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FE 2008 4E 8 ANEH] 10 A%, FI P76 Bk PR <200, <100 wm FI<<20 wm 3 0% GO0 02 3368 5 00 ) B2 S AL ) 1) 45
BEAIATTHIE, LT T 3 WREFRICE, 45 R W 1R 0 24 KR 0. 0834 — 0. 4498/d, I ALF IR sh W R B o0
0. 1212 —0.2998/d , i 77 i Sh 4 2 ST WA Y B K R IUAE (g k) M 0. 4271 —3.4901 , (5 R AEY BUAE = 0 11, 41% —
25.90% , KRG AE P I )1 9 48.20% — 314. 69% ., <20 wm IS R B R X I WA M AR B A R e
A Sy, BRI s ( <200 wm) BUAHSE L BIFE R R 73.85% — 97.69% 76.67% — 97.91% 78.87% — 98.59% , X3
W <20 pm SERITRIE S L =20 wm B9 77307 30 7 o R 57 58 R 5 01 30 R A 7 20 R 0 SR 0 35 D Tk 8 O S A
RABIA TR S 5 TR R s S R T R MR SR P S

Study on microzooplankton grazing in shrimp pond among middle and late

shrimp culture period

ZHANG Litong'?, SUN Yao™ ", ZHAO Congming’, WANG Yanhuai’, TAN Menglong’
1 College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266003, China

2 Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China

3 Lida Seawater Resource Development Lid. in Tianjin, Tianjin 300280, China

Abstract ;. Phytoplankton growth and microzooplankton herbivory studies in three size fractions ( <20, <100, <200 pm)
were studied using the in situ dilution technique from the end of August to the beginning of October in 2008 in a shrimp
pond in Tianjin, China. Waters used in the dilution incubations were mixed waters sampled from four points in the pond:
the inlet, outlet and middle points of both sides of the square-shaped pond. The waters were filtered through meshes with
aperture sizes of 20, 100 pm and 200 wm to make sized fractionated waters as <20, <100 pm and <200 pm. PFW
(particle-free water) was used to dilute the size fractionated waters to four dilution series of 0% , 25% , 50% , 75% . The
microzooplankton grazing rate and phytoplankton growth rate were estimated by the linear regression of AGR ( apparent
growth rate) versus d (dilution factor). Microzooplankton grazing impact on phytoplankton was estimated by calculating
phytoplankton net growth rate, percentage of phytoplankton standing stock ingested, percentage of primary production
ingested. The coupling between microzooplankton grazing rate (g) and phytoplankton growth rate (%) was demonstrated
with the ratio g k.

Chlorophyll a concentrations varied widely (32.41 — 50. 83 pg/L) in 31 August, 19 September and 3 October.
Smaller phytoplankton ( <20 pm) consistently dominated the phytoplankton communities in the whole culture time,
contributing over 90% of chlorophyll a biomass of <200 pwm. Phytoplankton growth rates of 3 dilution incubations were
0. 0834 to 0.4498/d. Microzooplankton grazing rates changed from 0.1212 to 0.2998/d. The ratio of g :k was 0. 4271 to
3.4901. Microzooplankton grazing pressure on the phytoplankton initial stock and primary production varied from 11. 41%
t0 25.90% and 48.20% to 314.69% , respectively. In the 19 September, microzooplankton grazing rates reached the
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maximum value, followed by microzooplankton grazing pressure on the phytoplankton initial stock and primary production.
But microzooplankton grazing pressure on phytoplankton primary production was too high, and the ratio of g :k varied
widely. This was because that phytoplankton may not adapt to the environment to grow slowly and even die, while the
microzooplankton grazing rate showed the relatively higher value, with rainfall increasing but temperature decreasing in
coming autumn. Compared with the other regions around the world, the microzooplankton grazing pressure in shrimp pond
was in the middle of the range of measurements elsewhere. The coupling between microzooplankton grazing and
phytoplankton growth was good.

