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Functional feeding groups of macrozoobenthos from coastal water off Rushan

PENG Songyao'*, LI Xinzheng'*
1 Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China
2 Graduate University, Chinese Academy of Sciences, Beijing 100049, China

Abstract: The trophic structure of the benthic communities in the coastal waters off Rushan, situated off the southern coast
of the Shangdong Peninsula, in the Yellow Sea, was characterized according to a feeding functional guild approach, based
on sampling surveys conducted from December 2006 to November 2007. Macrobenthic organisms were assigned to six
distinct trophic groups ( herbivores, deposit-feeders, filter-feeders, carnivores, detritus-feeders, omnivores ) and the
feeding diversity and ecosystem health of the research area was estimated using the Shannon-Wiener index, Pielou’s
evenness index, and Infaunal Trophic Index (ITI), applied in conjunction with a Marine Biotic Index ( AMBI). The
dominance of feeding groups was related to environmental variables using multivariate ordination techniques ( Redundancy
Analysis) . The results show that deposit-feeders and carnivores were the most abundant functional groups, making up 34%
and 31% of the benthic communities in terms of relative abundance, respectively, followed by filter-feeders (22%) , the
detritus-feeders (7% ), omnivores (5% ), and herbivores (1% ). The dominant deposit-feeding species were Mediomastus
californiensis , Sternaspis scutata, Heteromastus filiforms and Ampelisca cyclopst while the dominant carnivorous species were
Nephtys oligobranchia, Eocylichna cylindrella and Nemertinea sp.; and the dominant filter-feeding species were Theora
lubrica , Venerupis philippinarum , Trigonothracia jinxingae and Moerella jedoensis. When seasonal variation was incorporated
into the analysis, deposit-feeders had the highest relative abundance (39.3% in December 2006) and mean abundance
(107.4 ind /m® in May 2007) , followed by carnivores (37.9% in November 2007, 94.7 ind/m’ in May 2007) and filter-
feeders (27.2% in November 2007, 77.4 ind/m’ in May 2007) , while herbivores abundance accounted for only 1.1% and
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2.9 ind/m2 in December 2006. With regard to spatial distributions, sites G1 and B4 had the highest values of deposit-
feeders with relative abundances of 73.3% ( recorded in August 2007 ) and densities of 385 ind /m’ ( May 2007)
respectively. The highest abundance of carnivores was recorded at site Al (74% and 285 ind/m’ in November 2007 )
whereas sites H1 and D2 exhibited the highest abundance of filter-feeders, with relative abundances of 100% ( recorded in
August 2007) and densities of 325 ind/m’( May 2007) respectively. The distribution of each functional feeding group was
significantly related to organic load and sediment type. Assuming that a healthy environment is characterized by all feeding
groups being present, with a clear dominance of deposit-feeders, feeding diversity would be expected to be maximal with the
evenness feeding diversity index close to one. Most of the stations in the research area exhibited good or high feeding
diversity, corresponding to a healthy ecological state, with the exceptions of stations Al, G1, and 12, that showed
occasionally low feeding diversity, ITI and AMBI values. The poor condition at these sites was mainly related to disturbance
impacts and natural accumulation of organic matter, with some feeding groups being absent or present at low relative
abundances, with one or two groups dominating the community, which was particularly the case with deposit feeders. The
redundancy analysis ( RDA) results of indicated that salinity, water temperature, total nitrogen, suspended matter,

dissolved oxygen, total organic carbon, and silicate were significant predictors of community trophic structure variance (p<

0.05).

Key Words: Rushan; macrozoobenthos; functional feeding groups
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Table 1 Formula and parameters for feeding diversity measured by Shannon-Wiener information index or by evenness when six feeding groups
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A) R 12 35(8 H) J o FREE LT 0.6; G1 W (B 5 H) A1 12 3 (8 H ) ITI FEEEIMLF 30,12 4 (5 H)

AMBI F5EU{H KT 4.3,
R 3 AMBIIBE.J v TEEFN ITI $531 ( Infaunal Trophic Index) f 43 25 [17,22-25]
Table 3 Classifications of AMBI, J'g,, ITI
AMBI #‘a#ﬁz' I 48 ITL #5851 . E*@ﬁ%&%@_ ﬁ_ﬁ{wtiﬂ%é& o AT AR
A Marine Biotic . Infaunal Trophic Benthic community Site disturbance R .
Index Pielou Index Index health classification Ecological status
0—0.2 0.8—1 60—100 el et sh A
0.2—1.2 0.6—0.8 30—60 HE 355 B4
1.2—3.3 AESE REHD PRIy
3.3—43 0.4—0.6 fe 35 Yead PEFY TS HAEY
4.3—5.0 0.2—0.4 0—30 BeEYert At R
5.0—5.5 RENEREE SuR) i) HIEH
5.5—6.0 0.2 IF CEREr O] WA FRE Y
6.0—7.0 etk W 5l

http ; //www.ecologica.cn



5280 JAE = 3%

0 waH BRYEE [ BREE
R iNE [mm A+ &#&

700 - 1000 - 51
600
500 800
400 600 -
o 30 400 |-
E 200
€ 100 200 |- % I
8 0 0 2 o
g A2 Bl C3 DI D2 D4 E1 E2 E4 F1 F3 Gl G3 HIl H2 11 12
=]
£ 40 1000 1,
< L
=300 soopm =
# 600 |-
200 [ é
100 17

Al A2 BI B4 C1 C3DID2D4 EI E2 E4 FI F3 Gl G3 Hl H2H3 H4 11 12
Wifk Sampling sites

