Ay7Izke Yozt AR AE FH= W 2
2l A7tEc} Bolop s ©], ¥ ZAldAMe 4
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Fig. 2. Relation between filtering rates( mi/copepod/hr.)
and food concentrations for Calanus sinicus(a) and
Acartia clausi(b). The points((]) are measured by
Tracer method and other points(+) are obtained
by regression equation. a:Y =5.31-0.95xX1-0.04xX2,
bY =3.13-046xX1-0.03xX2.

g 7)17to] 24413 otk ER, EAREC] Yol
HHAY NEZLIE WEEY 5o &40
A =] 31(Lampert, 1978 ; Copping & Lorenzen, 19
80) =3 Wls B3& niE P9 HEEFA
Eo] B2 WAy EFE HE¥S UKRigler,
1961). B ZAhs EAxis} Holof oA EdEE
uhals 2@el o] wig AE Aoz sPPsta
g ol Atele nastxl ¥kt wbA WAks
222 ol83te AFESAME FAHITE FEA
714 v AAHY g4AEL Foplm, APFES
£A5E e AFE A7l FAPol Ay ojord
Holth

AZ2EPaE] FEo WE aAFES Hold
#ge Logix+ D2 HFHE ANNF 2% arsiH
¥ M(second-order polynominal regression model
with independent variable)Z AM&-3tch. FAH ¥
SAAEL FYFZPp>00D8 1A FAFE B
ot 8718 Ee] HoldFHE e ABEFAEY T
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Fig. 3. Relation between rates of food intake(cells ea-
ten/copepod/hr) and food concentrations for Ca-
lanus sinicusa) and Acartia clausi(). The points
(D) are observed values and other points(+) are
obtained by regression equation. a’Y=-727+4.56
xX1+0.35xX2-066xX3-001xX4+002xX5 bY=1
69+ 1.72xX140.25xX2-0.32xX3-0.005x X4+ 0.04xX5.

o] wat Z7tEtt ol® YAFE ol FalM tht
Wate QAT $#¥Aoz HAHE BEE BAG
(Fig. 3). A2 EZaE FEol me} I7hshe 9
oldxgo] FA3 WaAY T TsPdeld =2
s AEEE Holo FHe 27 18n EA
Aso] 254 wabd oheksiAl Jehd R RHFrost,
1972), £ zAY ARE C. sinicus®t A causi
AAEEE ¢ 55X10°% 60X10° cell/ m/= ¥l
28 A Uebton, =5 3@ HoldHex 34X
1033} 32X 10° cells eaten/copepod /hr.2 vi-§- B}
231 thTable 1). Tk 8 Z4FES o 8% &
Ao} ZA7lel v gckn 7, Acartia®] 3717}
of 0.9~1.1mm o}3 Calanus7t ¢ 2.0~2.7 mmo]
vz molg HHstedl A Calanusol HlFHAM
Acartia’t T HZHolny E& Holg AHET W
Ash=d 742 Aele Aol i &AHY &2 AETH
mo)Ze] A7t Acartia®l Aol ABE RoR
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g. 4. Relationship between gut passage time and food
concentration. At concentrations <4.0 pg/liter. Pa-
ssag time(min)=48.1(Ch} concn)™** (n=30, r=0.
81). At concentrations >4.0 ug/liter, passage time
averaged 234 min(n=33, SD=35)

e vk
HYEAM Yt 2755 HoluAeR o
olxxol AT McAllister(1970), Corner et al.
(1972), Frost(1972) 212) 31 Daggsh Walser(1987)%
o) Bie} AXFHe BPon, oleig HolHH &
ZAgre HgAd ¥AREY HFFAJ dMullin et
al, 1975)2 AA=ATE McAllister(1970)= &2
FIESo] Qg e FxoldtelA EH3A
AL HAERO, Steel(1974)S ol2F AT
Aol ABESLaER FEEIFIEA 0l
o] o F=ad a4z LT ol 5
2 A5 1A ¥ HESFAEL B
¥ Agte] Pgagozn A ALy
A AFERA ) e i REe] A7 E(Ryther,
1954 ; Reeve, 1963a,b ; Corner et al., 1972 ; Frost
1972 ; Dagg & Walser, 1987)3% ¥ ZA}ellA] o]t
z2e Aol FrE Uehta gton], Hel4
go] old oA EIFENE {ASH=H Rigler
(1961)= olAF AL H7iAle] #Ho g Ut
gt AR, TARESe] T BE7 ) AT B
tRSe 3 2o &880 adn g4, X4
ol Axxoz EAFE Hol oped
FAL Gioju] AN, THE HoleF
wasle 7)ol g Aoz nABUCh
zo] TAREL ofjd AL odelM Hel
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gole] ¢ SHA|Zo] HolFxo] mekA F7HHA
Tt ojH YAlFToldel s AR fAI=7] fF
ofl(Fig. 4 ; Dagg & Walser(1987)2] Fig. 4%918) ¥
ol go] A FAHE HoZ AsHUh
T3 HoldFH g0 YAlsTol ol dRSA K
AGAY Ee F7Hgo] 43 ZaHA g1 A
£Ho 2 XA F7HE HAGHE siYge &A%}
t AEEFIEY &P ZA A”S Wl o
Fol olgi§ HoldA & ¥l UM F
EEGRHE] AEEYIAEY ¢S 2P3= A F
8% 842 g8zt

