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Zooplankton diversity and its variation in the Northern Yellow Sea in the autumn

and winter of 1959, 1982 and 2009
YANG Qing ", WANG Zhenliang, FAN Jingfeng, SHAO Kuishuang, LI Hongjun

National Marine Environmental Monitoring Center, Dalian 116023, China

Abstract ; Zooplankton species diversity was monitored in the Northern Yellow Sea (121°30'—124°00'E 37°30'—40°00’
N) in the autumn and winter of 2009. Based on comparisons with historic data 1959 and 1982, the variation of zooplankton
diversity was analyzed. The connection between zooplankton diversity and sea currents and global change was also revealed.
Zooplankton samples were collected with a plankton net ( mesh size 500 pwm) in the Northern Yellow Sea (NYS). A total of
28 species belonging to 8 classes (excluding zooplankton larva and juveniles, fish eggs, and fish larvae) were collected.
Warm-temperate and eurythermal species constituted the majority of zooplankton in the NYS and only a small number of
cold-temperate and subtropical species were found. Based on zooplankton species composition at each station, community
classifications were analyzed using CLUSTER analysis and the SIMPROF test ( Primer 6.0 software). Three zooplankton
communities were distinguished as;the NYS High Salinity Water Community, the NYS Mixed Water Community and the
NYS Coastal Water Community.

In the autumn and winter of 2009, the warm water species Doliolum denticulatum and Sagitta enflata were observed in
the NYS. The average abundance of D. denticulatum was 81. 00 ind/m’ and 0. 06 ind/m’ in autumn and winter,
respectively. The frequency of occurrence was 57. 1% in autumn and 7. 1% in winter. The average abundance of S. enflata

was 0.24 ind/m’ and 0.37 ind/m’ in autumn and winter, respectively. The frequency of occurrence was 14.3% in autumn
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and 50.0% in winter. Notably, in autumn of 2009, D. denticulatum became one of the dominant zooplankton species in
the NYS. In the same season during 1959, the northward distribution limit of these warm water species did not reach the
NYS. The northward expansion of these warm water species might reveal the reinforcement of the Yellow Sea Warm Current
(YSWC) from the impacts of climate change.

Calanus sinicus and S. crassa were the main warm-temperate species and dominated the zooplankton in both seasons
measured. In autumn and winter of 2009, the abundance of both C. sinicus and S. crassa was higher than those in the same
period of 1959. In autumn, the average abundance of C. sinicus in 2009 was 3.7 times that in 1959 and 5.4 times that in
1982. The maximum abundance of C. sinicus in 2009 was 3.5 times that in 1959 and 1.7 times that in 1982. The
abundance of the main warm-temperate species has increased significantly in the NYS over the past 50 years.

We hypothesize that climate change is responsible for the northward expansion of warm water species (D. denticulatum
and S. enflata) and the increase in abundance of the main warm-temperate species ( C. sinicus and S. crassa) in the NYS.
The response model of zooplankton to climate change in the NYS ( warm-temperate sea) was different from that in the East
China Sea ( subtropical sea). This research is of scientific interest for studying the response of zooplankton to global climate

change.

Key Words; zooplankton; diversity; variation; global change; Northern Yellow Sea
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Fig.1 Map of sampling stations in the Northern Yellow Sea (NYS) Fig.2 Main current system in the NYS ( from Sun et all'7])
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Fig.4 Geographic distribution of zooplankton community in the NYS in autumn and winter

2.3 BRKFR oA S ILAE ]2 Ak

7NV T RS TR S 25 E A I K P AT A S BIFSE R TR 2009 4Rk 44 ZR X WS R 2R 7E b 8 v 1 H B, 2009
ARFK IR S 57 /N U Y W = B A i, S 2 E BE SR 81. 00 /m’, 5 i T BE K 817,50 AN/m’, B 47 Y B % R
57. 1% , 1 At 43 A5 v] sk 3 B At 26 39° B (181 5) 5 & 2/ NG TR P 24 3 BERLAIR, 2 0. 06 A/m’, i 1
BER T 1% , 2009 AR AN ERT 2O 32 B2 23500 0. 24 /~/m® F10.37 A~/m*, JLuh 37 4 32853 51
9 14.3% F150.0% , A6 AT 434 24626 39. 5° 445 (K 5)

