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RE 1997 6 AEEH S MWALRESN T HE BRI YHZESH, AREEHE
TERHEHEYWA KENMAZHDYTZHEYNERES. SRER, IR EHEIFNE
HYETERDFTTERMBEARLI B, Codonellopsis spp. BRI T ERMETEEFR, L&
1.3.5 53R 544, REDTNHN. 1 S¥5981ind/ L. 55 ¥ 200ind/ L. 3 5 ¥ 30ind/ L; BEH 5
HEBEZ . TEL, BEXYREEN0—87ind/ L. REZWHHEY M EKEN 043—
0.73d™ ", BFHEMBEIRAF042—060d W HLUTERXRFERFHEAYAFTEY 34%—49%
B RET=IIH 85%—101%.

Xgia e MARNSY BREHN DESFELR

2RSES Q958.885.3

% & 3% 3% 3h ¥ (Microzooplankton, MZP) 2 $ 4 £ /N T 200pm 8 ¥ #% 31 4 (Dussart,
1965), %+ BT IRAENY WERLMY HERER . HBERHDYENE. B ZHF
£ YRR R W sh ) 2 & R AE A (Gifford et af, 1991). HAEI, EEHA LiFEEX
IR THMA R BEEEH R F Y | E S (Froneman et al, 1996b).
1997 % 6 A, “Bl2 | S RI¥EBMET T DBESR AN N EMAY) TR EM A6
RHE AT, AXERAERNSN 0, MEDERYFH YR SR 06 RH
BHEYOBREEN URATHRDBESRANESHAREERDREEZELTHASH.
1 #MERSHZE

1997 6 A 1—15 H, “Bl2 | S R BMHET T “DBESREN HEMEY BT
BREFA RIS 1 MK, AR REMTHIIEXMIKTER., AFKRILR S
WAL (B L SEERERD, SN TEE S RBLAL. #ET 0 IRE. BIBEMIEM
. AEMES YL E48h(2 S ¥530n), ZESL AR A CTD W B /K KA B 5B HI IR B
HE, A 6L RAKEERK, REMZRE o« MBWFHHY, #HTHRELE.

1.1 H&ERKa
GF/ F BB £F 4 IR IR 13 ¥ i /K (LA T T o JB ¥ 7K ) 250ml, ZEREF T 20C H I R EF {7
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. EXBEN, A 10ml 90% WABEE - 20C B FRBIER F AR E o, A Tumer
112 5656 BE 111 & ¥ BF (Strickland et
al, 1972). 4:
1.2 RENERMAFHFHY

AR 1L KH, A Lugol's B 45
EWMEE, WE N 1%, REKZERE 2.
KEERARLERFE 1 A AEEITR
SEEE, KEE# L 24h A b IR FR O
EW, BT 100ml MR, Leitz ##
FIGRK 100 5482, xF > 20umAI I 4.
RSP TR, BRAEWAR > 20um
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Ej] Fig.1 Station positions for R. V. “Science 1" during June,
5 AMEBEE 2m ST R, 1997 in Bohai Sea crise

FIL, 4 S 5 BT 20m EE HITHBELR.
1.3.1 WEEHEE WL B R W Landry %5 (1982) 82 . BIRG/KPRIFHY KN E
KERN kLY RE R ¢, FHHEYATHRBOE KN, ERATMKE N P, HHE MK
BEHXP,BVE P =P 7, BB KEHMZMKE - EUBIRE, MBE 4 NG KIER
S5RAEEABRALE. BAEEKS, BPHEYNERR CALSYE, BlishPrEe®R
HE YRR DT IE BRI, Bh dx g, HEFRETE (LIS, P = P ¥ B, &
WL FFRIAEFRFR S KT RHEYEEN T, REW MR BERERE LM g,

WERHEHY A FIREDAFRMNEE=IORERES GBI H P PER), T
LA T HARRE (Venity er al, 1993):

