45 4 Vol.45, No.4
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%
1 1,2 1,2 1,2 1,2 1 1
(1. 266071; 2. 100049)
20 60 , 20
70 , ,
0.1—58.1mL/(ind.-h) ,
20 80 ,
40mL/(ind.-h) ,
) 5%
Q178 doi: 10.11693/hyhz20130600071
20 70 , (Choreotrichia) 10—200um
(Hobbie et al, 1977, , (900 )
Sieburth, 1978), 10*—10°cell/mL ( 150 ),
(Johnson et al, 1979; Waterbury et al, 1979) 1x10%ind./L, ,
(2—20um)
( -
Azam  (1983) - )

s Sherr  (1988)
(dinoflagellates)
(flagellates)
(microzooplankton),
(mesozooplankton)
, (Ciliophora),
(Spirotrichea) (Oligotrichia)
P g
* , XDA11030202.2
973 ), 2014CB441504 s R
:2013-06-06, :2013-10-09

20 80 ,
, Porter (1979), Conover
(1982), Sherr  (1986), Stoecker  (1990), Gifford
(1991), Sanders  (1993)
(>200um) :
80%(Verity et al, 1996),

E

(Calbet et al, 2005)

(Dam et al, 1994; Carlotti et al,

, U1406403 ,
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1996; Peterson et al, 1996), )

(Stoecker et al, 1985, 1987)

(Berk et al,

1977; Robertson, 1983) (Gifford et al, 1988;

Tiselius, 1989)

(Huo et al, 2008)

1
: 1. Sheldon  (1986)
Smetacek(1981)
;2.
Heinle (1977) ( )

Eurytemora affinis,

(Mullin, 1966;
(Turner et al, 1983; Turner, 1984)
Berk (1977)

Harding, 1974)

Uronema nigricans( 8.88—
17.30pm) E. affinis, 4.17—
7.44x10°mL™", E. affinis 0.068—0.934
mL/(ind.-h), 717—5688ind.  /(ind.  ‘h)

> >

Merrell  (1998) CMFDA(5-chloromethylfluorescein

diacetate) , E.

affinis, )
E. affinis

2

2.1

Acartia tonsa,
13 7 6 ,
(Strombidium sulcatum)
0.1—58.1mL/(ind.-h)

( functional
Frost(1972, 1975)

(threshold concentration),

( )

response)

¢ D,

concentration)

(saturation

s R A. tonsa
Tintinnopsis tubulosa 2x10%*ind./L(Robertson,
1983) Favella sp. 3.4x10%ind./L(Stoecker
et al, 1985) , s

Eurytemora pectinis

(6—9)x10%nd./L A. hudsonica

(Turner et al, 1983) Saiz (1995)
A. tonsa S. sulcatum )
1x10%nd./L
Kiorboe  (1996) S. sulcatum (0—
2.5)x10%nd./L , A. tonsa
A. tonsa S.
reticulatum s S. reticulatum
900ind./L( lug C/L) ,
S. reticulatum 100ind./L( 0.1ug C/L)

, (Jonsson et al, 1990)
2.2

A. tonsa s

>

(Stoecker et al, 1985, 1987) Stoecker (1987)

>

(Stoecker et al, 1985) Jonsson (1990)

E

, 100%
(Wiadnyana ef al, 1989)
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Tab.1 Clearance rate of copepods on ciliates in laboratory

