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1511 %5 & (Verity et al, 2010; Dolan et al, 2007), IFiif4h
B HUR ORI Sl ) 0 B R, S B A I TR
BaEs, HEZEEREI, N E MU
Y. 4nTE . MEE AR, [RIAT R IR sh ) A fn 2R 4 R A
PR e, dE— 5 R0, R B W3R
M MY ) ELA, 1R ES RN
ST A P F g 1 U 80 & 75 8 2 B9 /E H (Pierce et al,
1992; Sherr et al, 1988),

VR VS SF T VU, R — A B g s d P 1 U
B, RVFZA T MU = I R Y, X8
Bt 28 55 T CE K o TR IRAR B R AT HE Y
B, HAET, BXFEIMEE 2011 EHEZMEZE 2 MK
KIUHEFELF B H (76 um) Y EJE | A= W8 K Fh IS 2 il
BT THFSE(F A5, 2016)  ARWFFEIRGE T 2015 454 |
B KBS R AR EEM YR T
KRNI A5 UK, JCIRIEATIE LA, BoARSCRE A
TR, BN RRPSELR B AT S, MR X T
WELT B U A IR AR ML | PRI S R BRI IE K ifa
b G UE ) & R HE LA O

1 #wREFE

2015 4EFZ(5 H 12, 14 H), EZ(7 H 23. 24 H)
FFKZEO H 8. 9 H)TEENE LT 1R 1X 15 A~ubf7 ik
IR B RAEEE ), KEN 5~15 m, 7E4uG
P2 HU 1 L JKFE, F Lugol's W IH 5 , KWK E A 1%,

FE ST BB Utermohl(1958) 0 73647, HARTTIE
Z/0 48 h, MWK FE L2 WO, F R
25150 ml, TRABARAE. B 12 ml BT UCREAR I,
£ Olympus IX71 8% W 045 T 100 £5 5K 400 f554
ICRETCFL BR, W BRIWERE, Woeer ERg
Pk B 5 (2012) . FHEIE(1952) 17 2 % 5 ) Fh . ]
AR RSE, EdR R LIk (it
T BRI FHER) T EARRL . A= i AR R IR 5 4 R
$(0.19 pg-C/um®) (Putt et al, 1989)f53k, P74 E i
) PR R 4 B R AR R RT3
HRHEARICALEF (198N AT AR (Y) , AU F
y="g
N
Kb, om RS T RS N D EAMEEL f
R T RPEAS A AL BT R s Y>0.02 B, %A
(UL
5T 4T B R I Z AP R ] Shannon F84U(H")
(Shannon et al, 1949), 2] R H Pielou F8%((J)
(Pielou, 1966), HAX 5T .
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Fig.1 Locations of the sampling stations in the Bohai Bay
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. 2 KEL B R A A AR L
® 1o NER1ATLEWL, s B R EERTFR,

9(2178+1661) ind./L; HF A=A, H(752+748) ind./L.
Tt B A YR E Fhos, N (4.19+4.43) pg-C/L;
BEHRAL, H(1.52+£2.35) ug-C/L. Wber Bl A
YT B 2R [(725+657) ind /L, (1.59+1.41) pg-C/L,
HE R AR[(264+317) ind./L, (0.39£0.41) pg-C/L; £FF
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R A B [(2456+1776) ind. /L], HZEHIK[(1016+
868) ind./L], £F & HAE Wi 2 i =i (5.78+4.45) pg-C/L],
HZHAR[(1.91£2.53) pg-C/L].