P.=1-e"¥x100%
P = (e"—e*"P) /(" - 1) X 100%

1.3.2 HBLRAEBIE  #BAEH IGOFS WP(Burkill er al, 1990) 7 #4T. 10% $h#
BUELHE OFM 10h Ll b, AT ARGEKFYE. 6L F/KBRK40L. GF/ FIBE
i3 78 20L, 200pm4> B i izt 38 201 BABR 2 K T 200umi) 287 30, #e it 3878 K A 200pumit
BHWKEOL LB UL INMLEABREETEUEBER S, B HH 3 METR. BU
PEme N —MEERMET ROBABRARERKEEHITHESR. BHRITMERS,
BMKK 250ml, GF/ FIEREL I8, IR T 20C H AR, — M AAMEM G X o IRE,
FERE 11,
2 #R
2.1 RE BENHERq

BEEEATRE  MBELLE . BEMNEEE 1 S8 11.98—12.66C,2 5}
R 17.09—17.31C,3 5058 17.12—17.16C ,4 S35 K 12.9—16.6 C, BRIETE 3—5m; 5 S ¥4
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H13.17—16.48C,BRZTE 4—Tm. HIWILETHARK, BN 29.1—30.6. HEEKa M 1
SR 0.6pug / L3 5 S35/ 1.35pg/ L, TH B ERZL.

F1 BUCHBE REAHRRHEH

Tab.l Temperature, salinity and chlorophyll-a at the five stations

B 3 K& A KE(T) HfKa
¥4 S :
6H) (m) =2 K2 .37 373 (ug/L)
1 120° 30" E38° 30’ N 3—4 29.8 30.03 30.06 12.66 11.98 1.03
2 119° 30/ E38°30° N S 15 29.19 29.54 17.31 17.09 1.32
3 118° 30" E38° 30’ N 7—8 18 29.72 29.83 17.16 17.12 1.13
4 119° 30" E39° 00’ N 9—10 27.5 30.61 30.17 16.6 12.9 0.6
S 121° 00" E40° 00’ N 11—12 29.2 29.3 29.1 16.48 13.17 1.35

2.2 RBEFHHEBROSH

WRBWHHRBEMS A EARLE 2. DRAERNWMHLEANEEE -, L TF2BE
#52 Codonellopsis spp.. EERWHRAHRAYS. 2 SHM4 SHBRE LG, 1 55,3
By S B BERS A, BREZHNMA, N 1 SHHKEE 1 000ind/ LBERE R 5 SHH
200ind/ L, Bl 3 S350 4 26ind/ L. BEHAGEAN ELEEZEMTED. SHAIRLELENE
A ELE, EE R 0—87ind/ L. 4 SHBRE.2EHBELH. SHEAFHEFBEK,
3B MA S HREL . PTREE, | SHEANAGHEY, S SHEREZ R TED., KT
20pumIC 5t A £F & M (aloricate ciliate) k2,

R BUHEHEAERNREXAHENOERSS (ind/L)

Tab.2 Vertical distribution (ind/L) of Tintinnidae and copepod nauplii at the five stations

BE WRAgER il

(m) 1% 25 35 45 sE 19 28 38 4% 5
0 981 0 26 0 200 22 0 5 64 51
5 799 0 18 0 156 24 0 48 81 26
10" 707 0 14 0 111 24 0 45 87 11
277 306 — — 0 112 10 — — 0 3
1D 28388 HR4m; 2) 45 5425m

