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R A, {4528 [ A H R AR & &
el e AT HL AR S S0 10 AR 25 5 Fh IR Rl AR
KZE T 2R, DA, fy-0F. fE-8 .
i - A SR AW IR R RS 25 B R R, B
IKFERAE 5K Sh Y SR A AR S &, R AT RE K
RS =4 RYEAM AR, BEAT 345 1
B G K R PR B A 28 0 5 A AR, W
A BT R 2 dh s H AR R A SR R 7 i T 2
Ko

WA miK T HE B A S AMREHELGS
Py s, ARG REAE 1300 Z4EHTHY
FEARE A SCFIeES, B4 TIRAR KD &
AL B, HAH HRE A RG S
T AR AL R D S5, KRR
FERCFE, A SRy o 0 T e Bl A Y LAY
2005 AE P A R UYL i 5L i Bk
Mk Ak 35 7= (Globally Important Agricultural Her-
itage System, GIAHS)"', # HFFfattE Rg by
T H W (Cyprinus carpio gingtianensis) & —Ff
2t KA . TR RIAT Sy e B A A R
BE n B 7 BEAY SOKRE AR R A EAE Y,
SETT H SHAR I M X e e SR pa A 2R, B
i (Opsariichthys bidens) >} H 111 [} 3 # UL 46
2, CA FIH KU s i N T3R5 1) i) 8
BU, AR T H Y oA T U S A A
TR E L, B R LA O Ey A0 e AR S
IRBE S S 57K R AR FAE T A 5T 4

TR SN A KB S Y 2 K AE B R 5
P E B NS, CA MR R . 1A
K SE KA BRAG IR -, KR & 3R K
U R NE R B Y A, DLREYI R,
WA= ) RN s e &, AR
SR UIFF 200 ) R R R JEC VS 3 ) ) A s 4t v S
FHEE . SR, BASEAKEM L, KRS HEA

IKET RN KR OKTREL/IN) « FREEARNT S AT
7K SO AR SRR A Y O KR 25 Bl g
RGN AT IR SN ) AN R IR A Bl ) B TR 5 A Y
o RIE R D, CA TS B0 R B SR 5
Hh A€ 24 B & (Eviocheir sinensis). i, K 5 ES W
(Procambarus clarkii) F (C. carpio) 55 ", 7
SIS U Ryt AR S Ak s Y R £
A 248 i R S R LA S ) B R T 4
FARRE R BT sh A AT SY, LU R AN [A) £
& (K I3 7 Fef FH B 5 170 P £ R i 2R B
) R A TR A0 1A H b R s ) R AL AR 2l )
PIFNSE . B . B2 A0 B GRS S
PR RS 0 B R LA L], Ak — 2P g LR A
Fh AR A9 AR SR R AL LRI B
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1.1 LI m, SLNFHEHS AR BERF$RIT

SIS RS AV T LA B R R
B (28°3'13"N, 120°14'47"E), Y4#b A A5 2
RS, AR 18 °C, AR R 1407
mm, YHUAE SR A AR O fa
MK ARG Bk, —HANRSE

SEYSFE H AR G A A R, R AR
#9200 m*; A H K JJEEE 20~35 cm, JKIE 30~
60 cm([H =5 KoK R A= K AR fb ), HE 3 & B 40
cm, HIEMIA 50 cm /& BG e iR K PR ik 5% . 5 18
& -H 1 (rice - carp field, RC), FF-5 744 (rice -
Chinese hooksnout carp field, RCHC) I /K fF H.4F
M (rice field without fish, RWF) 434H , HR4H 11X &
2 K17

H 4 2 AR L A Y e S HE, AR5 o
FIE 2021 S F KR AAT (4 7). ZFKE
WA (7 A BKEKFEEHAE 9 H) 12020
AEAC TR AR BLASCHI AT (12 7)) RS 50 e FH ) 7
e sh W) AN K B Sh ) AT R A SR A . 4 R
FEBIBEREAE NS K1Y 17 7:00—9:00, LAk 5 /<,
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1.2 SCIGHAERY HH (8) &1
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PEAKEFIHE KSR . SEEG I F e B e B K .
KRS SRR e 177, 4 A FAH&F, 5 A
IR, K2 200d, KREBIRTT, R
HEAIE, ZKF S ABHEI T L, Ha
G P R ST 2R EE 4 1 O (120+16) F
(20£5) g, PR 4y 51k 2 F1 8 FB/m?, [FF
ki —2; #lE 2T, 8 H 2 13:30
PR T FC A kL