(um) *(mL/(ind.-h))
Acartia tonsa Tintinnopsis tubulosa 48x148" 39—12.0 Robertson, 1983*
Favella panamensis 82x265" 4.5
Strombidium sulcatum 1.5—5.6 Broglio et al, 2003
Strombidium sulcatum 1.5—12.0 Saiz et al, 1995; Kiorboe et al, 1996
Favella sp. 65x150" 2.5—8.7 Stoecker et al, 1985
Favella sp. 65x150" 0.3—10.4 Stoecker et al, 1987
Tintinnopsis sp. 32x65" 1.2—2.8
Strombilidium sp. 50—60% 1.9
Strombidium sp. 42x43" 2.5-3.1
Balanion sp. 32x34" 42—4.4
Urotricha sp. 9x12" 2.7
Strobilidium spiralis 65x65" 3.58 Jonsson et al, 1990
Strombidium reticulatum 43x30" 1.96
Mesodinium rubrum 43x38" 0.625
Acartia hudsonica Eutintinnus pectinis 20x50" 0.19—0.38 Turner et al, 1983
Acartia clausi Helicosomella fusiformis 23x110" 0.3—0.9 Ayukai, 1987
Favella tarakaensis 77x210% 2.0
Strombidium sulcatum 30% 1.4—-26.3 Wiadnyana et al, 1989
Lohmanniella oviformis 18% 8.2 Gismervik, 2006
Strombidium sp. 40* 10.9
Strombidium conicum 48% 2.6
Strombidium vestitum 23% 2.4
Strobilidium undinum 0.4—0.8 Gismervik et al, 1998
Centropages typicus  Strombidium sulcatum 30% 5.4—58.1
Strombidium sulcatum 4.16—41.6 Caparroy et al, 1998
Eurytemora affinus Uronema nigricans 9—17% 0.1 Berk et al, 1977
Pseudocalanus sp. Lohmanniella oviformis 18% 17.7 Gismervik, 2006
Strombidium sp. 40* 16.8
Strombidium conicum 48% 8.8
X s s ; *: Robertson(1983)
Favella panamensis ~ Tintinnopsis tubulosa s JH#H X s &
10, . 300 ry,
-
~ 10° y a _ 250
°© 5
515 o b E 200
g 2 150
3' or [ 100
w 10°7 50
i
B 10" ' ' ' I ' : : 0 '
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
FEIKRE (cell/mL) FEDRE (cel/ml)
1 (a) (b) (Saiz et al, 1995)

Fig.1 The response of planktonic copepods grazing rate and clearance rate along with ciliates concentration (adapted from Saiz et al, 1995)
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(Stoecker et al, 1987),

2.3
A. tonsa
(ambush feeding)(Jonsson et al, 1990;
Kiorboe et al, 1996; Caparroy et al, 1998; Broglio et al,

2001) Jonsson  (1990) A. tonsa
, A. tonsa s A.
tonsa 0.1—0.7mm A. tonsa
s R A. tonsa
, A. tonsa
0.1s Caparroy (1998)
Centropages typicus
, C. typicus (3.5mm/s) S.
sulcatum (0.2mm/s) , S. sulcatum
C. typicus A. tonsa ,

B

(Mesodinium rubrum, Strobilidium velox,

Halteria grandinella) , (Jonsson
et al, 1990; Gilbert, 1994)

1.7—-3.6 ,

0.8%, H. grandinella 8

1.0% )

, S. velox

B >

(Jakobsen, 2001; Wu et al, 2010)

(Gilbert, 1994) A.
tonsa, )
(Kiorboe et al, 1999)

(Gismervik,
2006) Tortanus setacaudatus

Favella panamensis, T tubulosa

Robertson (1983) T. setacaudatus
s T. tubulosa  F. panamensis
s T. tubulosa ,

(contactment rate)
(Saiz et al, 1995; Kiorboe et al, 1996;
Caparroy et al, 1998)

( &=10°—

10 2cm?/s*), A. tonsa S. sulcatum
4 (e=10"'—
100m2/53) , s

(Saiz et al, 1995)

&2.9x102—3x10"'em?/s®

Centropages typicus

S. sulcatum

4,
(e=4.4cm’/s%)
(Caparroy et al, 1998)
Robertson
(1983) ,
Turner (1983) (
) ( ),
3
3.1
( ) ,
Gifford  (1988),
30 ( 2
(2 2
3L,
2L ,

24h, 78h >
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45

60°N

30°N

0°

30°S

60°S

60°E

120°E 180°E

Fig.2 Locations of in situ incubation stations for planktonic ciliates ingested by copepods

180°W 120°W 60°W
2
20pum, 400pm
(2
Roman  (1980)

(containment effect)
(bottle effect),
, Roman (1980)

b

, (Gifford, 1985, 1993)

Gifford  (2007) ,

80%(Tiselius, 1989)

( 2) : Acartia (A. bifilosa, A. clause, A.

hongi, A. longiremis, A. tonsa), Calanus  (C. finmarchicus,
C. helgolandicus, C. pacificus, C. sinicus, C. glacialis, C.
hyperboreus), Centropages  (C. abdominalis, C. cherchiae,