5 57 5[] 10 R PR A 500 A L, 20009 A RKZR B8 /K /N VR I Je 5 L) S 47 = 8 R e v = 48 1982
A T, Hoh NS TR 1982 4R 62.38 N/m’ THiE A 2009 411 81.00 A/m’ e F
FEH 571,42 A~/m’ FHEZE 817.50 A~/m’  JEREST A FEREH 0.01 A~/m’ FHE 2 0.24 M/m’ e 4
A1 0.39 /m’ FHEZE 2,50 ~/m’, 1959 4Rk A Z= 8 7K BNk Vi AR A JRE 77 H 25 oKt R

L5 L RTIR 5 1959 AEAH L, LB DR R K P SN Bl /N O VA T E JRE 3 L, B AT THE 1982 4R RKZR (4
AT ) 12009 4EFK A B, H 2009 4FHFE R 1982 4R BT T, 5 AR 25 5% (1B 4) 1T
DUE Bk A ZR B2 7K /0N O VA 0 A J 5 Hhe 2 204 b 21 v /K AT RV /K LBV JOr i s i 3, 76V
(IR K AR VE BT AL T S e AT B AR 43k
2.4 FELRKF AR R HAR AR AL

HRAEYT K 28 FNSHCH: B HUR TIL PR BRI AR, 7EAU R Rk 4 Z 88 R i i sh W D 3R S 222K BB, 2009

http ; //www. ecologica. cn



21 1 Wi A5 ALK LTS SRR AR R A A 6751

/(A /) /(A /)
00—0.1 ©0.1—30 A30—100 ¢ 100—500 W 500—1000 00—0.1 ©0.1—05 40510 €1.0—10

40°N 40°N

39° L2

39° o

38°

38°

MEpEH R A&z

37° VANZEEZ *E 37°
: D. denticulatum S. enflata
: I I I I ) I I I
121° 122° 123° 124° 125°E 121° 122° 123° 124° 125°E

B 5 AtESEAMNGEEREMEG RIS
Fig.5 Distribution of the warm water species D. denticulatum and S. enflata in the NYS

AEFKZE Hp AT K R R AP S 251 0. 4501 A1 0. 2438, & Z= HAR S 40510 0. 4892 Fi1 0. 4427 , Bk
A ZEWA I 7 IR IR H] 100%

551959 45 1982 4F J 5[] 39 A 0 WM B 4 L , 2009 4E Rk B p e K B FE R B E T m B (Ee6),
HAPX B 5 e 5 B2 1959 409 3.7 £5F13.5 4%, 43 JilE: 1982 4219 5. 4 ﬁ;‘%u L7 8%, P FEE S R
F RSB 1959 4E1% 36.90 4~/m® F1 109. 00 4~/m’ F+& % 2009 411 134. 96 4~/m’ F1376.67 4~/m’, %
Z HAEPTR B RERL 1959 AFEBA T e FREBS A T RE ISR BEA R (B 6) . Bk, st dU iy -F
Py prmg 5t b a3 e RS IR (K 6) , HOF Y F 1959 4E 1Y 49. 60 4~/m® FHE & 2009 4
73.09 A~/m’, &7 UM BUAG2Y F RE R R i SR R4 1959 AR T (81 6) X R 1959 4EAY
35.00 ~/m’ FHE 2 2009 4B 52.08 A4~/m’ B FEFE 1959 4FEA 63.00 4~/m’ FHis 2 2009 41 99. 33 4~/
m’, ZE L FTIR 2009 ARk A ZRA 0 32 R R R AR K 2R RIGECH T B R B AL 1959 AR I

200 - sk % C. sinicus T Scrassa
& OFEEE 7 201 g
300 | B R A 200 +
150 +
~ 200 |
<§ 100 |
< 100 +
3 y |
£ oL i 0
g 1959 1982 2009 1982 2009
O
y .
_& 200 HRPIKE C. sinicus 150 - 4 o B S.crassa
N A% 7 S
150
100 +
100
50 +
50 +
1959 2009 1959 2009