3NFENWSEL B LB R RN G
(26.7+23.3)%, K i, h(43.4425.1)%; FARHRAK,
F(12.3£8.1)%, FH N (24.4+22.0)%,

®1 3NEHHFERFERE (ind/L)FEME (ug C/L) TS
Tab.l Variation in the abundance (ind./L) and biomass (ug-C/L) of the ciliates during three seasons
Tore4F B H Aloricate ciliates b5 £F B M Tintinnids £} H Total ciliates
- i £t e Yt 1 bt
Semson | CPYIMEAGIE)  CEMMAGE)  CEIMALE)  CPUMAGE)  CEMAGE) R
Abundance Biomass Abundance Biomass Abundance Biomass
(average/range)  (average/range) (average/range)  (average/range) (average/range)  (average/range)
# (752+748)/ (1.5242.35)/ (264+317)/ (0.394+0.41)/ (1016+868)/ (1.91+2.53)/
Spring 112~2552 0.07~8.60 0~1147 0~1.26 168~2929 0.07~9.06
B (1286+1261)/ (4.19+4.43)/ (725+£657)/ (1.59+1.41)/ (2011£1327)/ (5.78+4.45)/
Summer 66~4446 0.12~14.75 132~2296 0.38~4.80 198~4652 0.97~15.98
Fk (2178+1661)/ (2.57+£2.32)/ (278+284)/ (0.53+0.77)/ (2456+1776)/ (3.11£2.40)/
Autumn 137~5712 0.08~7.33 18~866 0.01~2.38 156~5772 0.08~7.58
LA (1406+1384)/ (2.76£3.31)/ (422+492)/ (0.84+1.08)/ (1828+1475)/ (3.60+3.58)/
Total 66~5712 0.07~14.75 0~2296 (0~4.80) 156~5772 0.07~15.98
22 XEST FERAEEFH.

3 A FE VR 2 6 DX G A AT BRI X, Tt B IR
A= f e A X FE B A AR TR R X AT R
U R A e 1 e (X 32 B A e LR L R e
T IX 5 £F B B FERAE Wi i o M R s S e A B
HEPBI(E 2).

222 EX% HRTo7e 4 & R FERMAEY &
L DX 322 43 A A ] 2 0 DX S 8 e R g 7 30 VR IX
Wb 5e £ B U B Y 5 (X 32 2 A7 7 1 A 3 1 b
RN R L R I, BP e T T A AR Y R (X
Sy A AE VR A ISR A G R X 2R B R E R
AR S TS 4 B LA 3).

223 #=F € W4 e S e Y I KLY/ g =
(B X =5 2 45 A1 7E R A I X% AU 50 30T ot 0 R S S e VA
X5 Wh5ELF B B B Y e (X 32 250 A1 76 R A T 3
JCER AN e HBAUL 21 X, WPse et B A Y i S E X E
LAY E IR A VS8R ) i AT 0 X5 £F T R A
WYy 3 A R a5 5 JEFE AT B R 4),

23 WFELFEHR

231 ArEam  FOHE MEHLEERDRLSE
W8 J& 25 Fp, Hidr 4% HUB (Tintinnopsis) M2 i £,
15 Fh(ER 2). HRYE INPSTAr B AR 220 F),

HBEWAFERZE, 4k B 4% t (Eutintinnus tubulosus) |
R W gr B (Favella campanula) | B &2 o [ £ 1y
(Favella panamensis) 2 JK [GZEHR L (Metacylis jorgensenii)

Y=0.44), 54044 di(Tintinnopsis beroidea, Y=0.11)
F1 544 14 5% H (Tintinnidium primitivum, Y=0.05)., %
) 0044 H A UG 5 e TR 32 B0 A A VR 2 Ve Y P
T, RIS B AR AR A TR AT R R (D 5)
BRI R ZA T 1S H(Tintinnopsis tocantinensis, Y=
0.15) . R A 158 H(Y=0.15) F1 & | ] #0142 B (Tintinnopsis
amoyensis, Y=0.13), Zi5 T 18 HORR LA e ) 255
ATEVEAT TR AR 1, BT UL HR D) S B A A e
MR R (1 6) . FKRIEIAFI R LG 72 H(Y= 0.72),
e XA AR 3T e AL R oA (B 7).

232 vRLEH ¥ b 7E £F & B 048 (Lorica oral
diameter, LOD)XI 73, H BT ERBEETH 5 A
PifRd, 24~28 (H AR )M 32~36 um [ S 4
A N 52 TG 48148 i (Tintinnopsis kofoidi )] 4 k7 42 2H 7
ot BRI, R S B B
() 191 53 1) R 26.4% 01 63.5% , - 2543l 10 ki AR 4,
FLFE 3 DNERIAR A, 24~28 (AR 245 T
By, 28~32 [JRAR 7T B IR IS HU(Tintinnopsis
tubulosa)] &% 32~36 um [ J4LE8 . W 224088 R
(Tintinnopsis chinglanensis) . fiz/MU%S H (Tintinnopsis
mini may) F1 1378 48144 1L (Tintinnopsis tubul osoides) (1)
PR A2 b 5 36 s R B Y LU0 0 B 22.9%
18.7%K11 26.2%. FKZ=43R 6 MRIARL, ALG 1 ANEAHRL
FR2H ,28~32 pum BRI L [HRIKZEEE HL (Amphorellopsis
acuta) FJi b5 4 7 U B b s e B R S R EERY L
4 75.8% (&l 8).
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Fig.2 The horizontal distribution of the abundance (ind./L) and biomass (pg-C/L)
of aloricate ciliates, tintinnids and total ciliates in the spring
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Fig.3 The horizontal distribution of the abundance (ind./L) and biomass (pg-C/L)
of aloricate ciliates, tintinnids and total ciliates in the summer



