ch E B RS 2 AR BATY ISSN 1000-0933
PERRFRHT CN 11-2031/Q

ch EF S HAT

P ERFRESEEET
cta Ecologica Sinica

P E 60 /220 H B HA T
ERHFIR

2011

PEESFFS —_
AR E R 22 B A SRR R 5T Rl
R N tH AR



R £ 7 ¥R

" (SHENGTAI XUEBAO)
smemmecis B 31 B F4H 2001 F2R8  (FAT)
| R

IR F R EH R B EE G BE LM A LD Z O Hra e F W, EAR%E M #,E (895)
Zk B X9 APALA AR T AR AR I P A S ML) I E (906)
Gtk B I 3 BT AR D E AL e EE]j],F/iﬁ ?y,ﬁ,fﬁ@%ll%,% (914)
FE B E B B R T FE S AP oo ereeerereeeee ettt WA EFE HEE (923)
Ji W B 3 P A B K B AR P F S AR A R AR T e X B, M, AR (933)
BMORT KA RAGS) Py B LEHIFEAE veveveevemenensns AT, BLE, AXF, % (943)
IR R BN R KA RAG B RE 5 A R R ST AR E B AR L e YR, EAER, KD R, %F (954)
A RIS LY KRS A e KA RAB N M RE B MR e WA E M E 2 (964)
B %4 8 F ( Pseudois schaefert) B-18) 47 4 7 AE AR BF 8] 5B weveveeereeesenns X & E, B, ER,F (972)
F T BAL v R A Ao fb T 2 AR PR AR PEAT e eeem e AL IR KEU,E (982)
B F P AR RACE B AR RIRAP T R FETAL s Goat, K=&, 0 HZE, % (989)
AT TM B8 AR TR F & B Ao A TAP 2 P L0 ARARBR E ) S A AEIL ovveeeermnnenne

.......................................................................................... /}://}\ﬁg’gﬁﬁg’ﬁygg’% (998)
L ALTEF AL GIS PR ——VAT R ol B AR A ] ooeeereeneeens EFH,@ %, ERAMK (1009)
AT T ht o K0 T IR RN E F WAL B VAT B IR N T AP o eeeeeees FER N LE A E,%E (1021)
R FHE T AAEAR AM L E AT R A & RS HRF A rh oo REA,E B RWAT (1029)
RO B AE P E R IR BRI e eeee e ene e EHE EEA B .2 (1038)
B RA CO R T D Zafrt A A AR 2T RA Fo ARG o T weeveeeeeees K, TER, B —,% (1046)
B 2T FAEAB AR Frt R P 09 B RAR G T D G ERE KA, EilR, % (1058)
R s S b AR IR 8 8 B B AR PR oo ERN, ERAR,E P, % (1064)
BT i RS AT 2 ARG S iIs TR veeeerrrnnneeernie e % F. 4 #,T 4.4 (1073)
it ABA A EANAR R R B /s ZARSR W A IR AR MER BT R R e EEXF,FRIF, HHFE, % (1085)
CHGRB I K A GAGTE N P JHER veeeeerorrrreeesnmnnnrneee i, kWL OB RIER % (1093)
ST3E AR RARR A A A B R A e & %,1%7Ké,§ﬁﬂj&,% (1101)
HEKRREREE FEHEA T EG IR F v %KWU,JEEQ%,EX%,% (1111)
AR I AE FD AR B e %E?ﬁ,?%/ﬁ,%&f@?,% (1124)
A5 RN LAR AR T A G S rE ] o e v v eereereen e % ﬁg’ﬁﬂ*f’%%ﬁx,% (1130)
K& Brt i ki 55 L) £ FRBAE T TUAAE ooeevvrermmeemnnenees EXZ,EHAN,IEF (1139)
AL T 5 Ao B FRBAI A EAEZ RO TG BOR oo K&, AR, F X, % (1149)
S N LS L SR s U T e R E L T b I B O EWHE,E R, % (1157)
it S5
BB FEWME B EAILFEIR T RIREIE oo & F (1164)
M E A ST A R A LM Fr T BE R B r o vvreeeeernrnrree e e ettt e e e EHEE B (1174)
j]u/;\k#)fijg—%g/])\/&#}bigzﬂ:%ﬁ& ............................................. f%ﬁn%,%#ﬁﬁ?,%}%i ’% (1185)