Ee6 # . EFLEBZHIVWEEBEMFEENFEETL
Fig.6 Variation of the abundance of zooplankton main warm-temperate water species in the NYS in autumn and winter
3 e
3.1 PR UL SRR oy
Al BT b A 7 R Y, I AR R P B U AR K (DA FE R B ) LA S AT YRR I B LT R

http ; //www. ecologica. cn



6752 A E = 32 &

VG S e I o T A5 T e I 2R T 2L B SO R, T BT rh oK P (L = S 0 2 T 2 IR R R K
R B K A1) R R K TP RS BEA K AT, 3 U sl W b S A R DA B T P 3 2 b f ) ™ SR A o ., 48
T, ASHIFFE T 2009 4E 7R A0 BV B b b K PR S /N DA TR A JRE A 2 AV TR 1959 Aok i BRAE b v it
1M} 2009 4FFK 42212 th BUAEIL B T g B, AR ST A1AE 1982 ARk b i WL AR BRI 4 > | 3 B ik
T AU TR S YRR A R S A AR A U 5 i SE g K MR T BE ph BT R ST R A TR

TEARZ i MUK A2 T JE B i 1 B B AR IR I sh I RE s 45k . ARIEABIESE 2009 4EFK (42
TR S RE TS SRS R SR LB R I sy T &) 0o 3 A HETR AL BT S UK TS (A) L BEIBIR 6K
HIEVE (B) Jb B R RS K BIEEYE (C) o v A SRk R 1 Sl 43 1 860 Vg A0 2 1A DG 350 77 it 3h 4 B 9
IVAHRE R, C 55 HCAE T WAHXS B, AH AW S8l A7 AT B B 1 e AU, TR 2 L 2R 2 B R RIS TE A
WRFEAR B, G B2 ORI S T R o0 S i R AR B V8 R R e SR BRI (0 K ST A 3 5
NG A o 2 S 0 A AR FEAR K, AR A RURANRVE 2 . AR S ERBFF R KA [FAE T, 4 b ey
R IE— DAL PR A B, AMEERINA RS T HAETE A B REVE X 20 A (Ho2 Bk 2 B RETR
i AR TR AT R 19 30 2 W2 iR A rh AR P /K S RO A U FE ] R 5 T A TR (A ikl (67 3R 2 /KR ok 18°C , #h E
it 320) 42 B BEE SN REET SR B UR A0 =5 B 0 2 T A BRSO RoR T Ib BT ST R
A L 2 S A A O DX I it S A 0 ) o Tl R
3.2 Wk Z R R R SRR A )RR

NV VAR I P P B MR g B K PR SN R . KRR 1959 A 4 I TELE S TR A A5 L /N i A
A3 A1 T3 B 2R T R R T, IR S oA T e i ORI T, SRTT, 2009 4FERK AR EAT Z B T
BT TP R R T AT T 1982 AEFKZE G WA BRI G (0 A5 | B ZEAE AU B 24 R AG DU 3 3R 4> Ao
OBk A ZR IR AR N DR YR RAE PR 8 ER A i b A XA S R LA B R R AR R 1R 2

Bk A b i K SCRMIE Z — 2 B B A Dk (18] 2) , He Jb B ik 1 K = R s Fh i S K
PRGN AR KR RTE & F ok, 59 ™ E A 428 52 10 002 980V B K A
ARG X DB A TS BRI S Y MK AR A TR MR G K 0 A& R i R m AU E AL B0 DR URIETR A 2
Yt T B R O i )L 5, FLURI R AL B0 ARG T 25 BT  JU R B K R Y I s A A S
I Ui Y 2= 1 M A A B WS P ASBIFSE AR b B T Rk 28 ZRIB /K /N AT AR AT e 77t 1) A1 7] g
BRI T 226 BT 2R, HORHE R RA — o I /s VR RISt AT BB TS 26 42 BR AR A0 5 e 1 28 Vi 12 U A AL v A
(RIS, RICALAE"S X AR IR (5T 2R B WA S A D 2 5 ARV R U A D T R R e
AEVIBRR , X AL R 2.
3.3 SHE AR L