B6 HFTARBMABEENYSHEERLHEFE

Fig.6 Abundances of the six feeding groups and total abundance of macrobenthos in different stations in different seasons

OnRA Os53 Vvs8A VIIA

. 2.
10 ) (j) J7 ° — 5
\ 4 o ® Y w EE )
- 08F y KRR vov HET 20 v
g ® L oo 9
s v II pagi] A 4
= L v o = g -
306 22 1s 7
frugsd vy v ATl .
g2 75
o — -
2 5 0.4 g B. 1.0
: L
02} »E 05F
=
[}
0 ATA2BIB3 B4 C1C3C4DID2D3D4EI E2 E3 E4F1 F2 F3 F4G1G2G3 HIH2H3H4 11 12 8 ATA2BIB3 B4 C1C3C4DID2D3D4E1 E2 E3 E4F1 F2 F3 F4G1G2G3 HI H2H3H4 11 12
100 50
= i A4 g 43
= 80 < 40
% ? ®x
3} g O 3.3
§ 2 60 L4 Y ¥ x 2 30k v
= v Y« ]=
;e J °.43 oY (Y e
RE 40080 YIT.s8 vioy| || %2 20f 3 ® Ge
g k2L L ARES ge " % L3 $ 9 ? 8y I 83y
Ll 30 £ 12| ¢ b4 EP el 0 Y
5 20t gl.o—w Y YYI[Y]Y
& Y Y
= < v
0 02| |
ATA2BIB3 B4 C1C3C4 DI D2D3D4EI E2 E3 E4F1 F2 F3 F4 GI G2G3 HIH2H3H4 11 12 U ATAZBIB3 B4CIC3CA DI D2D3DAEI E2E3 E4FT F2 T3 F4 GIG2G3 HTR2I3HA 11 12
4L Sampling sites 54 Sampling sites

B 7 MRRXKXEEMSHY Pielou 154 . Shannon-Wiener $5%1 . JE RN S35 iEE £ Mg H
Fig.7 Values of J'y,, H' g, ITI, AMBI in different stations
M iR IS R TR B4 Note: the broken lines show the different class levels

Lia L X FLI AT A A A5 IR T AT PP SR A - L Ly G VA R A v RRECDR B K 553
BETARE , S FHIROEO L R, KR vl G RN A P v 2 BV Bl AR A1 3 (G1 3Rl 12 o
,u,&!‘ﬂl{ﬁﬂ]hﬁ F Al (A AL S S B AR IR S v 2 B LS, PP SRR SR IE
SRR — B
2.4 FLIT e R RYRA s W) D RE S B S S BRI X 1 Z [ ) TR A
SR T ik A SR AS ) PRIE DR X I 5 TS R A sl Wy D BE S B S RE MR DL o R sh 4% £

http ; //www.ecologica.cn



17 3] EAME A FLIT iR YR A Sh D) ek £ A 5281

DREZERERI KR KB EREE pH (B VA SBE RERRER B LA b2 T A I R R IR SRR a 5 12
NI FHATICR T (L 8) .

I3 SRR I8 A5 ( Monte Carlo Permutation Test) , HEBE BTk MR F ( P<0.05) , & #2007 4E 5 A EHJEF |
KR VAR TR ST 4 AR 5 FL LT RS S ) DD e 55 & SRR A T B 0 3 AR OG5 2007 4 8 AR
fift SEMKRL -5 RN Sl ) D RE4% £ S REAF AR 5 25 RO SGHE 2007 4F 11 H 1 2006 4F 12 A 235102 B4
BILBI I R 6 5 7L LT T R A EC AT 2 ) 2 R4 B SRR AR B R 0 B A DG

3¥)
1.0 sH o) B 1.0 8H %4
E3 D4
o} o
Cl
Bl D% E4 ©
° S R °
A2 > W w " B, A2y B
° c1 > ‘ rﬁg%} c3 O g
ki ° Mgy FREH . G Blo o2
E2 830 oE4 O0Gl 4D4 BWEE i;/a% oH1
D2 > B
D1 EhH RS o
» C:B4 %1 11
El  Ripk il 5 *Eﬁ% A
o B OH3
(o]
F1 Hl 128
-1.0 -1.0 Gl1 KR
-1.0 1.0 -1.0 1.0
1.0 10A2 1.0 s
1 g 121 w3 A
> M
H4 CC3) Al %1 > Wi
o o %3 »ERIEH
G3 Gl
B4 i F1
° c1a1° g’ ° B4 py b AEHE o
O DI > HAEH
AL o Oo oE2 0. Qﬁgl o) RERRES.....
El | H1 El
HSOO» %Eﬁ% Q
P asron 1 >, o
o > R 5 R @
m»ﬁgﬁ%‘ @ﬁ% ?1 D2
-1.0 F3 ’ﬁﬁ’g% -1.0 83
-15 1.0 -1.0 1.5

8 FUAEEFTEABKAEDIMERETE L BM RSN
Fig. 8 Relationships of macrozoobenthos and environmental factors obtained by Redundancy analysis (RDA) from off Rushan, Shandong