1 TS I R R A T T R AE Y R T AR 41
°N
39.2 ¢
39.0
38.8
T B FRE
186 ) Aloricatq ciliate abul}dance ) Ti‘ntinnid aburlldance ‘ Totall ciliate abupdance
117.4 117.6 117.8 118.0 °E 117.4 117.6 117.8 118.0 °E 117.4 117.6 117.8 118.0°E
°N
392 F . :
G
39.0 | -
38.8 ‘ q.) />)(> Q L
) 2L :
KA R DAL iR S A R
386 . Aloricte ciliate biomass . Tintinnid biomass . Total ciliate biomass
117.4 117.6 117.8 118.0 °E 117.4 117.6 117.8 118.0 °E 1174 117.6 117.8 118.0°E
K4 FFEFoeer Bl wbresl B R L B RFJE (ind /L) A Ayt (ng- C/L) I 7K F- 0 A
Fig.4 Horizontal distribution in terms of abundance (ind./L) and biomass (ng-C/L)
of aloricate ciliates, tintinnids and total ciliates in autumn
HEUEAEIRE RN, G125 um, B 3 iFif
R, 43 914(35.948.2)F1(34.8+5.2) pm, A4
S B R AERERRRD, HATAS%

FERFE, DRJEREIFE 24~36 um AURPFELF B R (RIEE
S NN e il E L= R E i N SR (Y o E N 2
FOFLES L. T 22 R | SR ICHIS L /MBS He
T TS L RIS HORN R AUL AL ) 2 i g T
WO SE 27 T AR R SR, HA B S bseer Bl
SR 44.0% , HAFRE T Rbe2F B AU R R 82.6%,
FEKTF 60 pum WAPFELT B R H B HK
(%l 8).

233 BEA4rAE HZW 7L B HBEYS Shannon
FRBON 218 H49(0.93+0.55), fe kMl M 1.70, HIRAE
153 ; Pielou f840 A V- H41{H 4 (0.62+0.34), f KA N
0.92, HIFE 3 Sk, HEMT T REEYS Shannon
FEB M8 Hy(2.13+0.43), R KMH N 3.24, HIFE
353l ; Pielou FEEUA-F- 1K 4 (0.81+0.13), R A(EHH
0.98, HBLAE 3 Suli. BKERFEL £ HRFEYS Shannon
FRBON 218 4(0.85+0.75), Fe kMl l 1.82, HIRAE
11 53k ; Pielou #8440/ F-¥{E $4(0.50+0.43), R KfH
4 1.00, HELAE 13 50k,

(2016)HF5T T 201 1 4E 35 2= F1 L 22 R AURD 72 21 & A Fh
FMFERE AR B YD SRS Jo s 4 B+
B, HfER. 2. 3 MR EFERAEER
50%LA L, ToFELr B O I I R A B R A LA
B, PRGSO Y N b P R A

XJ T A2 55 (2016) PR O RE i, ABFFEEE 1 UGHE
i R ALK FE I 7 I S I VS D e £ R
e Rb AT B AR LU RS 2. AR H 2
FE 2011 AR 2 (TH5%, 2016)2 %5 H 9 FhRb5E4r Bl
[ PG5 2 W7 2544 H1(Codonellopsis lusitanica), 451k EL4%
| T B4 i (Leprotintinnus simplex) . JK FG2EHR A |
HARPR B ELBHU4S B (Tintinnopsis directa) . %5/
%% d1(Tintinnopsis nana) . & IR I04% du A IR 1048
WY, HZ /NG ER, b Bl aE£E
A 6%, Z5HRFW, BEIRMWRAE M T DURAE KR
STOLEIERE , (BT it — 2 T2 BN = /N e 2
T, RMERW T ad R, 5 EAT
o R SR IK W 7 R e 45 B TS A, B4
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Tab.2 The species list of tintinnids in the spring, summer and autumn
thc4 LT 4 BERRFE RS YN 3 ERARFE (WEEFENGH