KT IR sh ) 2 REIE AR A B =S A i Wi 107, ] A 78 S AT TR AR W O T e T — 26 F 5T, IRJRAL AN
15 R B 2002 AR YT S 2 TR EUIS A /K B R HE 1959 AR FRAR RSO RBUE AR R H K
VLK SR IR R AU R B A TR AR, 2R 55 R e B T K SR B AR B | W /K R o 7 1 3 2
JEB L TE B R RO A A T R W TR, Xu SR AR R K TR I A T 2 R LR A
Euconchoecia chierchiae M IE G Cypridina dentate F) 3 FEWENN, I A 58 A R BT 1T R AR FAFH 5 10738 WA X
R AR5 B B2 L B, maimai MK ELFHE E. elongate FIEFRIELTEHE E. aculeate 1) JE W AR, AT AE
S ARRRARE Mt 25 20a ARG AYIGRA DG, £ DR | SR HE SR T i 3 W 0T A 72 R P i i 2 By
I A = A T B AR o TR AR S o 0 S 2 T Y Sl b A o D s B K R R T IR K R Y
I3 AT KA AE A 53 W | R BRI T 3 D 20 0 0 =g 2 10 ) i oy A X5 T AR Sl A i A () T v Sl b v
T S ) K RN SESE N o3 AT LR | e R B T i s BAR R B 1959 42 R /K Ao/ 147 T A% A0 IS JHE 5 Hhe R

© MWIEFEHE CTD FRBAE

http ; //www. ecologica. cn



21 4 W A AR AR S 2 R AR ) AR AR 6753

S PRAEAL B (T 2009 4F W FERK A ZR 44 L (&1 5 ), b 32 iz dfe b vp AR 377 K A R i i R R A
1959 AFHLAT T3 N (18] 6) , i 88 S e T AN[R] A A5 7 10 sl 0 0 AR AL A I AN [, AT AN ] 3 B DX 28 9 15
ST ARAL A WA AR ANR] , AT BERS S 10 S 0] 4 BRI 14 DX )3 AL A F S 4 225 Bkt

References :

(1]
(2]
[3]
[4]
[5]
[6]

[7]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Zheng Z, Li S J, Xu Z Z. Marine Planktology. Beijing:China Ocean Press, 1984.

Hays G C, Richardson A J, Robinson C. Climate change and marine plankton. Trends in Ecology and Evolution, 2005, 20(6) :337-344.
Beaugrand G, Reid P C, Ibafiez ', Lindley ] A, Edwards M. Reorganization of North Atlantic marine copepod biodiversity and climate. Science,
2002, 296(5573) :1692-1694.

Richardson A J, Schoeman D S. Climate impact on plankton ecosystems in the Northeast Atlantic. Science, 2004, 305(5690) ;:1609-1612.
Roemmich D, McGowan J. Climatic warming and the decline of zooplankton in the California Current. Science, 1995, 267(5202) ;1324-1326.
Lynam C P, Hay S J, Brierley A S. Interannual variability in abundance of North Sea jellyfish and links to the North Atlantic Oscillation.
Limnology and Oceanography, 2004, 49(3) :637-643.

Li J H, Li SJ, Zhu X M. Effects of global warming on marine zooplankton in the oceans. Transactions of Oceanology and Limnology, 2008, (4) :
137-144.

Zhang D J, Li S J, Guo D H. Impacts of global warming on marine zooplankton. Marine Science Bulletin, 2010, 12(2) :15-25.

Xu Z L, Gao Q. Labidocera euchaeta: its distribution in Yangtze River Estuary and responses to global warming. Chinese Journal of Applied
Ecology, 2009, 20(5) :1196-1201.

Zhou J, Xu Z L, Ma Z L. Effect of global warming on abundance variation of Parathemisto gaudichardi ( Amphipoda) in the Changjiang Estuary.
Acta Ecologica Sinica, 2009, 29(11) :5758-5765.

LiY, XuZ L, Gao Q. Effects of global warming on Sagitta crassa and Sagitta enflata ( Chaetognatha) in the Changjiang Estuary during different
years. Acta Ecologica Sinica, 2009, 29(9) :4773-4780.

Xu Z L, Gu X L, Zhang F Y. Species composition, diversity and density of pelagic Ostracoda in the East China Sea. Acta Oceanologica Sinica,
2007, 26(5) :96-106.