In the same group, microzooplankton grazing rates, microzooplankton grazing pressure on the phytoplankton initial
stock and primary production changed slightly. < 20 pm microzooplankton grazing rates, grazing pressure on the
phytoplankton initial stocks and primary production contributed 73. 85% — 97. 69% , 76. 67% — 97.91% , 78. 87% —
98.59% of microzooplankton ( <200 pm ), respectively. These results showed that small-celled microzooplankton
( <20 pwm) was ubiquitous and played more important role in energy transmission and nutrients regeneration in the middle

and late shrimp culture period of shrimp pond.

Key Words: microzooplankton; phytoplankton; grazing pressure; the middle and late shrimp culture period of shrimp pond
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XTUR AR RGP BE . ORI S A K IR AR S R G A AR, A WF 58 E 58, T 0 V7 it 3 0 11
FEAKAARMI G 7= F1 035 75% |, IHFETRIF R BT 2 3k 65% ',

T IF e S Y2 AR AR /INT 200 wm TRIFSIY), B ALHE THGR K, A B M h ARG BRI AF B MR
HURNH FE2R IR, 2/ NV B SR VR WA A 5 K rh RV Sh ) 1 B FR v A AR S R SRR R
SRR IR E TR A, [ 1982 4F Landry 1 Hassett 42 H i B BIFFE I PR WOR 77 T sh ) O 1% 22 5%
Wi LA | AR 2 B AR B 2 AT T T 2 A RIS TAEDT b [ 2 0 s ) 45 F e A A
(ELIE: rp 2 e v R T IR A I 5 1O R R b B T T R TR0 B X R AL B B IR A T

IR R A RN R HUAR B SR 2 A28l T BT TR W X B 1 3 3 R 0 24 rh o4 i 2 1L
KRR HREAMEH , T ANEE A R 2 AT T OB R i s A A AR g o IR
T3S, AR A RSN B N TR IR AR S R g b, XTERSRGE 5 B, KT8 3R R
HEE RE OGRE T, IR RS B, A SR TE T A [P AR PR s W xR I B 9Ok
PRVIRT AR IR 58 b 5 BRI (0 0 G A 7 0 R/ N IR e A 0 RO VE T, M BRI A 25 R e 1R e U006 A 2 Sy A 7Y
PEALSLRITERE
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1.1 ERSEA A O

W3 Ry RS TR AR IR T R AR R 1 R AR 13340 m® , KIRZY 1.5 m, FRFENT 5 h B 36 FI X
R, ZIFHETE S A AT, R B R 30—45 ind/m’® ., MR TS TR K AR Ak RN A IR B B 4K
FRR /K 2 He it 2 R S I K 2 1Y) 5% —15%

1.2 A AR

2008 4 8 HKZE 10 AW E W RAE R MRS K 0 & 53 AP R ) i, SRAE RIS FR I (a1 12 |
5 SRR T SR, BRI AR HEK T,

SRAERT, W TSEAL IE AT Y YSI(6600 W 5E £5 RAE AL I pH, S5 T4 RAESUKHE LR 30 em
b MIELL 30 em b, FIZ 109% HCL R 1.5 L A BRES A HU 1.5 LK, RS, BURS) G MK ke
200 mL, i KB A Whatman GF/F % f# T 250 mL B 2 /F 08 F23h I5E AORE &L B 3R
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E H BRI PR PR AT S (GB 12763-91) 47,
1.3 WRUEROR R Sh Y R

WALl sh Y HR R I RE I & . H 32 HIFLAEN 0.7 pm () Whatman GF/F ¥ I 4T 4k g 5
I UEASRAE SR A5 BYERIEFRGEK , 4 16 LRI . SRS R M B 0:1 ,1:3 \1:1 3:1 55 4 il o5l 5
21200 wm 100 wm 20 wm Gi4H B8R A SRS S FERIESR K BIZIR G , 73 T 1.6 L RIKIRERE M,
B TLBIE P PATHE, L 12 DM 142 TERJEKTE T 50 em &b, THEE, 5555 24 h, SREEREFRHIG BIKEE
£ 100 mL, 0.7 pm #Y Whatman GF/F BEIEF4ENEALT I8, N 5 mL 90% (RFR5340) WERAEH 14—24 h, R
FHZSCICRE B e KR4 2R a VRIE