HAFIEARSH.CN 11-2031/Q * 1981 * m * 16 % 300 # zh * P+ ¥70. 00 * 1510 * 32 % 2011-02



A2 2F 4R 2011,31(4) :0964—0971
Acta Ecologica Sinica

BEFREXN MYEREEFRM KB RN
AR AR

BEA FEI, HEET ML, E F,R A
(PR A ZE TR K SR S S %, ) 266003)

FEZE 2009 4F 5 —9 H X 5 LIS KA TR 58 1t Y16 #E ( Rhopilema esculentum Kishinouye ) 374 19 ] 15 35 58 i J5 I8 15 37 #h
KR IUJEATG SR I SRR AR A AT TRIFSE . Z55R3RW1,7 A0 B SR W R] , i T3 38 0RO ME 1T 7 28 1Y B T 3 gl AT A AR
T T X AR AR R, 5 AR OB E R ) S BOER A 1 X (5250 40 5 40 AR IR A 1 X (O ) Z 1) 45 U R
FRERIEAR e B 2E S o S R B (NH, -N) (B ZU(NO;-N) FITFE 2 (sedimentation rate, SR) .75 i T 0 I, 52
B 4% 2 a( Chla) S HLYI(TOM) FLEAT HLEK (TOC) 7 it AR TR AR . 28 0 IR 45 R , 15 B FR A X FR A b
i KRN SN P RE R 25 R 2R B O L7 AR S »S R AN s A W 2 AR MR B (1) PN S BRI ( ) BT
Fr W E R I W T IR A, KBRS R 2 R MR 05 U 3 (SR ) RIS R TOM 75 52 43 1) 38 B 1 Bl 38 1E A G A
FURHE ] 55 oAb FRER FE AR TC 2 M DG

KRR G HIRAE IR URE R REURWIZh Y AE Y 2 e

The effects of jellyfish ( Rhopilema esculentum Kishinouye) farming on the

sediment nutrients and macrobenthic community

FENG Jianxiang, DONG Shuanglin, GAO Qinfeng ", SUN Zhenlong, WANG Fang, ZHANG Kai
Key Laboratory of Mariculture, Ocean University of China, Qingdao, Shandong 266003, China

Abstract: To study the effects of jellyfish ( Rhopilema esculentum Kishinouye) farming activities on the sediment nutrients
and the structure of macrobenthic community, an experimental station within the farming pond and a reference station
adjacent to the farming zone were set in JingHai Bay mariculture zone and samples were collected from both stations between
May 2009 and September 2009 to compare the spatio-temporal changes in the biotic and abiotic conditions due to jellyfish
farming. NH,-N, NO,-N, Chla, TOM, TOC of sediment and sedimentation rate (SR) were analyzed. The macrobenthos
(>0.5mm) presented in the sediment were sampled, identified and enumerated. During the three sampling months,
significant differences of sediment nutrients except TOC at experimental station and of NH,-N, NO,-N and Chla at reference
station were observed. In July 2009, when the jellyfish were extensively cultured, the sediment NH,-N, NO,-N and SR
levels at experimental station were significantly higher than those at reference station, while Chla, TOM and TOC levels
were significantly lower than those at reference station. In the other two sampling months, no significant differences of
sediment nutrients except Chla in September were observed. As for the structure of the benthic communities, 15 kinds of
dominant species were collected in all. Nine kinds of the dominant species were polychaete, two kinds were crustacean and
four kinds were mollusc. All the collected macrobenthic invertebrates were common species in intertidal zone in North
China. In May 2009, Musculus senhousia Benson accounted for 91.53% and 89.25% at experimental station and reference