23 WEARER

3T 7T KABRB PN 4K, B 3 KEERT AHE <04 MBAIIH., REH
®3 BHUARBEIRAHLER

Tab.3 Results of dilution experiments at the 4 stations

REEF , o . BREIBRZNEY BREIROREFS
w4 r k(d™) gd )
(m) AR A B (%) S AR (%)
1 2 0.778 6 0.674 8 0.690 9 49.89 101.66
2 2 0.5159 0.430 7 0.4256 34.66 99.05
4 2 0.5370 0.732 6 0.585 4 4431 85.32
s 20 0.4356 0.229 4 0.5959 44,89 319.00
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KR LH0.4307—0.7326d L, HH M TF 0.9—1.6 K& |BE g 7 0.4256—0.6909d ',
HYTERESZHHYIAERM 34.66%—49.89%, VIR A4 /1 #) 85.32%—101.66%.
ERRAERKRK, B 02294d L BEEHNESRZMHE Y, K 0.5959d L MY T REFITHE
YA B 44.89%, FIR AT F1# 319.00%.
3 itig
3.1 REGEHESY
311 BEEghm R EA4hil 0—87ind/ L. K4 AR EWMEZ YR
B SRR K4 151, 7E Seto inland ¥, K F ST A4 AR, 6 B AA —Hi%, 8 5 x
10’ind/ L(Kamiyama, 1994).
312 WHRAER DEFEREHBOSARAYS, AELE DK 981ind/ L 7
ST AP 200ind/ L, BI¥ 4 26ind/ L, Bl W O M FTAH %, 4.5 SHHRKEUF R
Bk, WA BB B REEMKBREK X R E, Codonellopsis spp. FI BEiE H ¥ K+ A TE.
M g 0 ARK S KA K TE, FHmILEE M, Broad TR lEE K
RAG A0 Tk,
3.1.3 JLEH E M (aloricate ciliates) FEWEAAERNBERRETE, BHBERALA
AERMHLERT LSS, FREBX, pXFdERNHEERD, MG EREL, 6
W EEMAKERAERXY T ERRA 17—351lind/ L, XL EHRF 73—1336ind/ L
(Froneman et al, 1996b); Lazarev Sea #b5% 4 E d1/0F 100ind/ L, Fo55 4 € ML 1275—
1900ind/ L(Froneman er al, 1996c); WA 8 R X P F L E R H75250ind/ L, XELE
H7E625—1725ind/ L{Froneman et al, 1996a); Celtic BT H B R HK2.5—12 X 10’ind/ L,
W2 £ BB/ (Burkill er al, 1987). {BHAEHISL, 7 Seto Inland 5 K E ZF, @5 B R
EEAERMBEHE S HITILI5% 10%ind/ LA 10X 10'ind/ L, ME2—10 A LR A
(Kamiyama, 1994) .

AR s M, R, BB R AR 1R & 1 (Kamiyama, 1994) . TE##, 1997 4
6 AVTREIE R IL 4 £ R E P HIBHR,
3.1.4 nano RiFUENY BA & 2—20umMI i B S, FERRFEMBEERL
(heterotrophic nanoflagellates, HNF) fl4f £, RFHERLH AEMB B WYL
o 5 A AR K Y BY 6 T AR R B 9T A £ A (Hansen, 1991; Verity er al, .1993). B3 nano &
7 U 3h i 7 B {8 ) 3 1 9K O% S 5BE (epifluofescence microscope), B AR EAH —EMEE,
M A AR B A BT

ML BA nano IS W PR, Caron(1983) E X MEBEX KT R FRH, 2—
20um A 13 7Y 32 UF 3h 91 49 3 B 24 450—2300ind/ ml, Sherr %5 (1983) BI 45 24 300—4000ind
/ ml, Sherr % (1986) K 45 R Jy 240—4000ind/ ml, FERERKERAH X, 2—20pmi 758 4E
Yy B ORI i sh ) B9 (E #25 8F (Froneman, 1996b). Caron(1983) & B, 7E 2—20pum#) f4 2Y
FHEYP, RREYSEREYOEEIN 0320 NHEBESFETRENTRE,
< 20umK R ALY SR IE A R A YRR 90% LU L, FTLL, SIS R R E AW KE Tk
HREE, EMNEE 2—20umFHEY, RV FHIVERN TETKE. BHiER
FEHEE MM UIE LA RS HER.
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32 HEFHEEYNEKENRBTIEIMNRERE

FHFEMERKEHR 043—0.73d ' (FHE T 0.9—1.6d InfF), #A B2 »H R et 4
MEEEN042—0.69d"". TNHBRELETR BRAKRNER, MRy ERNT
FHHEYHIEE, AR AEKE, ERE. B FRNYERENRORES M IFE, X
ARERE A 20m LFHEWARKB THXRBMEBEE, PPN EEHEARBNE
5. B Landry % (1982) R EHBEZES, ESRAX S BTE S 21 X #1T T O3, X S hf
REGRINE 4 Fin. HWBERZFEHIYTZHEEYRTEYERES N 0%—75%, » 9%
EENOBEEN N 0% —270%. 5% 4 5 XAHL, ¥R yas K Mg Rt
TRREEEZA.