M8 HJEEN 10 AHI, 28 1 3 ¥k 3 SRR RESEE .
1.4 (RPRIE S I A ) AT BRI AR 7 O A B R A S v

il RN I B SRR 23 A [m] (9 7 1 2 45 12 3R WA 4 38 (apparent growth rate , AGR) :

AGR = In(P,/P,)/t = dxg + k

A e(d) SRR, P AL P35l I ) BUAF S BRI LR 8 ( g/ L) M T ((g/L) ,d AR, g
S IE WS P IR B R (A7) Lk TR AE KR (d ) .

TR I Ui 20 0 R PR AL A0 %) 0 5 e PR TSR 7 i 3 0 T i AL ) A i R 8 £ R T (P,) RO PR i AL )
WIFA = ST TR (P,) KRR

P.= ((Cyxe"'=Cy)=(Cyxe™™ =C,) ) /Cyx100%
P,= ((Cyxe"=Cy)=(Cyxe"™ =C,) )/ (Cyxe"~C,) x100%

K, C WG IO B2 A I A ) Bl & 1 ( (g/L)
2 R
2.1 URSERREE AT

1, 8 KE 10 A4, iR/ (1)} 30. 11—20.25 °C , EFFEARHS, EhEE(S) 1 pH 2Rk F-Fa , H
FREh N 36.93—32.25,pH 4 8. 18—8.55, £ (NH,-N) &4 20. 12—84. 39 pmol/L, Wil 2 £k (NO,-N)
RN 12—1.75 pmol/L, fi§ AR R (NO,-N) i 7. 88—52. 12 pmol/L & &, i% P i B2 £k (PO,-P) & & N
0.5415—2.223 wmol/L, M4¢% a(chl-a) & &4 32.41—51. 64 pg/L,

R1 RERESH

Table 1 Environmental parameters in shrimp pond

] KR . et AR ER TR TG PR R R R
Time t/°C S pH NH,-N NO,-N NO;-N pO,-P chl-a

/( pmol/L) /( pmol/L) /( pmol/L) / ( pmol/L) /(pg/L)
2008-08-31 30.11 36.93 8.18 20.12 1.32 7.88 0.54 32.41
2008-09-19 25.20 32.56 8.43 84.39 1.12 52.12 1.58 43.57
2008-10-3 20.25 32.25 8.55 75.24 1.75 48.56 2.2 51.64

2.2 TRRESLERAE R

SLEGEER N 2, Hd RMEN 0.2163—0. 9112, KAK W IR 48 3 a &k 32. 41—50. 83 pe/L, 17
T SRR I R %R 0. 1212—0. 2998 /d, THIFHE I AL KR kR 0. 0834—0. 4498/d , Tl F 77 Ui o
YRR PAT S B TR Sl 11, 419% —25. 90% , X} 7 I A W0 40 4= 72 1 B TR J1 K 48.20% —
314.69% .

Hor 9 H ) 3 AR AR ER K 0. 2214—0. 2755/, B TR0 sh W) 5o V7 A B R S B R
G310 19. 86% —25.90% , XFIF A MIHI ML 7= I W E B e 7143 3R 248.20% —314. 69% , R 3 41H6 R 5L 50
HHURH A SRR P i B WA B R N A B AR B R ) XTI AR 7 T AR B R S o B R — 4 T
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WA A K R AE 3 20 P /N, 7 0. 0834—0. 0891/d, 10 H ¥ 3 R TF I K RE K, H
0.3837—0.4498/d, 8 AKX 3 MR I H R/, 7 0.1212—0. 1448/d

®2 3IMHBMEZHDYINZFHEYVNERER

Table 2 The results of three size fraction microzooplankton grazing pressure on phytoplankton

A} 18] Time Kk t/C K% Size/ pm R? k/d! g/d™! gk P,/ % P,/% G
/(ng/L)