station respectively. The proportion of polychaete among the macrobenthos at experimental station rised in July and
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September 2009 due to the farming activity of jellyfish. Shannon-Wiener's diversity index ( H') and Pielou’s evenness index
(J) increased significantly with the cultivation of jellyfish at experimental station in July 2009 and the two indexes were
significantly higher than those at reference station. Analysis of similarity for abundance of macrobenthos revealed that the
similarity of macrobenthic community between experimental station and reference station was 90% in May 2009 and was
approximately 50% in July and September 2009. The similarity of abundance of macrobenthos for both of the experimental
station and reference station between July 2009 and September 2009 were approximately 70% . The W values of Abundance
— biomass — comparison plots of each sampling month were 0.01, 0.308 and -0. 128 for experimental station and 0. 015,
0.03 and 0. 109 for reference station. The results of ABC plots were consistent with the variation of the Shannon-Wiener's
diversity index. Analysis of correlations showed that the Shannon-Wiener’s diversity index (H') was remarkably positively
correlated with Pielou’s evenness index (J). Both the Shannon-Wiener’s diversity index (H') and Pielou’s evenness index
(J) had negative correlations with the TOM and positive correlations with SR. The TOM of sediment was negatively

correlated with sedimentation rate.

Key Words: Rhopilema esculentum Kishinouye ; sediment nutrient; macrobenthic community; biodiversity
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AT 2009 4E5 A 15 HZE 2009 459 H 15 HAE LR 7R WUAT 4 R4 B 175 (36°86'N, 122°13'E ) K
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K, S, ARFES j ARG B ARES, v ARRE  ADNWIFITESS ARSI B R SRS R A Z R IR AT 3 )
VR AL AR DL R ] 2278 B BRI AT BT ik A T LU

PL_E$s 2 Mt i PRIMERS #4621 52 A,
2 BR
2.1 JRIEFRILL

SEUG AR SR ER AL LR 1, SEEG A NH,-N(F,; =133.51,P <0.05) \NO,-N(F, ,, =4.47,P <
0.05) .Chla(F,, =31.2,P <0.05) TOM(F, ,, =6.62,P <0.05) 1 SR(F, , =191.5,P <0.05) & &£ 3 %
FER )22 52 .35, TOC & SRR SRAEIH R 22 e AN B 2, Horb 52807 A4 NH,-N 55159 A6r,9 A
¥ NH,-N =T 5 H 3 B2 %A 83 Chla 1 TOM &5 AR EET 7.9 A6,9 A0 EE T 7 Ay (02
FARRE ;NO,-N K9 A Em T 5.7 Ar,5 A e T 7 Ay HER AR E; SR AKF7 HhBEE
F59 06r,9 AT s A, A5 RBE, XA NH,-N(F,, =80.34,P <0.05) \NO,-N(F, , =
13.81,P <0.05) \Chla( F,, =5.42,P <0.05) 7E 3 A~ RHFEH RIAETE 1k 25 5%, TOM [ TOC % & fl SR H 1z

NO;-N BEMT 5.9 AMh,9 A& TS5 A (HERARE;Chla T 7 A BERTS Ay, 5 Al B
=9 A0, AT 7 A KR EER

XFFARAER 5250 5 5% S A5 SR AR R VR eI ORI 0 5 7 0 ¥ 0 0 38 1k 2 5 5 T Vg T 3R 1
7 Ay BB AR T B g R, i S5 5 NH,-N (25 =2.69,P <0.05) NO,-N(t, =3.68,
P<0.05)F1 SR (t, =7.68,P <0.05) & & T4 &, M 55590 4% Chla (4 = —5.02,P <0.05) \ TOM (t; =
-3.453,P <0.05) fll TOC (1, = —5.04,P <0.05) & & B F LT X8 5 W3 RIS 0 9 H 0, BRSZI A5

Chla(t; = —=0.471,P <0.05) @ Z LT X BT AN, Pk S 2 [0 A B SR AR R I AR B 5 5
2.2 KBV SRS S5 H A0 2 HE T8
2.2.1 PP AL

3 ARAE A R KIS AL 15 Fh, b Z B2 9 Fp 5Tz 2 Fl ARSI 4 Fh, TELLK
¥R TR Y Ty R (AL WA A R B S R WK 1, R AT LR 1, 2 B FE LB E
Ffk 1t ( Hermadionella truncate Moore ) , 7% Y& HE HL ( Spiophanes bombyx Claparede ) , XUE 1 ¥ 48 H ( Cossulella
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Fig.1 Sediment chemical characteristics of each station for each sampling month

F1 BEREAZSHRAEARE M BN S BB 0 L)
Table 1 The top five dominant species collected at each station for each sampling month (number =% of total individuals recorded)