Peninsula in different seasons

3 iTig
3.1 DRt E RN

FLILE i KB S ) B U | A B FE B T RE B B A AR BE s , ARy, 45 SR S A A
7F Tagus 10 117 RPGHEF PGALFRAE ARSI 58—, X Lo LA 5 X388, L L T g AT Sh A i R s
EIAT RSB RFP A AP AR R R 220, RN - FLLE M A sh ) ) Fh 8 (236 Fi) | d m T4 s
(95 F) MM TME (71 A KT R M (55 i) AR RS IR (33 Ah) AR X, FLil i kY
JE A S LA e A BT RESEHE , 1 R B S S A VT O LB VD A5 XA S D BE 2R B Sl o AL 3 AT
BEHFEEE ;5 E N — L5 I R b, ZL LR g &S Ve 3 AR ] iy OBty 22 5%
| R RS SR B4R | PR B AR A S SRR Wy Vb 2 | (B J RN A | B B o AR O e G FEA SRR AT

http ; //www.ecologica.cn



5282 JAE = 33 %

G B WA YT P BHAR S RV O LB YD A IR R Rissoina sp. AT Corbicula fluminea , R 5 B 1MEN H A
VP#E Neanthes japonica . % WI. B B2 U5 Moerella iridescen F1E 7] W5 Wy Potamocorbula ustulata , % 111 # fy 45 1%
Sinonovacula constricta . H AR J| VP 4% Neanthes japonica TN SR Nassarius variciferus, X H &I, AT
X, THRERE A AR PP AR, e 3222 J5 R ] B2 A5 5 X b B RO AR ] AR Btk 00 45 5, TG AV T BE B 1 4 Fh 21
JBRN 3 A7 S 25 AR A L A [ PR 85 PR (R 2 RO, 0 52 BRSO S 1 D R AR 0 A B e B AR AR
P AR R B VL ] 10 b 3 A0 T G T T I, D RERE S — DR O IS Y B K 22 85| Limnodrilus
hoffmeisteri #/Nk 11 Capitella capitata, T JE X PG A i B0 J& ¥R K Fil, 532 40 0 T0RR 4 86 2 B AR
S R AT S D RE R R AL BRI 22 R S PR SRR R A B R A L ARIKR
3.2 FLamifE KRR s D RSk B 2R A I 25 23 A

S ST RERE 42 B2 1 2 AR AL 5 R A B 20 M R G R A T 600 FLIlE i 5 A &2k
REF R fcy , X 0] BE S B FVF 24 IARAN S8 0E 1 AR YRRV AT G, A W50 e ARAIAR Sh ) B0 225 278 5—6
H ARG, FREA R 8 H A M 4 B AR B IR, X T e S IR s i SR E TS
BFRYA BB SR S B B A B — i MOC R Y N N T B 2 3 A TR R sh ) ik
H AR PE T AP A £, AT 2 =F Bt Bl o R IR, e A, X8 20 L Vg 4 09 1 3019 J8 IR Trachysalambria
curvirostris i & , 22 B 22 50| R H F 22 UEE SESOE LRt

DURRIE AL RN A 25 ) 5 PR Y 2 B i R R 0 RIS TR T PR R 2 IR B W 2 431
THHBURTR > FLILEH B4 3 (5 ), BIRIEH FRERR, O 385 4~/m’®  RAEIR TR HUE, f1 i | 22
S ] HOMUAS (B 57 B R B SRR, I AT RE S IR A HL & B A o, AR T | 22 5 5] HRURITAS {8 55 Hu i
YT 22 53 AR UBURL A AR A DL A 6 M, O X A5 BB 8 SR R BT st 2 M7 S 1L 0 (8
D) ARFRAERRIRYEH M5 A 11 HEREIRH FEHTE 70 A/m? LA E, HI SRR 521 1y 22 5 0]
RE-SRAE I RERLYE DU RORA AR IR BER A A 5, D2 3 (5 ) IR FRERCR 2 325 >/ m? A 1
04 B MR B T R R B R B AL 2 X P AR 52 IS JE K TR R VR (22.6 mg/L) BUs A K, Vale
% Boaventura FFF5% & IUUE B & 2243 M £E A5 ML TR ORIV B2 B e (K 380 AN B 98 R B IR AL 4
FE SUE A O A B YA OCY A Saito 55 K M FELA AP RF R Maizuru V5 VF A 9 4E R R R B SR
Horikoshi 5 (A& T I FRUA 4310 X AR R AR R WEE I FEERR AL AL 3 (11 7)), R
285 A/m’  SEEB G W) VD AR Rl L Al ATRE S AL 3 (11 7)) IRITA HLB 5 A 56, 2837 4 & P ZE 6
WV A RO SA N & A IEASCE R, AD Wijsman 25 AT Ik 1A 625 0 =5 B (X Al 2 v] BB 7, 2
3.3 FLUNTHE KBRS Y D) REE (IR IR Z M G &

TUARII TR, P A )R J2 K R RV KR TR IR B A PSR B A A SRR BR R Tk T 5
e 7L L U D e B R R PR EE IK -, 5 1 FLIL T i K R ER B2 5 25 D RRSS HF AR G PR, 25 R 5 Nanami
IO [ RIFIE A5 S — 30, LR U W S 0 3 A 2 AR B T 5 N 8 KR UL ¥ D AR BE AR
DM, 5 B 1 A5 X 5 e g O R IRV 3 ) 43 A 2 KR M 3 — B0 LT Dolbeth %5 1) B 72 45
SRV A A K R R T R A3 A 1 B 2 KR R T L 5 O MRS P I B A DG T RE
DU SZ 4 8l A= U5 2% R ORI B BB 1) 43 e A 6, I B IR T sh A (X g sh i R v ek, ok
PRE IR AR B 5 B A GRS, 25 25 BT Muniz F1 Pires FUBIFFE Y | K A4 B 00 0K W0k BE 45 2 B &
FAE T B R, ARSI ISR A o AT 1 R B R 8 H L T IS K i 4L T RE R
OISR R | K2R AL 0T R A I i | 45 R I 2 T VA A 4L, /K A S8 BIL BT S A L 41 7
JIEAW A1y, HE TS e A A IR PR S AR RN o3 AT, B T B8 KA PR Wk B2 A e 4, DURRI A HILIS 5 et 2
SN SR A W o A R LD R 0 11 A FL LR E K B BT 5 4% T R AR DC MR B X P AR
5 A AR AT LG A8 SR 2 TR SR TR A AT O, 12 A RERRER 5 LI I D REREAH DG MR, U