2008-08-31 30. 1 <200 0.2163 0.2295 0.1448 0. 6309 13.48 65.74 35.64
<100 0.6976 0.1908 0.1335 0.6997 12.50 71.95 34.62

<20 0.9107 0.2152 0.1212 0.5632 11.41 58.95 32.41

2008-09-19 25.2 <200 0.8540 0.0859 0.2998 3.4901 25.90 314.69 45.95
<100 0.4758 0.0891 0.2755 3.0920 24.08 282.49 43.57

<20 0.7788 0.0834 0.2214 2.6547 19.86 248.20 41.58

2008-10-03 20.2 <200 0.9112 0. 4498 0.1949 0.4333 17.71 48.89 50. 83
<100 0.4772 0.3837 0.1929 0.5027 17.54 55.05 50. 81

<20 0.6827 0.4458 0. 1904 0.4271 17.34 48.20 50.12

ke OB PEIAE A W A 3 g D TR U S X TR AR A B R s g < e D BRI U Sl 45 B AT e A 0 A A R ) LA s P, R Bl T
Y PRI B R BT T s P, D PR B S R R A A A 7 TR BE R T 5 Co ARIIRM SR E a (Chl a) S8

2.3 RIRVRIR IR TR S X PR A B B g

3R 2 PR FEA BB AT BEAE BLGL I8N, W14 3R a i R AR 67 Ui ) LA 1 1Y)
BRI KRR R A 1 B R ) S SRR T 2 N

[ RG240 N B A LGRS PEIAAR ) AE i A T /D . <20 wm SRSV AT A ) o o (OB VR DA
Y1 (<200 pm) B4 K5, 35 90% LA F, i <100 pm FEBSPEHFAEYI I 93% LA L 3 5b, R AN [RDR0 AR 1Y 57
VA A R St T LT A A5 | 30 1 1 5 7K AR H R TR 7 i L 400 A T DA ) BRAT i o e O A SR S A
PR, ZEABIFTE R, AN [R) AL SR R 7 Ui s 0 0 7 W AP 00 1 B £ T LA VR S 76 A [R) PR AR ) A o T AT 1
M8 HJEE] 10 A1 3 45, <20 wm T VRIS P8 2 5 WP Y B S AT R 7 ) T
T3, GO R S (<200 wm) B9 AH S HG S LR 73, 85% —97. 69% (. 76. 67% —97. 91% . 78. 87% —
98.59% ,
3 g
3.1 TRV S T IR A R

3 AR SR BT W sh Y R 45 5 . PRUFIE Y AE KR R -0. 63—3. 30/d, UM PR iF sh )4 12
R 0—3. 86/d , THHI PR S T IR A ) IR AF 1 B B R 1o 11% —811. 69% , X W1 A= 7= 1 I H B e
0.20%—467.88% . 53 3 WrHNWFFE KIS LL , MRS PR i s B 2 45 R A X S L 2 N

Horr #E 9 A i apkigedl v, SO PR S PRI I R A 7 BB R At v, 3 AR R B R
ML T 200% |, SRRV e sh B B R IAAE ) A KR HUAE (g k) M 2. 655—3.490, HEE P EFK (9 H
22 H ) AT R RR R, KA I, R I b DB 730 22 K, T WA A0 PT e T RE AR DRI 07 PR 1 A 4
GeNg AU MR PR S ) B B A A S R Y . XA IE T Strom A5 5C T s M) R
XHFUAEY) L KRS PER TS (g k) SR IHY A 2 R g |