I ] Aok Hor

ST Experimental station Xt B8 25 Reference station

Time /% /%
2009-05 MFE LS Musculus senhousia Benson 91.53  M5EUA Musculus senhousia Benson 89.25
53 137 JE £ 82, Eocylichna cylindrella Yokoyama 2.74  FEEAEBEH Hermadionella truncate Moore 3.05

RKIUFH, Eteone longa Fabricius 2.11  KXUJH Eteone longa Fabricius 2.73

B IR 1 Hermadionella truncate Moore 1.93  BARIEEIR Eocylichna cylindrella Yokoyama 1.69

% NIF Callianassa spp 0.86  #JEHER Spiophanes bombyx Claparede 1.23

2009-07  XUEAUSAIE HL Cossulella dimorpha Hartman 21.14  (FEWUE Musculus senhousia Benson 90.18
FELHE Spiophanes bombyx Claparede 19.51  #YGHER Spiophanes bombyx Claparede 1.91

K NUF Callianassa spp 17.89  XUEBLHLIE HL Cossulella dimorpha Hartman 1.77

#+ W Marphysa sanguinea Montagu 11.38 & H Marphysa sanguinea Montagu 1.23

SN Musculus senhousia Benson 8.94  FHWHLIBUIR Nassarius festivus Powys 1.23

2009-09 ¥ EH Phylo felix Kinbeg 36.7  YFEWUA Musculus senhousia Benson 66. 42
FNIF Callianassa spp 30.85 3 AIF Callianassa spp 10.95

7 HE L Spiophanes bombyx Claparede 18.62  #YGHE Spiophanes bombyx Claparede 9.85

H AWV Goniada japonica lzuka 5.32  FEHLEIAT Ruditapes philippinarum Adams & Reeve 6.93
WIEAL 3G . Cossulella dimorpha Hartman 3.72  HETEANREEE R Hermadionella truncate Moore 2.19

S AN BRSNS 5 ] 3 it Se WL S B A9 i s B DL B B R TR R T I S R 2
BB PEFF, 5SS AR B T R TS BRSO 7 L T o L BRI e s VBRI 19 9 H 0 S5 50
REZBRHAMS W33 IR H ] T X RS 7 LS i He ] 1 B 22 B2 T 38 IR Y LE 41
HR,

2.2.2 ZHREIERE

3 ASRAEH > i A9 Shanon-Wiener $8 8 (H') 5 FEAE 8 (D) MY A EHRE () W 2, SLH
Shanon-Wiener T840 (H") F1 - & FEFR RIS R () B2 7 A0y >9 A4y >5 A 3 X B S HES I )
a9 Aty >5 Ay >7 A6y 7 A4y >9 At >5 Am#o Afy >7 A4y >5 Ay, 52505 7 H 4y Shanon-
Wiener 645 (H') FIBISIFEFREL(J) 38 i T X A
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K2 BRHABMSSHEEEE(E IR, R W IELD)

Table 2 The Shannon-Wiener( /') ,Species Richness(D) and Pielou evenness(/) indices of macrobenthos(E: experimental station, R: reference

station )

] Time st YR FHE R 5] BEAR A Shannon-Wiener's

Station S D J BHH

2009-05 T R(E) 14 1.35 0.16 0.43

MRS (R) 15 1.51 0.20 0.55

2009-07 T R(E) 12 1.83 0.84 2.09

MRS (R) 13 1.54 0.21 0.53

2009-09 TR (E) 10 1.40 0.67 1.54

MRS (R) 9 1.17 0.53 1.17

XA KL 3 AR AR A A TRV A ) = JEE SO B 20
REH (B 2) o IWEIFRAT LU 5 03 9256 s FIR

W AURIARE K ) 009  fEiF ORI 7 A Rt § [ |
FUE 9 Ay, BA A2 A ABZEAMEE & eof
(T0%) B, L4 RBEA B S Z MR 5
(50% ) %Ak, rj _‘
S R R R R A A e el L L L]
W BE T I T Ry B EL B2 (1 3) 92 s o T o