http ; //www.ecologica.cn



17 3] EAME A FLIT iR YR A Sh D) ek £ A 5283

SHEHE KRB, XA S B IR T E A O, RO RERRER e R D A K R A,
Bartoli ZE7ERFSE /K2 R 585 I R GEW A R R ILRERRER 15 TR H B2 10 A W RO DG MR T

SN2 AN [ A A SR 9 A ] M SR TR JERATG Sl 7 IR A A PR RO ], BERAL T R AR A W sl )
PR Z R R JEATS S B2 | e B4 1 iR SRR sh M e v B D E
Brigh AUV Tk SKE FTR BT FE HE G R AR B M L R
el e E YRR AR A0 NEME RSN T B R A A 256 2 A i 20 M A 7R — I F B0 i G

References :

[ 1] Cummins K W. Structure and function of stream ecosystems. BioScience, 1974, 24(11) ; 631-641.

[ 2] Pearson T H. Studies on the ecology of the macrobenthic fauna of Lochs Linnhe and Eil, west coast of Scotland. II. Analysis of the macrobenthic
fauna by comparison of feeding groups. Vie et Milieu, 1971, 1. 53-91.

[ 3] Gaston G R. Benthic polychaeta of the Middle Atlantic Bight; feeding and distribution. Marine Ecology-Progress Series, 1987, 36: 251-262.

[ 4] Sanchez-Mata A, M Lastra, J Mora. Macrobenthic crustacean characterization of an estuarine area. Crustaceana, 1993, 64(3) . 337-355.

[ 5] Fauchald K, Jumars P A. The diet of worms: a study of polychaete feeding guilds. Oceanography and Marine Biology: An Annual Review, 1979,
17 193-284.

[ 6] He Z H. Freshwater Ecology. Beijing: China Agriculture Press, 2000 101-102.

[7] MaTW, Huang Q H, Wang H, Wang Z J, Wang C X, Huang S B. Selection of benthic macroinvertebrate- based multimetrics and preliminary
establishment of biocriteria for the bioassessment of the water quality of Taihu Lake. Acta Ecologica Sinica, 2008, 28(3) . 1192-1200.

[ 8] Wijnhoven S and Hummel H. Patterns in macrozoobenthic assemblages indicate the state of the environment ; insights from the Rhine-Meuse estuary.
Marine Ecology Progress Series, 2011, 436 29-50.

[ 9] Lavesque N, Blanchet H, de Montaudouin X. Development of a multimetric approach to assess perturbation of benthic macrofauna in Zostera noltii
beds. Journal Experimental Marine Biology and Ecology, 2009, 368(2): 101-112.

[10] Dolbeth M, Teixeira H, Marques J C, Pardal M A. Feeding guild composition of a macrobenthic subtidal community along a depth gradient.
Scientia Marina, 2009, 72(2) . 225-237.

[11] Macdonald T A, Burd B J, van Roodselaar A. Facultative feeding and consistency of trophic structure in marine soft-bottom macrobenthic
communities. Marine Ecology Progress Series, 2012, 445 129- 140.

[12] Carvalho S, Pereira P, Pereira F, de Pablo H, Vale C, Gaspar, M B. Factors structuring temporal and spatial dynamics of macrobenthic
communities in a eutrophic coastal lagoon ( Obidos lagoon, Portugal). Marine Environmental Research, 2011, 71(2) ; 97-110.

[13] GeBM, Bao Y X, Cheng HY, Li HH, Hu Z Y. The trophic functional groups and trophic levels of the macrobenthic community at the east tidal
flat of Lingkun Island. Acta Ecologica Sinica, 2008, 28(10) : 4797-4804.

[14] Yuan X Z, LuJJ, Liu H. Distribution pattern and variation in the functional groups of Zoobenthos in the Chanjiang estuary. Acta Ecologica Sinica,
2002, 22(12) : 2054-2062.

[15] LiXZ, Li BQ, Wang H F. Community structure of macrobenthos in coastal water off Rushan, southern Shandong Peninsula, and the relationships
with environmental factors. Acta Oceanologica Sinica, 2009, 28(5) . 81-93.

[16] State Oceanic Administration of China. The Specification for Marine Monitoring-Part 4. Seawater Analysis. Beijing: China Standards Press, 1998
382-383.

[17] Gamito S, Furtado R. Feeding diversity in macroinvertebrate communities: a contribution to estimate the ecological status in shallow waters.
Ecological Indicators, 2009, 9(5) . 1009-1019.

[18] Gamito S. Three main stressors acting on the Ria Formosa lagoonal system (Southern Portugal) ; physical stress, organic matter pollution and the
land-ocean gradient. Estuarine, Coastal and Shelf Science, 2008, 77(4) . 710-720.

[19] Word J Q. The infaunal trophic index // Bascom W, ed. Southern California Coastal Water Research Project. California, 1978 19-39.

[20] Borja A, Franco J, Pérez V. A Marine Biotic Index to establish the ecological quality of soft-bottom benthos within European estuarine and coastal
environments. Marine Pollution Bulletin, 2000, 40(12) . 1100-1114.