1.3 FHMRELEESEELWRERE

T S W ) M S B SRR IR (IR
IKTEIE AT ) U, M S R A
25 SRR A Y B WU R B B, R COR 4R 1
min;  FSEKME 7 5850 vk, Rk 4 K
FEEE N TCHE R LM, ISR 4% Z R H
M e, ZRHPEERE R EMERAE 4 °C VKA
PRAE . TEERELI T, RIS HA 4 RAE
Pl KA I 751 B = ) N 1 T
MUPRAE 5 LKA RRHRSLES 34k 20 L KA,
KBS 25 SRR E N 2 a8 . W45, T
2 100 mL TR M, AR 4%
ZRWEE, ke /AR E T 4 °C IKFATRAE

WS E R ENE . EEAES, BTEHE
24 h, HWEW L L2, FH Nikon 80i i
M JERAR], HA) #HITARARTE S,
Y e FEARYE ChERRKEHE) U7 (rh
E P& RKE A ) "R (P E & IR
AKAREIE) W, X EFES, A 1 mL e
Y ER, 2RI T 2T EOR R %
(ML), FIH WPS Office Excel 2020 %4 X 3545
() T AT B s S B 2 . AT R A K

Shannon-Wiener Z £ PEFE 50 (H) 1A

H' == [(n/N)xIn (n:/N)] (1)
Simpson ZHEMEFREL (D) THEA
D=1~ /Ny @

Pielou Y5 FEFR AL (J) TR A
J =H'|H  (Hpy =1nS) 3)
KPR BATS TARsT 12 5 5K 7
SRR I A B4

L #E Dominance (Y) 115 AZ

Y =n;- fi/N 4)
AP, n MR AR, N A BT R R A
K%, S AWMIRNEL. £ Bl it IRAE 5l A B
ROARWG R AR EEN, £ BRI 1, Y>0.1
SRR, 0.01<Y<0.1 Jy WA,

{5 FH SPSS 25.0 {4 X # A5 By 5 & Kk ok
PR R T 200 2 5 B MR

14 KBERBNPRELETESEE=LWRIE
Vop7

TE S5 e BRI i, {1716 m?
WA R AIZEUER e, EE 2K, KIerER
A A 60 B A1 100 H 4 @ imst 224, M
M E R EAAREE T, ST kKR
WS, TIW R LR 4% 2 5 F
%E, 4°C vKFPRAE . FIH Nikon SMZ1500 141
AR JEREA A, HZ) Fl Nikon 80i 5% 1l
B TR AL AL, RIS (i ERKAEY
FE ) B (R EAR D Rl A ) BT R
e (DBPRALEE E R R ). VP EEEE,
B KA A Sl W BT WK AR b e o T 2K A
T2 — BT RPFRE, IR 2 308 AL
ST B (1Y), YRR RO A G
BE A By 1k R PRI h ) R M 5 L
BRI TR

s+ EH
2 iR

2.1 SERFThHDEE AR

HoRERNFEWE Y 3050, 3@ 2174 H
OFRL, Hrpd i SR 16 Fl, B 2FTHN,
B 1R 6 i Fo A 5 iR s i A 2R 4k
1 53.3%, W2 THRERMEMAE. I
SRR R SRS S Y 34.7%, BUA
ik 24.5%, BRI R 40.6%. JTLBE
JK & (Cyclops vicinus), " /NS K & (Micro-
cyclops intermedius) . "2 16%E 56 H (Brachionus
calyciflorus) 7F 3 Z5HG H rh 4R R I A Fp .,
ML UP 8 (Scapholeberis mucronata). Y1 F H