S5 A6 T AGA9 Ay WA B 0.01.,0.308 T my i 5 o 2 ARG BRS04 (E (508000 R (052
—0. 128, XF M8 S A WAEA 3]0 0.015.0. 03 F10.109, s
KT IE S 5 H SEEG S AT B A FEFE MY &l Fig.2  Cluster analysis of similarity for each station of each
LEHIIERGE ,X 5 5 AP B R SAEESE £ month(E: experimental station, R reference station)
(H")—2 (K2 A 2), 28587 i Z et 8oy
K, = BRI 2 (BB B 3 TG 9 T Ay 2R AR B RRAR NS BIL 20 1) 22 B 2RI/ INEL 228 S i AR
B 2 22 1) B B IR 2 kN o KT A R A i e 2 D P S (DA e I LR RN A PR BOR [R] 1 A
feads, 9 H ARSI s iy W AE Y S SR KA, 6 B2 DXt i i A B8 2 AR R R Ak, S BU MM AL S A B i
) TR T
2.2.3 ZHMERRBCRURIRE FREE T EN LR

A AT 2B M sh A i ) A 2 S BE R 0 (J) RN REPEFR B2 (B (H') 22 [B) 2 80 HE A 58 35 (R A S bk
(r=0.99, P<0.01), HAEHRE()) 5iKJe TOM &R FAAHE(r= -0.89,P <0.05),5 SR Z[H
PR IEM K (r=0.97,P <0.01), ZEEMEIEE (H) 5EJ TOM SEEMMHK(r= -0.87,P <
0.05),5 SR BIEM K (r=0.94,P <0.05) , HEJRIEFERIGR G ZFEERSEOHE M1 Rk 8] B 27K
(P>0.05), IKISAYY) & SUTREHRZ W2 W ERAHXE (r= -0.88,P <0.05),
3 itig
3.1 KRR IRUEE F7 R SR S B U 254 1 52 )

D125 R £ 26 A5 R W, T /K SR BT RS V8 8 F 50 AN R RIS Sh Wy e 25 M s i B, 4 D1 26954
H R DL iR g 7K B8 T (K S A M U T S R ME R B TR VR B SRR v B s TE AL ER RSS2 1) 7K
IR, FEUKMRE S M5 NSRRI A 0 R R A MO TR sh W B 5 A 5 Fh | 1B
FEFH I SR KBS RETE (D3l , (i S REVEFE BOM A A FEHR B0 BB AL mRamim sh R AE & B
RN 5 0 PR KR S DX I SRR B9 455 L 3% I 35 0 I A G A B DX SsRe 0 AT AL B R B AR G
R A X1 1 —5 A5 A 37 5 DX RS G Bl 4 DR A AL 3R B A T DR A AN B - R L 2 Bl o B AR
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Fig.3 ABC plots of each station for each sampling month( E: experimental station,R: reference station)
#3 EMEDYESHEERTREEFRBENBEXME
Table 3 Correlation coefficients among biodiversity indices of benthic fauna and sediment chemical characteristic
Shannon-
Wiener
R Yo R ve % . ; SF1 Tl A Jen e e
i H Margalef’s . Pielous’s . . &K a B EERSIN e
Shannon- Sediment Sediment
Ttem richness . evenness index Sediment Sediment Sediment
Wiener NH,-N NO;-N
D . - J Chla TOM TOC
diversity index
H
FEERE D 1.00
SRR 0.44 1.00
YIS R 0.34 0.99 " 1.00
RIS A NH,-N 0.79 0.35 0.29 1.00
JEUEAH A NO,-N -0.37 0.39 0.44 -0.67 1.00
JEVEM4# 2 a Chla -0.40 -0.69 -0.70 -0.60 -0.04 1.00
e EA P TOM -0.29 -0.87" -0.89" -0.38 -0.34 0.93* 1.00
J e S A HLEKR TOC 0.23 -0.26 -0.31 0.5 -0.82 0.31 0.45 1.00
ULRE A SR 0.16 0.94" 0.97** 0.24 0.41 -0.68 -0.88" -0.24
* % P<0.01 *P<0.05
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P SHEUEY ZREPEMIXT IR IR X B R
3.2 IR E IR ER R R