[21] Borja A, Muxika I, Franco J. The application of a Marine Biotic Index to different impact sources affecting soft-bottom benthic communities along
European coasts. Marine Pollution Bulletin, 2003, 46(7) . 835-845.

[22] Kaiser M J, Ramsay K, Richardson C A, Spence F E, Brand A R. Chronic fishing disturbance has changed shelf sea benthic community structure.
Journal of Animal Ecology, 2000, 69(3) : 494-503.

http ; //www.ecologica.cn



5284 JAE = 3%

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Diaz R J, Cutter G R Jr, Dauer D M. A comparison of two methods for estimating the status of benthic habitat quality in the Virginia Chesapeake
Bay. Journal of Experimental Marine Biology and Ecology, 2003, 285-286. 371-381.

Muxika I, Ibaibarriaga L, Saiz J I, Borja A. Minimal sampling requirements for a precise assessment of soft-bottom macrobenthic communities,
using AMBI. Journal of Experimental Marine Biology and Ecology, 2007, 349(2) ; 323-333.

Bascom W, Mearns A J, Word J. Establishing boundaries between normal, changed and degraded areas // Bascom W, ed. Southern California
Coastal Water Research Project Report. California, 1978 81-94.

Gaudencio Maria Jose, Cabral H N. Trophic structure of macrobenthos in the Tagus estuary and adjacent coastal shelf. Hydrobiologia, 2007, 587
(1):241-251.

Cacabelos E, Dominguez M, Troncoso J S. Trophic structure of soft-bottom macrobenthos in an inlet in north-western Spain. Journal of the Marine
Biological Association of the United Kingdom, 2009, 89(3) ; 439-447.

You Z J, Tao L, Jiao H F, Shi H X, Lou D. A survey of macrobenthos in the Xiangshan Bay. Oceanologia et Limnologia Sinica, 2011, 42(3):
431-435.

Xin J H, Ren Y P, Xu B D, Zhang C L, Xue Y, Ji Y P. Macrozoobenthos functional groups in intertidal flat of northwest Jiaozhou Bay. Chinese
Journal of Applied Ecology, 2011, 22(7) . 1885-1892.

LiXZ, YeHY, Wang Y Q, Shuai L M, Zhang B L, Li X H. Study on the quantitative dynamics of macrobenthos in Jiaozhou Bay. Studia Marina
Sinica, 2002, 44 66-73.

Hussy K, St John M A, Bottcher U. Food resource utilization by juvenile Baltic cod Gadus morhua : a mechanism potentially influencing recruitment
success at the demersal juvenile stage? Marine Ecology Progress Series, 1997, 155. 199-208.

Han J, Zhang Z N, Yu Z S. Macrobethic community structure in the southern and central Bohai Sea, China. Acta Ecologica Sinica, 2004, 24(3) .
531-537.

LBQ,L XZ, YyHY, Wang H F, Wang J B, Xu 'S, Zhang B L. Macrobenthic mollusca fauna and its relations to environmental factors in
Jiaozhou Bay. Oceanologia et Limnologia Sinica, 2005, 36(3) : 193-198.

Yang J M. A study on food and Trophic levels of Bohai Sea invertebrates. Modern Fisheries Information, 2001, 16(9) . 8-16.

Rhoads D C, Young D K. The influence of deposit-feeding organisms on sediment stability and community trophic structure. Journal of Marine
Research, 1970, 28. 150-178.

Bonsdorff E, Pearson T H. Variation in the sublittoral macrozoobenthos of the Baltic Sea along environmental gradients; a functional-group
approach. Australian Journal of Ecology, 1999, 24(4) . 312-326.

Wang J B, Li X Z, Wang H F. Ecological characteristics of dominant polychaete species from the Jiaozhou Bay. Acta Zoologica Sinica, 2006, 52
(1):63-69.

Callier M D, McKindsey C W, Desrosiers G. Multi-scale spatial variations in benthic sediment geochemistry and macrofaunal communities under a
suspended mussel culture. Marine Ecology Progress Series, 2007, 348. 103-115.

Boaventura D, da Fonseca L C, Teles-Ferreira C. Trophic structure of macrobenthic communities on the Portuguese coast. A review of lagoonal ,
estuarine and rocky littoral habitats. Acta Oecologica, 1999, 20(4) . 407-415.

Vale C and Sundby B. Suspended sediment fluctuations in the Tagus estuary on semi-diurnal and fortnightly time scales. Estuarine, Coastal and
Shelf Science, 1987, 25(5) : 495-508.

Chicharo L, Regala J, Gaspar M, Alves I, Chicharo A. Macrofauna spatial differences within clam dredge-tracks and their implications for short-
term fishing effect studies. Fisheries Research, 2002, 54(3) . 349-353.

Saito H, Ueno M, Hayashi I. Temporal fluctuation in the abundance of a semelid bivalve, Theora fragilis ( A. Adams) in Maizuru Bay, Sea of
Japan. Hydrobiologia, 1998, 375-376. 151-163.

Horikoshi M. Macrobenthic communities in Japanese coastal waters // Oceanographic Society of Japan, ed. Coastal oceanography of Japanese islands
(Suppl vol). Tokyo: Tokai University Press, 1990, 283-311.

Cai LZ, Li HM, LiuJ J, Lin P. Distribution and polluting effects on Capitella capitata, Nephtys oligobranchia, Tharyx sp. on the intertidal
mudflats in Shenzhen Estuary. Acta Ecologica Sinica 2001, 21(10) ; 1649-1653.