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn



B Sy, 45

IK7A 4R, 2025, 49(3): 039308

& (Pleuroxus laevis) TEBR 7 H AN RAERT BCTE 3
A B B S AR, R 20 RS R (Euch-
lanis dilatata) TEFE 9 H M9 R AE B B ¥4 A £ 2
. FELFAREEE L (Monostyla bulla) {XAE 9 A Ky
JK AR AR H S A3, XU [R) 2 48 L (Diur-
ella bidens) {XAE 4 A RAEH A #F 5 RBUE
(Alona eximia). JCHI K &% (Leydigia acantho-
cercoides) F U . fil ¥ M (Monostyla quadrid-
entata) {NAE 9 H &I,

22 R NMBEENEDHE

AT S RS RS R 1., 7E 3
2% Aub 3L (1) S 56y T v L i 3 0 o oI Rl B AR
— 8, HMERAEAFRENAAAEDEES
(P<0.05), #CHFVREAE4 AT AEZL, 7TH
WDy RERETAMOAKZ, 4 Al
MfZRE 9 Az, 7 Afdb.

S 5y $0) ) 37 i 3 40 1) %85 R B AR AR UL BT 1
KL 2. 3 57 W bl sh i) o B S R 2 kA
B E AL (P<0.05), TRUFsh B AS R 2R ALAE 3
R H % AR U] . Fe HUAE 3 R AEH
R A A B TE 4 H, 7E R - T A RS -
I fa P B R R IRAE 9 H L TEK R
YEHRIZE 7 5 (B 2). BOAZETE 3 5/ iy
BAKEEY A 7 A, AF 3L, Kk
AR 9 AW ThEr, RFIRS-H B
TR, A AR KRE SR A A e g B
IAE 12 H (Bl 2)o BEREZETE 3 2575 H iy AR
WP S A, e EEEKENE . M-
FH £ RS -5 1 £ B AR e 7 . 9 AN
12 7 (Bl 2). 771 AR % B 0 e KA (65.4
AL HELAE 7 ROKAE SR, fRe/ME (12.05
ALY AE 4 H B9RG- A IH o oK AS BRI 7 3h
W) ORI (53.2 N/L) e, RS- A R
(31.91/L),

2.3 FNEENMIE SRR TEER
4RV A I, 3 2R IR sh
T -BANFEE (H) . FE RIS (D)
Ml Pielou¥y &) & 48 % ) & & B F L 1k
(P<0.05), H', ZZohyEllHl 2.9~4.0, F5-HfHIF-
o EmN H A4 s, 12 A AG, HK
FERAEH HyWAE 7 A&k, 9 A& (3% 2).
D; 4 0.78~0.93, HAFGNM S H A -2,
3 KAEH R sh B 5 FE R BUNTE 4 A i,

7 HRAR GR2). 3MRE R . B R{E S
PAERS- A (3 2).

2.4 REBURHEhYIEZH R

R KRS 9 Fh, 43J@ 3 1] 6 B,
FAEFERIR 2 M. BRI 3T, B 3 Fh
7 KR 8845 (Branchiura sowerbyi) Fl & 35 /K 24
Wl (Limnodrilus hoffmeisteri) 1 3 2SF5 H v 44 4
AERRA R B, HOHBR 5 R 3 S 0
77.72%, > A TR L JR AR 3l ) 1) 246 36 () 35 Aol
5 {0 P FE B (Chironomus flaviplumus) % 78 7K
TR H rh AR S A L3RR, FERS-15 O £
7 AR 12 A APLEER, FEFE-H A H 4 YORKE
AR IR D o BAR S WA A A R
JEEAT B S 5.58%, (HAE Wk o KA AG
¥y W) &R 95.4%; T IE IR IR (Sinotaia
quadrata) 7¢ 3 A5 H h AR5 45 & 8L, TR
(Corbicula fluminea) WA 7EFe3 - H £6 H b 2 30 (44
i H ARSI Y B 4.81%).