ARSI RN S A0y, SC SR SR e 4 B SR R AR Y e W E M 22 R e 7 A A, B
BARFHA R A S 2 B8 SRR S R B M 22 . S0 NH,-N  NO,-N #l SR 3% & F
X BE T SE5 A5 Chla  TOM Al TOC 54 I X R , KREUKEAA BRGEMER AT I R BEE R
JEREGR I M E S NV AR R TR, VIR IR B, R S xS U 2 T i U B B, 0 Ve R 1T Ok P
= SENTTRTE >y NI O N U RIS S0 e ST =40 DN 2 i 2 o) S D N = VT 2 b e T R ot
5, FEAR SRR B 5 e G U 2 T JEC AT e i A DRI B8 X B S 360 SRS e - KSR TOM 5 8 LA &
TOC i i R T 0 BN, U S A WL % 1 5 DURE HUOR 2 0] 522 I 25 A OGO R Ul DTk v, 22D
PR EMTHY) . EEFFEMIE FTR)ZR 2R, R EARL I WIS KRB A ST R E R ERZ (B
B 75 e R b K AR 2 7 A R ARUR R BN, BEAIR T /K2 584, 180 T 38 2 7K AR A R Il ISR K A
P 5 17T 5 SO 7K AR B IS Vv it /K - B ARG, DR A 1] R /K PR 2l 1 S 0 /K SF- 308 3 e /10200 R A
AR 2 R AR S O IR ST 45 SRR I, 6.7 0, st RS S U R T IR SEUK A T A T34 SR BB 3
JES TR 2 T A R R vk B AR AR, 11 2 207 S 2R I Ve /K A T v A 8 v i i o, R TP AL B 4
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e AR T SR DA SR T ) JES TS (R A8, AT A V8 R DX S 6w R TS AR 2 AT R R A v B0 il SR B, {8
T H SR X A A SO ATE SR PR A R KT RGBSRV 0 7 3 0 S 30 A A A RO/ i 3 v T 0 R
3.3 VIR KB IR ATG S YRI5 LR s )

5 A M H R T B RAE IR S UG () BEAE 2R, (AT 52 LA FE AT S BV v L A9 7 21 90% 1
AR, FEAEY ZREHKCOEARIR . 7 A0 S50 5 B A 1 Z R P ORI 3550 B 8 S5 v 45 1) R et 5 0 W 3
T, OF 2 T RN — R UL, K= FRIE TG sh X A ) 2 R 2 7 A U R ), S B R R B R
B2 (IR ET R A E S EN I K T 35 X R Sh R (0 A 4 2k | KRR A 30 = B AR LU 43
SE IR VIR TE SO A S R I8 2540 (R e e R T 2 1 AR AR s e SR FL I R Oy | il EE R AR
SR 7 A I A TR E F R BOK IR TR 2 B K, BA KR A ML St 2 IR sh ok T
FERMEYIHEL . T8 Z RS BRI HR ORI R R, H/NVMARPL SR 2 B 28 S 4R35, Rk 3 B -
AW LRI WAREE/N (W = —0.128) UL E RS , DORRAE FHBEAI, 0820 1 RS AHG 2l 1 6 1 it
oy, FEOLZREERRR L, X S B R T 45 R AE A= G A P OR 5 A P DU FH A B SR A7 A %o e
WS RETE LB, B Z R T R A5 2,

3.4 ZHMIEHSEFRBZNMLER

3 RUEMW Y ZAEVEIR BUMI S FEFR S SR BB B IEAHC (P <0.05) , BIZE—E 5, K44
TR AR R I Sh P S AR . X5 7 0 S50 5 TR 3 B 35 1 R 2R A8 BBl 2 W R 1 45
B8, WRFR R, TSR YR sl R i S A WL BB — e et A B E S AR,
INRIGTR B ) 22 B L0B W AR RS B L3R ) Wb ZZREE KT Bl 2 ARG, X S5 AR S 56 v ZREE 4R
5 IKTE TOM 5 i 5 1 25 R GO R I 4 R —3K
4 it

ARSI ZE R AR B X W SR, ORI E Y LR I s AT A ] DU ki R 2K AR A, R
UENEHR/K 2 50 2 1 i SR ARG s B AR AR T AR T A 0 35 0 2 5 A R R | m) ik A g 3 i A= W LR E T
R SRS ISR A A A= P R AR 2, B T R B sh P VR 10 AR 22 e R S T R T
FRIAAT T SR8 5 AR A IRBE 1
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