Wijsman ] W M, Herman P M J, Gomoiu M T. Spatial distribution in sediment characteristics and benthic activity on the Northwestern Black Sea
shelf. Marine Ecology Progress Series, 1999, 181, 25-39.

Nanami A, Saito H, Akita T, Motomatsu K, Kuwahara H. Spatial distribution and assemblage structure of macrobenthic invertebrates in a brackish
lake in relation to environmental variables. Estuarine, Coastal and Shelf Science, 2005, 63(1/2): 167-176.

Ysebaert T, Meire P, Coosen J, Essink K. Zonation of intertidal macrobenthos in the estuaries of Schelde and Ems. Aquatic Ecology, 1998, 32
(1):53-71.

http ; //www.ecologica.cn



17 3] EAME A FLIT iR YR A Sh D) ek £ A 5285

[48]

XuQZ, LiRX, Wang Z L, Fan S L., Wang Z X. Macrobenthos distribution of the South Yellow Sea in summer. Advances in Marine Science,
2009, 27(3) : 393-399.

[49] Chicharo, M A, Chicharo L, Amaral A, Condinho S, Gaspar M. Chronic effects of dredging-induced stress on the clam (Spisula solida) : nucleic
acid and lipid composition. Fisheries Research, 2003, 63(3) : 447-452.

[50] Muniz P, Pires A M S. Trophic structure of the polychaetes in the Sdo Sebastido Channel (southeastern Brazil). Marine Biology, 1999, 134(3) .
517-528.

[51] LiuLS, Meng W, Li X Z, Li Z C, Zheng B H, Lei K, Li Z Y. Studies on macrobenthos in the northern waters of Liaodong Bay: Il . Biodiversity
and community structure. Research of Environmental Sciences, 2009, 22(2): 155-161.

[52] Zhang Z N. Some progress of the study on the ecosystem dynamics for benthic-pelagic coupling. Journal of Ocean University of Qingdao, 2000, 30
(1) 115-122.

[53] Gaston G R, Rakocinski C F, Brown S S, Cleveland C M. Trophic function in estuaries: response of macrobenthos to natural and contaminant
gradients. Marine and Freshwater Research, 1998, 49(8) : 833-846.

[54] Blanchet H, de Montaudouin X, Chardy P, Bachelet G. Structuring factors and recent changes in subtidal macrozoobenthic communities of a coastal
lagoon, Arcachon Bay (France). Estuarine, Coastal and Shelf Science, 2005, 64(4) : 561-576.

[55] Fujii T. Spatial patterns of benthic macrofauna in relation to environmental variables in an intertidal habitat in the Humber estuary, UK developing
a tool for estuarine shoreline management. Estuarine, Coastal and Shelf Science, 2007, 75(1/2): 101-119.

[56] Kuosa H, Autio R, Kuuppo P, Setili O, Tanskanen S. Nitrogen, silicon and zooplankton controlling the Baltic spring bloom: an experimental
study. Estuarine, Coast and Shelf Science, 1997, 45(6) . 813-821.

[57] Bartoli M, Nizzoli D, Viaroli P, Turolla E, Castaldelli G, Fano E A, Rossi R. Impact of Tapes philippinarum farming on nutrient dynamics and
benthic respiration in the Sacca di Goro. Hydrobiologia, 2001, 455(1/3) ; 203-212.

SE Lk

[ 6] M. wokAds. Jnt. dhEA R TR, 2000: 101-102.

[13]  FEW], SO, BB, 2R, WARIDH. 54 R & AR o ) A O 2L IR A7 3 ) D RE T B 7R SR M . A2 2524, 2008, 28(10)
4797-4804.

[14]  F2%, REARGE, NZ0 RICH RS S RERE S Al i Jmy BOHAR k. A28 244, 2002, 22(12) ; 2054-2062.

[16] FEEZMEEJR. W RIS 4 3850 MoK aMpT. Jbat, shIEpRME AL, 1998 382-383.

(28] JufhAs, Mo, shipl, MEee, BPh QIR S Y DI RERERTIL. S ITH, 2011, 42(3) : 431-435.

[29] FRE,AL—F, WRERE, KSR, B2, CHING. M I 78 L 08 ke i R RS AR S0 o S RERE. I H AR 43R, 2011, 22(7)
1885-1892.

[30] ASHTIE, Tiesle, TR, M, sRERE, L. R ICBYRAN S Bd sh AR BT IE. MEERR AR T, 2002, 44 66-73.

[32] & 3%, SKaGw, Til. Ehiferh iR BRA S I BRI 454 . AEAR2441, 2004, 24(3) : 531-537.

[33] ZEsUR, Z8WE, T, £k, E&E, HRUL, skEM BN Y 58 H 7/ C R, \HESHIHE, 2005, 36(3):
193-198.

[34] WM. Wi A HESI MR B HEAE RIS I (F R, 2001, 16(9) : 8-16.

[37] &%, 2WIE, £tk BINEZ BTN IHFN SR IR, 2006, 52(1) : 63-69.

(441 BRSCAT, DILLAy, XVRAS, RIS, TRIINAT e RE =Fh 2 B AR 215 8k 5 e, AE2S4E4, 2001, 21(10) ; 1649-1653.

[48] fRIENMG, ZBdh, ERR, Whs, 5% MIBEFREURTISh Y50 BUR. 1BAERA1ERE | 2009, 27(3) : 393-399.