2.5 RBERWEzIEREMNEMENFTENE

KA o) ) % 3 T A= i L6 3. 338
e L o R R JEC TG 3 40 B A TR) S 11 2% B A AR W
s SRR A B ARk (P<0.05), 328
e I o 35 T 2 28 3 RN A 0 o ) e KB 38 o BT
7H, BAREEYLE 12 A H-HamsEEs
N R BAE 12 A (B 3) , fE-S
KFEFHRAEH A 9 H (Bl 4). 3 R iE 22k
WA A Y R R MEYIHIAE 4 A, -
MR 2R MY R i R EET A,
FE-55 O fa fn K R BAAE U ZE 9 A (B 5). 328
i e e 4l B B B B RAE Y BE 7 A
I B - FH A RN RS - 1 R s 4y A
IR K, MAEKAE SR | v o KAt i
BRAE 9 5 - FH f2 ARG - o5 11 £ [ 2 I & R d
RS e 4 A, KFEAAEE R NALE9 A
i - FH 2 A1 KOR PR FH 2 s 4l e /N A i HE R
12 7, mE-SOamE A (&8 5).
2.6 AERWMENMEYSHMERBNTNER

S8 3] 1] R 84 IS A6 sl W ) A A - 4 3 B
(HY) FoE3 2R Z HEVE R 50 (D,) ¥k 4 i 2 Ar ik
(P<0.05), HARFLHLEEAHML, 3 28R H R
G 2 ) B R 2 22 A PR B0 B KB 38 BT
9 A, Fe-HfaAfeE- 0 iR R R sh i 2R
PEFE B/ ME Y BTE 4 A, 1 KRS SRR I
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*1 BHESH’HE RGNS XBREAFELE R

Tab.1 Species composition of zooplankton and macrobenthos in Qintian Rice-Fish Agriculture System

ERUIESPNU) YR ES

species of zooplankton and macrobenthos

TG types of the rice filed

- HH 8
rice-carp field

-5 1 f1
rice-Chinese hooksnout carp field

KT AR

rice field without fish

BREZE  Copepoda

JEABEIKFE Cyclops vicinus ++++ + o+ R
HHRUNGIK & Microcyclops intermedius ++++ ++++ +H++
M /NGKFE Microcyclops bicolor 4+ ++ 4+ FH++
I~ Aith 81K &  Mesocyclops leuckarti S+ S+t o+
YeFHEIKE  Cyclops strenuuss - - R
TAI%  nauplius NREE NREE— A+t
Bif2K  Cladocera
FRMEEREE  Scapholeberis mucronata 4+ + 44+ ++++
HAIMNERE  Moina rectirostris +o4- +o++ +ot+
HIFFEHR  Pleuroxus laevis ++++ +-++ 44+
SV HIE  Pleuroxus assimilis +-++ +4+++ +ot+
JTEAREE  Alona costata +ot+ ot Fot+
ASFREE  Alona eximia S o+ S
THIKER  Leydigia acanthocercides et et -
M Rotifera
KIETLF R Euchlanis dilalata ++++ +4+++ e+ +
+H6 PR 2 Platyias militaris +o++ +o++ +o++
VU~ H4 . Platyias audricris et ot o+t
AL RE I Brachionus calyciflorus ot 4 4+
HIEE R H  Brachionus leydigt ++++ 4+ +4++
WK BRI A Brachionus capsuliflorus ++++ e+ ++++
AORE R Brachionus urceus A+t ++++ I,
IR Monostyla bulla ++++ 4+ 44+
DUV fib4e . Monostyla quadridentata o - 4
FiElEse AL Lecane ungulata S+ s 4+
g Scaridum longicaudum - - o+
XU [ JEFH Diurella bidens +o-- - P
RkFRE R Diurella tigris PR T .
B 5 BE . Trichocerca cylindrica +--+ +o-+ o
KAl EFe R Trichocerca longiseta o - P
WA AR ER  Pompholyx sp. RENEI 4+ e+t
FEERX  Oligochaeta
TRICJRBERE  Branchiura sowerbyi o+ 4+ B
FERKLIE  Limnodrilus hoffmeister ++++ 4+ +4++
#IL  Chironomidae
WEPIFRIL  Chironomus flaviplumus +4+++ +4+++ 44+
ZXHRWCREM  Dicrotendipes sp. ++++ ++++ ++++
FHMUERRICAR E R Macroelopia sp. o+ o+ Tttt
KA1 Cephalopod
TS Sinotaia quadrata 4+ 44+ 4+ +
KIEHE  Pomacea canaliculata -+ +- +-t - + 4+ -
B4 MB Radix auricularia St ot Fot+
VWL Corbicula fluminea ++++ N e

e RIRKIL, 0 FRARRI, WEEAKRFRERL 7. 9. 12J3KFE.