x4 TEBERBIFHDIVHRAESN
Tab.4 Results of microzooplankton grazing experiments conducted in various oceanic environments

from studies employing the dilution technique

Ry SRSy  SHEYAER FOlCIE R

X M o & 4, .
REKEE ) WEREW ) MEREH®%) HBEEEN (%)

Landry % (1982) RO 0.455—0.628  0.065—0.278 6—24 17—52
Landry%% (1984) FREE 12—20 0.1—1.1 29—37 —
Landry% (1995) Gibi:lp R ok 0.22—1.00 0.21—0.72 — 55—83
Burkill% (1987) ZHCeltic Bay — 0.4—10 13—65 —
Strom% (1991) b AR KT 0—0.8 0—0.6 — 40—50
Burkill% (1993) ARILKTVE — - — 39—115
Verity% (1993) k| NihE 2 — — — 37—100
Verity% (1996) 140° Wikl A P73 0.4—1.1 0.2—1.0 — 70—123
Kamiyama(1994) Hiroshima Bay 0.26—1.88 0.2—1.39 15.3—75.2 —
Chavez% (1991) FEARTFHE 0.7 0.5 — 75
Froneman® (1996a) Subtropical 0.07—1.32 0—0.66 14—48 45—81

Convergence
Froneman% (1996b) Lazarev Sea 0.019—0.080 0.012—0.052 1.3—7.0 45—97
Froneman®¥ (1996c) B AKFIHEMBEE AR 0.06—1.87 0—0.58 0—44 0—60

¥ K 7Y 7 R 43

E: —RABERT G

3.3 WBFHhMEDGER. BIRPAER

6 AW R AT S11 85%—100% BB IF M s BT &L, AR L T, K BB Ui 30
PR R F I EYDRFROBR D8 0% —14%). KHFRZHHY RN TRBEL,
ERESFRT 20umMFHFEPED (< 1%), /N T 200mBEEFEX LB WY AFR
MARES. BIARY, KFREFHSYRTOERLERELRBNERTE. LFE
REEHRY. BEFHIVBRVBEEL, B SHTERBARTEERDIDO Y, A
TR RAE = NREFI A ERE, FTU SR PRIVERESESRERANERSGE
FHEEEAA.

XFEFEHORZRAMENERER. HETEYEFR R/, TEE, KT
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BB [F] B, R 038 K B R o S 1 R R S SR A B

it HEBRRYGREGFRSHDLEED AT, PEMSREBERRFY R £
HE e FE B e L LI HRAF, IEBUH M.

2 £ X W

T %, 1992, BEAYRMLREL. BERE, 1. 1821

Burkill P H, Edwards E S, John A W G er al, 1993. Microzooplankton and their herbivorous activity in the
northeastern Atlantic Ocean. Deep—Sea Res II, 40: 479—493

Burkill P H, Mantoura R F C, Llewellyn C A er al/, 1987. Microzooplankton grazing and selectivity of
phytoplankton in coastal waters. Mar Biol, 93: 581—590

Burkill P H, Head E, Fransz G et al, 1990, chapter 18: Grazing by microplankton. JGOFS Report No.6:
core measurement protocols reports of the core measurement working groups, 31—37

Caron D A, 1983. Technique for enumeration of heterotrophic and phototrophic nanoplankton, using
epifluorescence microscpy, and comparison with other procedures. Appl Environ Microscopy, 46: 491—498

Chavez F P, Buck K R, Coale K H er a/, 1991. Growth rates, grazing, sinking, and iron limitation of
equatonial Pacific phytoplankton. Limnor Oceanogr, 36: 1816—1 833

Dussart B M, 1965. Les differentes categories de plancton. Hydrobiologia, 26: 72—74

Froneman P W, Penssinotto R, McQuaid C D, 1996a. Seasonal variations in microzooplankton grazing in
the region of the Subtropical Convergence. Mar Biol, 126: 433—442

Froneman P W, Perissinotto R, 1996b. Microzooplankton grazing and protozooplankton community structure
in the South Atlantic and in the Atlantic sector of the Southern Ocean. Deep—Sea Res I, 43: 703—761