[51] XUsg=, daffi, 2HIE, 7 uk, MU, B, 2T ORISR AT . 1. 2R SRR, FREERL 2T

, 2009, 22(2) . 155-161.
[52] ik KR IR A ARSI 1 # T M S . 3 S P4 . AR, 2000, 30(1) : 115-122.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.33,No.17 Sep. ,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
The overview and prospect of chemical composition of plant cuticular wax «---+-eeeeeees ZENG Qiong, LIU Dechun, LIU Yong (5133)
Research progresses in carbon budget and carbon cycle of the coastal salt marshes in China = +e-eerreeeserenenemieie,
............................................................................................. CAO Lei,SONG Jinming, LI Xuegang, et al (5141)
Autecology & Fundamentals
Effects of straw interlayer on soil water and salt movement and sunflower photosynthetic characteristics in saline-alkali soils «----------
................................................................................. ZHAO Yonggan, PANG Huancheng, LI Yuyi, et al (5153)
Adaptations of dimorphic seeds and seedlings of Suaeda salsa to saline environments —«+«-seeeseeererrramirini
................................................................................. LIU Yan, ZHOU Jiachao, ZHANG Xiaodong, et al (5162)

Responses of root morphology of peanut varieties differing in drought tolerance to water-deficient stress = «-«-eeeeeeerreeeeimeiiaiinn.

.............................................................................. DING Hong, ZHANG Zhimeng, DAI Liangxiang, et al (5169)
The relationship between physiological indexes of apple cultivars and resistance to Eriosoma lanigerum in summer -«-«-«-eeeereeeeeeees
.......................................................................................... WANG Xicun, ZHOU Hongxu, YU Yi, et al (5177)
Physiological responses of Salicornia bigelovii to salt stress during the flowering stage «+ecorrerrerrrrereeernii
.............................................................................. LIU Weicheng, ZHENG Chunfang, CHEN Chen, et al (5184)
Biological characteristics and cultivation of fruit body of wild medicinal mushroom Perenniporia fraxinea «-««-+=+=«+seseeeeeeeeeeaeaiannnns

........................................................................................................................ LU Tie, BAU Tolgor (5194)

The study of characteristics of soil microbial communities at high severity burned forest sites for the Great Xingan Mountains: an

example of Slope and aSPect «+++ssrrrrrrrtitttin i BAI Aiqin,FU Bojie, QU Laiye, et al (5201)
Effect of different fertilizer combinations and straw return on microbial biomass and nitrogen-fixing bacteria community in a paddy

P PP PTPN LIU Xiaogian, TU Shihua, SUN Xifa, et al (5210)
Structural characters and nutrient contents of leaves as well as nitrogen distribution among different organs of big\headed wheat ------

........................................................................... WANG Lifang, WANG Dexuan, SHANGGUAN Zhouping (5219)
Effects of EP-1 on spatial memory and anxiety in Mus musculius «++++evereeeeeees WANG Xiaojia, QIN Tingting, HU Xia, et al (5228)

Population, Community and Ecosystem
Gap characteristics in the mixed broad-leaved Korean pine forest in Xiaoxing’an Mountaing «««««seseeeeeeereseneiimiii .
.............................................................................. LIU Shaochong, WANG Jinghua, DUAN Wenbiao, et al (5234)
Soil nitrogen and phosphorus stoichiometry in a degradation series of Kobresia humulis meadows in the Tibetan Plateau ««++eveeeeeeeeees
.............................................................................. LIN Li, LI Yikang, ZHANG Fawei, DU Yangong, et al (5245)
An analysis of carbon flux partition differences of a mid-subtropical planted coniferous forest in southeastern China = «-«-eeeeeeeeeeeeennes
.............................................................................. HUANG Kun, WANG Shaoqiang, WANG Huimin, et al (5252)
The niche of annual mixed-seeding meadow in response to density in alpine region of the Qilian Mountain, China «+«+eeeeeeereeeeeeennes
.................................................................................... ZHAO Chengzhang, ZHANG Jing, SHENG Yaping (5266)
Functional feeding groups of macrozoobenthos from coastal water off Rushan «+«+e+eeeereeeieeenes PENG Songyao, LI Xinzheng (5274)
Landscape, Regional and Global Ecology

Effects of selective culting on vegetation carbon storage of boreal Larix gmelinii-Carex schmidtii forested wetlands in Daxing’anling,

CRETIA « v veerrememenenennnnenenetneneaenes st eneaeaeeeentaeaenenetaensaaeeneenens MU Changcheng, LU Huicui, BAO Xu, et al (5286)
CO, flux in the upland field with corn-rapeseed rotation in the karst area of southwest China «-«-esseeeereemeeamieiiiiii,
.................................................................................... FANG Bin, LI Xinging, CHENG Jianzhong, et al (5299)
Monitoring spatial variability of soil salinity in dry and wet seasons in the North Tarim Basin using remote sensing and electromagn-
EUC INAUCHON INSIIUMEIILS -+« ve e eeenernsnenennrnenmmneneerenememaeereeenemnenenes YAO Yuan, DING Jianli, LEI Lei, et al (5308)
Methane and nitrous oxide fluxes in temperate secondary forest and larch plantation in Northeastern China ««---eeeeeeeeemeneneaniannnn.
............................................................................................. SUN Hailong, ZHANG Yandong, WU Shiyi (5320)
Butterfly diversity and vertical distribution in eastern Tianshan Mountain in Xinjiang —««-eseeseeeererermareiii



5448 JAE = 33 %

Dynamics of aerodynamic parameters over a rainfed maize agroecosystem and their relationships with controlling factors ««-«-+eeeeeeeeees