C. hamatus, C. typicus), Eucalanus  (E. bungii, E. pileatus),

Neocalanus ~ (N. cristatus, N. plumchrus, N. flemingeri),
Oithona (O. davisae, O. similis) Temora (T longi-
cornis) (Stoecker

et al, 1987; Dolan, 1991; Fessenden et al, 1994; Merrell
et al, 1998)

3.2
C. hyperboreus

162.5mL/(ind.-h), C. helgolandicus 98 mL/

(ind.-h)  N. cristatus  70.8mL/(ind.-h),
40mL/(ind.-h)(  2) ( )
) (Levinsen

et al, 2000)
Levinsen (2000) Liu (2005a) Fileman (2007)
20pm 20pum ,
Vincent(2001) 40pm , Koski  (2002)
30pm >

(Tiselius,
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1989; Nejstgaard et al, 1997)
(Gifford et al, 1988;

49% 25% 22%,

Atkinson, 1996; Castellani et al, 2005) S 4
) (Dolan, 1991; Fessenden et al, 1994; Atkinson,
R R 1996; Atkinson et al, 1996; Lonsdale et al, 2000; Batten,
2001; Calbet et al, 2002; Zeldis, 2002; Broglio et al,
C:N , (Kiorboe et al, 2004),
1985; Stoecker et al, 1990), ( 2), Dolan(1991) Fessenden (1994)
(Sanders et al, 1993; Breteler 45%—200%
et al, 1999, 2004), )
Calbet  (2005) 5%( 3) Dolan(1991)
, , ; ( )
<50pg C/L 50—500pg C/L 80ind./L, ,
>500pg C/L
#3 TEBSRXWFEFBENAEREGEREPEZHNMEEZERRELDBRNEN
Tab.3 Grazing pressure of mesozooplankton (mainly copepods) on ciliates by in situ incubation
( , 2 %) (%)
34—200 Dolan, 1991
25—45 Fessenden et al, 1994
5.7 Atkinson et al,1996
* 0.3—4.8 Lonsdale et al, 2000
ok 0.91—3.25(1.4) 2.38—51.4 Batten et al, 2001
0.3—3.5(1.4) Calbet et al, 2002
6.4 21.3 Zeldis et al, 2002
0.4—6.9 (2.4) Broglio et al, 2004
*: Oithona spp. ; *E
, Fileman (2007) , Celtic Favella sp. Calbet  (2005)
PZP(protozooplankton, 0.016—0.029ug C  /
) (ng € -d), 5%,
, 2%—10% ( 10pg C) 0.7ind./L
12%—17% Fileman (2010) s Nielsen  (1994)
Calanus helgolandicus  Acartia clausi >50um ESD(equivalent spherical
PZPpP 2002 3%—32%( diameter, )
17%), 2003 0.1%—15%( 3%), ,
PZP
Stoecker  (1985) 5
Acartia spp. 3—4ind./L 20 80 ,
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MARINE PLANKTONIC COPEPODS GRAZING ON CILIATES: A REVIEW

ZHANG Wu-Chang', CHEN Xue"? LI Hai-Bo"? FENG Mei-Ping"?,
YU Ying"?, ZHAO Yuan', XIAO Tian'

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Since the 1960s, marine planktonic-copepods has been found to ingest ciliates indicated by direct or indirect
evidence. In 1970s, clearance rates on ciliates were studied in laboratory, and were revealed between 0.1 and
58.1mL/(ind.-h) in most cases. Different copepods have different ways to graze on ciliates, including ambush feeding and
suspension feeding. Some ciliates have predator-deterrent strategies such as jumping. Studies on copepods predation on the
ciliates in situ began in 1980s. Those studies showed that the clearance rates were below 40mL/(ind.-h). Copepods
clearance rates on ciliates were higher than that on phytoplankton, which suggests that copepods may feed selectively on
ciliates. The grazing pressure can be estimated in the clearance rate and copepod abundance in situ. Grazing pressure was
about 5% per day in most cases. Most of previous studies were conducted in coastal areas or in laboratory. Copepod
grazing on ciliates in oligotrophic oceanic waters remains poorly understood.

Key words planktonic ciliates; copepods; grazing; clearance rate
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