A|7ve) W& Calanus sinicusSt Acartia clausi®)
o 7-8-& Cylindrotheca closterium, Asterionella ka-
riana, Skeletonema costalum2 o] &3} 6A17F 7t
Hog &FF ZARIY. C  sinicussd A
clausig] o3-ge Ao g AT mebA
#A3tn o vKFig 5), A dausi®) 3382 18
ANE HEe ti FUke A%E E9KFig
5b). A¥7EG 871U Helgme IR
fAgong Argel HEL HolFke] WE B
e 233 ANWAEFA oE FF¥oE 4HHY
TE9 TAREC] T4 O HPAE Holurh
244 70)ehs e TR H4EE ¥ dfd 2
21.g9] FrIAe BIASA EZH/AT, A dausid]
o #-g-o] 184|3te] F gt Foll thd F7hehe Aol
oA =2 FARATA o] C. sinicusst vl A
A. clausi7} Hol9 A9 A3MTE Y 282
Holg sk AlTto] vl ME Ro2 Algdrh
a2 ¥489 Watso] AEAIF 67 FFHA|
HAAHo g £ FES Holi v e 34
AES AR FolA 3~447 HEAHY FFE
e Ao g AzEs(Mullin, 1963 5 Hargrave &
Geen, 1970), Frost(1972)9] A7 17H2~5)e] 44
NAx o)2igt A HQ 5o Aol 124t 7HA
veldRAe g Bndlych oggEo] A|HAE A
uets Fadn 5FEF AN Ftske Re
APE ABZPAEY FEHst T FFo]
. ol]@HMullin, 1963), R ZAFES TG Fo] d&
olgl7] Hul= 238 g TH9 REo=m
A8 =) tHLowndes, 1935 ; Frost, 1972).

AgHog 5% 24REY dHE

o ol
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16
1441
124
2 101
e
2 8
]
g s
44
24 N Asterionella
_A4 Skeletonema
04 Cylindrotheca
|
b
10+
84
@
£
s
& 4
24
Asterioneila
£ W' Skeletonema
, Cylindrotheca

Time (hour)

Fig. 5. Vanation of filtering rates( m//copepod/ mf) with
time progress and each phytoplankton for Cala-
nus sinicus(a) and Acartia clausi(b). The data are
mean value for several experiments.

FEAA FARE T BEI¥elN YASA 47
e 44 ARAE] AYHA THBES U
Bhith 8 A 3T BE 2AREY olHge
Ao R gashs A% BN, TAYSe
Fr4e B AYFY) Bl BAsA) Raige
o ole® AR AsiA 71zl ASE e
AgEol astch Yolxzel Walsh AR
0 94fe TARE U AESAA Acar-
tia®) EARES 9% thAbaLgo] Calanus 20} ]
@Y Aoz ARANG. wekA F7IRe)H By
RS, A% SN Awrtise A7) A%
FYAES] WEFS 2SR FREOL RYS
0g Aolth. olofRe FAIEO] Bo] saHo N
Arel FPFEREI A AL olshsh
W Eee SRY ohis 244 FREYAEY
Age Zgshs o shie] FuEM o§TF
L Ted ARy fER woldAe: o

32 ok
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ofo) H&3a}7IeE otA7A A FAEC] U
o AYA Agox A1&E Holwke] HSA
FAel Holy st YR e XAxEo] H
ez TASS gAY Axe] 159 thARES
o3 a7 Re FENLF e AHEEC] YR
Z(e.g. Mullin & Brooks, 1976) B} A¥sia
HQ o] wjAE AL S WLl
Nk =
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