.................................................................................... CAI Fu,ZHOU Guangsheng, MING Huiqing, et al (5339)
The response process to extreme climate events of the household compound system in the northern slope of Tianshan Mountain ---------
....................................................................................... LI Xiliang, HOU Xiangyang, DING Yong,et al (5353)
Analysis on spatial-temporal heterogeneities of landscape fragmentation in urban fringe area: a case study in Shunyi district of
Beifing  coeeereeererreenneee et LI Can, ZHANG Fengrong, ZHU Taifeng, et al (5363)
Resource and Industrial Ecology
CPUE Standardization of Illlex argentinus for Chinese Mainland squid-jigging fishery based on generalized linear Bayesian models ------
................................................................................................... LU Huajie, CHEN Xinjun, CAO Jie (5375)

Spatial-temporal differentiation of water quality in Gufu River of Three Gorges Reservoir ««+-seeeeesreeiriiiiiiiiiii...
....................................................................................... RAN Guihua, GE Jiwen, MIAO Wenjie, et al (5385)
Urban, Rural and Social Ecology
Comparison environmental impact of the peasant household in han, zang and hui nationality region:case of zhangye,Gannan and
LANXIA i1 GANSU POVIICE +++receerrnenennenenemnmmemneenetneneueteneenterreenetenereeaeneeens ZHAO Xueyan, MAO Xiaowen (5397)
Research Notes
The seasonal variation and community structure of zooplankton in China sea «++-+ss«ssesssrrrreremiiiiiie i
.............................................................................. DU Mingmin, LIU Zhensheng, WANG Chunsheng, et al (5407)
Immunotoxicity of marine pollutants on the clam Ruditapes philippinarum «+-+++++++ssssseeerseesessiniiiiiiiiii s
.................................................................................... DING Jianfeng, YAN Xiwu, ZHAO Ligiang, et al (5419)
Influence of submerged macrophytes on phosphorus transference between sediment and overlying water in decomposition period — -+----
......................................................................................................... WANG Lizhi, WANG Guoxiang (5426)
Distribution patterns of alien herbs in the Yiluo River basin «-eeeceeeeeeeeeeeieennes GUO Yili, DING Shengyan, SU Si, et al (5438)



(ERFER)2013 £EITBE

CERZFER) RH HERBAB AR DS R, D EA RS hERHEBAE SR 0 F IR
RN A AR ] Q1R 1981 47, Hiif AR A 2# U ATV B MR IR QT MR LR . R EAEST L, AR
GG [ 7R REE R LS ) RAE S R TAE R IR R A A2 WAL, A S 2 i B i R T 17
PR HEAE S 2R SEIR AR R, S 3R I 15 35 R i i AR 28 2 B A A IR IR 55 A [ R 2R i R Rl R SR A 55

(HEAS A T2 B A 25 2 A% 0 S 2R 10 B B LA R A0 S I 5 1 SR GR BB R AR L R X
R S B AR A2 S T ) B 5 R M SO RS T s AR A2 B B vk OB AR A48 0 BT A
AR BHIFh S RIS BN 4%

CEERZARY) 2 A ), K 16 FFA 300 BT, BN E M 90 Jo/ M, 24 i 2160 TT.,

E IR & AR5 . 82-7, AR & AR5 M670

FrfEFIS . ISSN 1000-0933  CN 11-2031/Q

A5 MM SRy B T ST I, Pl B S A R R W S, Wl T KRN TAE S BMIF AT | S5 e | 1B 43
TEAETTI

WML, 100085 JLAUEFIEXAUERE 18 %5 B i&: (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M it : www. ecologica. cn

AERERIER KA WEHEME LM HITHE XIKE B ¥

4 & % Ik ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

$33E E17TH (20134E9 A) Vol. 33 No. 17 (September, 2013)
% L= <$Z§%Tﬁ>?ﬁiﬁﬁﬁ Edited by Editorial board of
Hiuhil AL HOEE X AU % 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Hi : (010)62941099 Tel: (010) 62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn .
shengtaixuebao@ rcees. ac. cn

& Em S
F & hERE AR Editor-in-chief WANG Rusong
Jr o Hh[E AR A L Supervised by China Association for Science and Technology

FP R B 2 S ERE AR ST A0 Sponsored by Ecological Society of China

Motk . b 50 E R A K 18 & Research Center for Eco-environmental Sciences, CAS

HIF L 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 4§ 2 X it Published by Science Press

Hihk . b A IR LT 16 5 Add:16 Donghuangchenggen North Street,

MR B Zm it . 100717 Beijing 100717, China
En Rl e ACARER T Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B a Beijing 100083 , China A

Hitik . AR FEIAR AL 16 5 Distributed by Science Press m :E

HRE 25 : 100717 Add:16 Donghuangchenggen North o

HL B (QIO )64034563 Street, Beijing 100717 , China ? g
- " E‘é%.i%uﬂlirﬁn%@ cspg. net Te];(.0]9)64034563 g =§
ESNEAT o BRI 1355 A Fomailsjoumal @ cspe. et S =—=°

Mtk . AL 50 399 1548 Domestic All Local Post Offices in China > g

BB 2565 . 100044 Foreign China International Book Trading g S

L£rE e one Corporation N~

;“ﬂ“‘ g TR 8013 5 Add:P. 0. Box 399 Beijing 100044 , China - E:
[RRS 1000 033 ERIMATF£AT ERERE K S 827 ESMEATR S M670 Rt 90.00 7

CN 11-2031/Q



	1.pdf
	stxb201205230767.pdf
	3.pdf
	英文ml.pdf
	17fd.pdf