Notes: "+" and "-" indicating "found" and "no found", respectively, and from left to right in order, they corresponded to the sampling in April, July,

September, and December.
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1 FH3XBATZHIMDBEEREER
1 fE-HfH; 2. /-5 HME; 3. KERIER.
Fig.1 Total density and its compositions of
zooplankton in the three Kkinds of rice field from
the Qingtian Rice-Fish Agriculture System

1. rice-carp field; 2. rice-Chinese hooksnout carp field; 3. rice field
without fish.

7H (G 2), fE-HAHKAEH Y Pielou ¥
SIBEAREL (Jh) B AR AL AL 5 SR 2 e R B0
— 5 FE-D 0 faRUK AR SR O B/ ME B
FN SR8, HaKAE N H e
12 7 (3R 2)o 3 a4 0y [ i e BRR U8 17 -
M, H, KRBT /KFEAAER, D, flJ, /Y
{RBRIE A fE-5 D (R 2).

4

3 Big

31 FHBEERZFPIFHIMEZEMRES
TR

JI| i i DX R fa e R T A4 2R A kI 45 Fb
L 9 RVEUAZER 11 A R WAL
FEURILSR R AT 28 At L, RIS FIRR 2%
2 10 Fp ASHIFFEAE W e L XA S 36 A8 T &
BT 16 P 6 Pl AN 7 Ml e, R
GRS YA B S T B A AL Z AL, 3
AP IR 2 | BRI I S Fh B
i, ABAHESE BT R AN B A /b . 1))
S T B A AR K R AR R [ Y9, i
ACHIE ST RS FH KRR L, PR ot 3 A7 5
TR 22 57 AT RE S o U 3 W) b 2 B 20 1 i AL
T A 2 0 B e S 5 T O R £ S 3 Y DA
R0 T A ) R A T OO AR R R A )
Yy RE A, ALV T R R L 5 Y A
i MR R G NE b R KRR K, Bl
FR RSB B 22 5 K. AR sl )

W
(]
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W W A b
S LK O W
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S LK © W
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SRAEA]/ H
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16t
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S

B R IEE E/(ANL)
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T

o
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©

B2 &H3EBEBRS 3 MFHFNPRRERH
EENETER
RCHE-H £, RCHC.f5-T O£ H, RWFKFEEMEM, FR.
Fig.2 Seasonal variation of three kinds of
representative groups of zooplankton density in
the three kinds of rice field from
the Qingtian Rice-Fish Agriculture System
RC. rice-carp field, RCHC. rice-Chinese hooksnout carp field, RWF. rice

field without fish, the same below.
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#*2 FH3 XA FENMMARRENII SRR
Tab.2 Diversity indexes of zooplankton and macrobenthos in the three kinds of rice field from
the Qingtian Rice-Fish Agriculture System

S REMEFS R 45 April 7H  July 9H  September 125 December
diversity index RC RCHC  RWF RC RCHC  RWF RC RCHC  RWF RC RCHC  RWF
H', 3.944 3869  3.899 3.46 3371 3.299 3.85 3.37 3.827 3.004  3.039  3.389
D, 0919 0914 0918 0.887  0.873 0854 0909 0902  0.906 0.796 0.81 0.853
J 0.898  0.881  0.874 0846  0.824  0.807 0.84 0.813  0.824 0.684  0.681  0.759
H 1473 1469 1478 1914 1827 1671 2596 2417 2194 2242 2.09 2,011
D, 0.562  0.560  0.533 0617 0630 0566 0768  0.758  0.704 0726 0716  0.663
J, 0.524 0489  0.493 0.604 0706  0.595 0.819  0.762  0.692 0.747 0744  0.716

He HER-BIREG DA BRSPS U Pielowl SRS 650455 BT PAR VR RIS S AR BRI B HY 35030
WER-BANFRE: D, TR G R 2R R ) WS IPielowl S ERREG HY KAURWIZh & R-BRAFEEL: Dy KB RN 2 3%
REFEIREG I, KRS Y)Pielout’) 5 FEFE 4L

Notes: H'|. Shannon-Wiener index of zooplankton, D;. Simpson diversity index of zooplankton, J';. Pielou evenness index of zooplankton, H’,. Shannon-

Wiener index of macrobenthos, D,. Simpson diversity index of macrobenthos, J',. Pielou evenness index of macrobenthos.