Froneman P W, Perissinotto R, McQuaid C D, 1996c. Dynamics of microplankton communities at the
ice—edge zone of the Lazarev Sea during a summer drogue study. J Plankton Res, 18: 1455—1470

Gifford D J, Dagg M J, 1991. The microzooplankton-mesozooplanktom link: consumption of the planktonic
protozoa by the calanoid Acartia tonsa Dana and Neocalanus plumchrus Murukawa. Mar Microb Food Webs, 5:
161—177

Hansen P J, 1991. Quantitative importance and trophic role of heterotrophic dinoflagellates in a coastal
pelagic food web. Mar Ecol Prog Ser, 73: 253—261

Kamiyama T, 1994. The impact of grazing by microzooplankton in northern Hiroshima Bay, the Seto Inland
Seam, Japan. Mar Biol, 119: 77—88

Landry M R, Hassett R P, 1982, Estimating the grazing impact of marine microplankton. Mar Biol, 67:
283—288

Landry M R, Haas L W, Fagemess V L, 1984. Dynamics of microbial plankton communities: experiments
in Kaneohe Bay, Hawaii. Mar Ecol Prog Ser, 16: 127—133

Landry M R, Constantinou J, Kirshtein J, 1995. Microzooplankton grazing in the central equatorial Pacific
during Febrary and August, 1992. Deep—Sea Res II, 42: 657—671

Sherr E B, Sherr B F, 1983. Enuneration of heterotrophic microprotozoa by epifluorescence microscopy.
Estuar Coast Shelf Sci, 16: 1—7



258 i< S 5 # A 3%

Sherr E B, Sherr B F, Fallon R D er «l, 1986. Small, aloricate ciliates as a major component of the marine
heterotrophic nanoplankton. Limnol Oceanol, 31: 177—183
Strickland J D, Parsons T R, 1972, A practical handbook of seawater analysis, 2nd ed. Bull Fish Res Bd

Can, 167

Strom S L, Welschmeyer N A, 1991. Pigment specific rates of phytoplankton growth and microzooplankton
in the open subarctic Pacific Ocean. Limnol Oceanogr, 36: 50—63

Verity P G, Stoecker D K, Sieracki M E e al, 1993, Grazing, growth and mortality of microzooplankton
during the 1989 North Atlantic spring bloom at 47°N, 18°W. Deep—Sea Res 1, 40: 1793—1 814

Verity P G, Stoecker D K, Sieracki M E er al, 1996. Microzooplankton grazing of primary production at
140°W in the equatorial Pacific. Deep—Sea Res II, 43: 1227—1] 255

MICROZOOPLANKTON AND THEIR GRAZING PRESSURE
ON PHYTOPLANKTON IN BOHAI SEA

ZHANG Wu-chang, WANG Rong

(Institute of Oceanology, The Chinese Academy of Sciences, Qingdao, 266071)

Abstract From June | to 15, 1997, “Science I” completed its Bohai Sea cruise, which was part
of the China GLOBEC program, titled “Ecosystem dynamics and sustainable utilization of living
marine resources in China seas”. Five stations were investigated. Microzooplankton were mainly
composed of ciliate and copepod nauplii. Ciliates, among which Codonellopsis spp. was dominating,
were distributed at station 1, 3 and 5. The density of ciliates was 0—981 ind / L at surface, and no
aloricate ciliate was observed. Copepod nauplii were found at station 1, 3, 4 and 5 with density of

0—87 ind / L. The vertical distribution of microzooplankton is more in surface water than in deep

1 1

water. Phytoplankton growth rate was 0.43—0.73 day- in surface water and 0.22 day~ in bottom
water, phytoplankton was grazed by microzooplankton at a rate of 0.42— 0.69 day™'.
Microzooplankton grazed 34%—49% of the phytoplankton biomass or 85%—101% of the pnmary
production per day. Based on the small number of tintinnidae and nauplii with high grazing pressure,
we conclude that other microzooplankton such as 2—20um ciliates and heterotrophic flagellates are
probably abundant in Bohai Sea.

Key words Bohai Sea Microzooplankton Grazing pressure Tintinnidae

Subject classification number Q958.885.3