Chinese Latin Max abundance in Max abundance in the Max abundance in LOD
name name the spring (ind./L) summer (ind./L) the autumn (ind./L) (um)
N A. acuta - - 46 28~32
BV A4S C. lusitanica - 224 - 20~24
B R Codonellopsis mobilis 63 - - 56~60
(ERINER: E. s tubulosus - 52 - 20~24
Bl R £ F. campanula - 45 - 68~72
[ B I (R 5 F. panamensis - 103 - >80
i G AL Leprotintinnus nordaqvisti - 110 50 40~44
i A% L. simplex 31 19 45 52~56
JEFR2eHr M. jorgensenii - 17 - 52~56
JE i i 52 T. primitivum 400 983 866 28~32
JZT 10045 B T. amoyensis - 1605 89 32~36
EE R/ T. beroidea 293 69 20 24~28
R OEEY T. baltica 588 - - 32~36
A TG4 He T. butschlii - 52 - 76~80
bk 1 Lo T. chinglanensis - 86 - 32~36
HE S AT T. directa - 16 - 40~44
5 FRALLA% T. kofoidi 55 - - 32~36
BRI R T. lohmanni - 93 _ 44~48
TR/ MULES T. minima - 90 _ 3236
Ve T. nana - 22 _ 2024
HREARALLFE T. radix - 56 - 44~48
Hr FRADLA% T. schotti - - 83 >80
ZH T SR T. tocantinensis - 432 - 24~28
RIS B T. tubulosa - 34 - 28~32
FARALIES T. tubul osoides - 67 83 32~36

NS OB R SR R
*New record in the Bohai Bay, —: Not recorded
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Fig.5

The horizontal distribution of the abundance dominant tintinnid (ind./L) in the spring (Scale bar: 25 pum)
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Seasonal Variations of Planktonic Ciliatesin the Coastal Area of the Bohai Bay

YU Ying', ZHOU Feng?, FANG Enjun', GUO Biao', ZHANG Bolun', ZHANG Wuchang®”

(1. Tianjin Bohai Sea Fisheries Research Ingtitute, Tianjin  300457; 2. Sate Key Laboratory of Satellite Ocean Environment
Dynamics, Second I nstitute of Oceanography, Sate Oceanic Administration, Hangzhou 310012;
3. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanol ogy,
Chinese Academy of Sciences, Qingdao  266071)

Abstract Studies on the abundance and biomass of planktonic ciliates were conducted in the Bohai
Bay during spring (May), summer (July) and autumn (September) of 2015. Fifteen stations were
investigated in each season. One-liter sample of seawater from the surface layer was collected and fixed in
1% acid Lugol’s iodine solution. Water samples were pre-concentrated using the Utermohl method and
observed using an Olympus IX71 inverted microscope. The dimensions of the ciliates were measured and
the cell volume of each species was estimated using appropriate geometric shapes. The carbon/volume
ratio used to calculate the biomass was 0.19 pg C/um’. The classification of tintinnids was based on
previous literatures about taxonomy. The abundance and biomass of ciliates and the community structure
varied in the three seasons. The average abundance of ciliates in the spring, summer and autumn was (1016+
868) ind./L, (2011+1327) ind./L and (2456+1776) ind./L respectively. The average biomass of ciliates in
the spring, summer and autumn was (1.91+2.53) ug-C/L, (5.78+4.45) pg-C/L and (3.11£2.40) pg-C/L
respectively. Tintinnids accounted for (26.7+23.3)% of the total ciliate abundance, and the value was the
highest in the summer (43.4%+25.1%) and the lowest in the autumn (12.3%+8.1%). Aloricate ciliates and
tintinnids exhibited different distribution patterns. The abundance and biomass of aloricate ciliates were
higher in the coastal and offshore areas, while tintinnids tended to accumulate in the coastal area. Twenty
five tintinnid species were identified that belonged to 8 genera, 15 of which were in genus Tintinnopsis.
The most dominant species were Tintinnopsis baltica, Tintinnopsis beroidea and Tintinnidium primitivum
in the spring. The most dominant species were Tintinnopsis tocantinensis, Tintinnidium primitivum and
Tintinnopsis amoyensis in the summer. The most dominant specie was Tintinnidium primitivum in the
autumn. The lorica oral diameter of the tintinnid community was larger in the summer [(35.9+8.2) um]
and autumn [(34.8£5.2) um] than in the spring [(31.5+2.5) pm]. The Shannon index and Pielou index of
the tintinnid community were both higher in the summer than in the spring and autumn. Our study may
provide basic data for the future research on both the planktonic ecosystem and the development of the
fishery industry.
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