*3 FHIXFEHPAEREENIVNEESEY=
Tab.3 Densities and biomass of macrobenthos in the three kinds of rice field from

the Qingtian Rice-Fish Agriculture System

Ao fE-HMAE RC f&-T A RCHC KIGHAEIL RWF
months BN m’) PR/ (g/m’) H (A m?) YR/ (g/m’) /(') AP/ (g/m’)
density biomass density biomass density biomass
4H  April 274 38.87 386 31.07 1050 12.09
7H  July 444 11532 638 91.73 1654 101.88
9H  September 172 106.23 250 102.03 352 120.67
12H  December 114 43.92 214 24.61 300 21.07
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Study on community structure and seasonal dynamics of zooplankton and
macrobenthos in Rice-Fish Symbiotic System in Qingtian, Zhejiang Province

ZHENG Sidi', GAO Qian'", BU Lingfei', XU Guanhong ?,
CAI Chuanguo ', FANKe', LIU Qigen'

1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
International Research Center for Marine Biosciences, Ministry of Science and Technology, National Demonstration Center for
Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China;

2. Qingtian Yugong Agriculture Science and Technology Co., Ltd., Lishui 323904, China

Abstract: Zooplanktons and macrobenthos are key consumers and decomposers in the rice-fish complex ecosystem and
serve as important natural food sources for fish. To investigate the effects of fish on the Rice-Fish Symbiosis System in
Qingtian, Zhejiang Province —recognized as the Globally Important Agricultural Heritage System by the FAO in
2005 —we examined the community structure and seasonal dynamics of zooplankton and macrobenthos in rice
paddy. Specifically, we compared these communities in three types of rice paddies: rice-carp field (RC), rice-Chinese
hooksnout carp fields (RCHC), and rice fields without fish (RWF) during December 2020 and April, July and September
2021. Our results identified 30 species of zooplankton (including 16 species of rotifers, 6 species of cladocerans and 7
species of copepods) and 10 macrobenthos species (including 2 oligochaetes species, 3 chironomids species, and 3 gastro-
pods species). In zooplankton communities, Cyclops vicinus, Microcyclops intermedius, and Brachionus calyciflorus were
dominant throughout the year, while Scapholeberis mucronata, Pleuroxus laevis, and Euchlanis dilatata were seasonal domin-
ants. In macrobenthos, Branchiura sowerbyi, Limnodrilus hoffmeisteri, and Chironomus flaviplumus were dominant species
throughout the year. The Shannon-Weiner index (H';), Simpson diversity index (D;), and the Pielou evenness index (J';) of
zooplankton in the three rice paddy systems ranged from 2.9-4.1, 0.81-0.93 and 0.52—-0.75, respectively. The highest H'; and
D, in RC and RCHC occurred in April, while in RWF, they peaked in September. Conversely, the lowest values in RC and
RCHC appeared in December, and in RWF in July. The J'; were the highest in April and lowest in December across all paddy
types. For macrobenthos, the Shannon-Weiner index (H',), Simpson diversity index (D,) and Pielou evenness index (J',) varied
from 1.46-2.24, 0.56—0.77 and 0.52—0.75, respectively. The H’, and D, peaks occurred in September for all three paddy types,
while the lowest values in RC and RCHC appeared in April and in RWF in July. The J', peaked in September in RC, and in
December in RCHC and RWF, with the lowest values appearing in April for RC and RCHC and in July for RWF. Our
study found that the species richness, density, biomass, and diversity indexes of zooplankton and macrobenthos in the rice-fish
system varied significantly across seasons (all P<0.05). With the same season, the density and biomass of zooplankton and
macrobenthos in RC and RCHC were lower than in RWF, although these differences were not significant (all >0.05). In sum-
mary, elucidating the community structure and seasonal dynamics of zooplankton and macrobenthos in the rice-fish symbiosis
system can help reveal the intrinsic mechanisms of the mutually beneficial relationship between rice and fish. This knowledge

can further promote the development and comprehensive improvement of the cropping-breeding coupled mode of rice and fishery.
Key words: rice-fish symbiosis system; zooplankton; macrobenthos; community structure; diversity index; Qingtian
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