[T Strom 2542 H [iRZ5I8 41, Froneman 2576 Fd IF Kariega 75 HF 58 45 b s |, SR P sh W) RN IR I AL )
BRI ATERY ARSI R BR T 9 H s AR AR RS , HoE AR IR i s e R T e A R
RIH(g:k) N 0.4271—0. 6997 FhAPERLF . X FERXFIF R G, KRB R FEE OGRS,
TR R BAE . N 1 s, A8 R 3N 10 A4, FRIFAEY AR Wy ar g hn 173k 1. 6 A%, Mifs 8 v i sh 9 1)
BEESR AR AR NI A KR A3 (B2 10 AR sh SR B A k(£ 2), Al L, 1k
Wi 77 Ui R A A e ) B, AR U s 4 1 A i B T
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Table 3 The results of microzooplankton grazing pressure in various waters
5T M5 Station H18] Time k/d! g/d”! P/ % P,/ %
TRIE R The equatorial Pacific 1995 0.2—0.7 0.2—1.0 70—105 123—133
jfi‘jﬁﬁ’i :J:f"f[ :;m 1994—1996 0.09—2. 69 0.00—2.1 — —
715 Bohai Sea 1997 0.23—0.73 0.42—0.69 34.66—49. 89 85.32—101.66
ggﬁijsﬁg l:f the North Sea 1998 0.13—0.67 0.27—1.14 24—68 53—341
ELAE 3 12 The Barents Sea 1999 0.19—0.45 0.14—0.44 18—57 69—96
22 o7 kg yas (6]
i{taiie‘%fi: Of North Quecnsland 1999 0.58—1.68 0.38—2.13 — >120
k31 Hong Kong waters 2000 0.98—1.04 0.71—1.56 144—210 79—127
JE T AREF ) Xinglin shrimp pond 2000 0.40—1.01 0.58—1.32 43.90—73.40  115.23—193.52
2001 0.18—0.96 0.20—0.26 18.43—22.51  37.47—111.31
FETEBRI 2 ) Texas coast 2001 0.30—1.64 0.26—1.76 — 0.2—46
#E1) East China Sea 2002 0.31—2.48 0.28—1.13 35.14—811.69  74.04—203.25
=171 Sanmen Bay 2002—2003 0.25—0.89 0.18—0.68 16—49 58—84
Jinhae Bay!?!! 2002—2003 -0.63—2.08 0—3.86 — —
JE [ T 22 Xiamen Waters 2003-05 2.41—2.43 0.78—1.32 54.23—73.20 59.59—80.26
2003-08 1.94—2.43 0.91—1.32 59.65—94.47  69.62—99.43
J5EJH 725 13 Jiaozhou Bay 2003 # 0.18—0.44 0.12—1.47 17.56—92.19  31.77—467.88
2003 & 0.38—0.71 0.27—0. 60 34.60—83.04  71.28—98.80
K% %] Daya Bay 2004-12 0.18—1.19 1.00—2.08 76—287 101—445
2005-03 0.16—1.14 0.33—1.74 47—258 70—330
B2 Taiwan Strait 2005-03 0.36—0.50 0.12—0.30 11—26 28—84
=525 Taiwan Strait 2005-08 0.9—1.32 0.85—1.79 57—83 72—92
2005-11 1.81—3.30 1.29—2.57 78—140 87—98

ke RN A AR A o SRR PR Sl R B AR O B 3 5 Py S IR S 0 X T B AL ) IR e SR L TR T 5 Pp SRR 3
YIS PRI A 7 T BB T 5 — R Bk Z B

3.2 <20 wm FEORIF IR S W AE X R SR A H E IR SEY I | AR 0 7R

8 HARH 10 H¥], <20 wm AVIFIESh 46 6 56 X T7 WA ) 30 AE & AR 92k 77 W4 & e 7, o
RIS (<200 pm) FURE G FE BTG Bl R 73. 85% —97.69% [76.67% —97.91% [78. 87% —98.59% , ViHH /)N
KL i S AE R A S RGPl B T 4 B A VE R ANBE G ORI S TR RO R T REX PRI
HIPR SN EZ A PR BRI R O i sh ) B R S, A B SO K B I i s ) T
B, IR A 77 T ik B0 A8 = B FR 90, TRV ) K R G AR 7 ) Il 35 v v S P ik s R PR B
BEAVERY LR AR RS R G R W NN B A T AR R . BT LAFE X I 5% 5 P R 3, 0 i o
<20 wmfdAY SN , X RE A S AN BT E PR A B 1 O SRR
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