Ma Z L, XuZ L, Zhou J. Effect of global warming on the distribution of Lucifer intermedius and L. hanseni ( Decapoda) in the Changjiang estuary.
Progress in Natural Science, 2009, 19(10) :1389-1395.

Wang Z L. Preliminary studies on zooplankton community in waters around Xiao Changshan Island. Journal of Dalian Fisheries University, 2003,
18(4) :296-300.

Dong J, Liu HY, Wang W B, Li P J. The zooplankton in the coast of Northern Yellow Sea where shrimp were stocked with. Journal of Dalian
Fisheries University, 2000, 15(1) :65-70.

Wang Z L, Liu X D. A preliminary research on diel vertical migration of zooplankton in North Huanghai Sea ( Yellow Sea). Advances in Marine
Science, 1989, 7(4) :50-54.

Sun R T, Li T G, Chang F M. Distribution of benthic foraminifera and its bearing on marine environmental factors in the North Yellow Sea surface
sediments. Marine Geology and Quaternary Geology, 2009, 29(4) .21-28.

Xu Z L, Chen Y Q. Aggregated intensity of dominant species of zooplankton in autumn in the East China Sea and Yellow Sea. Chinese Journal of
Ecology, 1989, 8(4) .13-15.

Field J G, Clarke K R, Warwick R M. A practical strategy for analysing multispecies distribution patterns. Marine Ecology Progress Series, 1982,
8(2):37-52.

Wang Z L, Xu H G, Zhu J D, Zhang X G, Yang B, Liu X D, Sun D. The zooplankton of the Yellow Sea. Marine Science Bulletin, 1985, 4(5) :
33-39.

Zheng Z Z. The structure of zooplankton communities and its seasonal variation in the Yellow Sea and in the Western East China Sea. Oceanologia
et Limnologia Sinica, 1965, 7(3) :199-204.

Xiao Y C. Preliminary studies on the ecological characteristics of the zooplankton of the Yellow Sea. Transaction of Oceanology and Limnology,
1979, (2):51-55.

Xu Z L, Sun J, Lin M. Statistical analysis to ecological group of Thaliacea in the East China Sea. Acta Ecologica Sinica, 2008, 28 (11):
5698-5705.

Xu Z L, Chen Y Q. Relationships between dominant species of Chaetognatha and environmental factors in the East China Sea. Journal of Fishery

Sciences of China, 2005, 12(1) ;76-82.

http ; //www. ecologica. cn



6754 A E = 324

[25] Bao X W, Li N, Yao Z G, Wu D X. Seasonal variation characteristics of temperature and salinity of the North Yellow Sea. Periodical of Ocean
University of China, 2009, 39(4) :553-562.

[26] Tang Y X, Zhou E M, Lie H J. On the origin and path of the Huanghai Warm Current during winter and early spring. Acta Oceanologica Sinica,
2001, 23(1) :1-12.

[27] SuJ L, Yuan Y C, Jing J Z. Advances in physical oceanography in China since the establishment of the PRC. Acta Geophysica Sinica, 1994, 37
(Supp. 1) :85-95.

[28] XuZ L, Lin M, Zhang J B. Relationship of water environment and abundance distribution of Thaliacea in the East China Sea. Oceanologia Et
Limnologia Sinica, 2007, 38(6) :549-554.

SH k.

[ 1] KR, 2203, FRE. R RIEEY . Jbat. B R, 1984.

(7] ZHME, 2208, KN IBERRIEEh Y 2 REE SO A Akt R pRAEBR I e . YEVE I TR IR, 2008, (4) :137-144.

(9] RJIAL, Wl VL ORI R A /K 8 0 A1 B ekt A kAR B (G mp 17 . 7 A 252448, 2009, 20(5) :1196-1201.

(107 JEE, #RIBAL, s, VT DU IR AR L A AR AR B 1 . 225244, 2009, 29(11) :5758-5765.

(1] 2, HIRAL, mfl. T SR ORI R e i) 32 AR A X PR R B e . AR 252241, 2009, 29(9) :4773-4780.

[14]  FER. M&ILE A BT i YRR S5 R IRSE . KK =2 B 24, 2003, 18(4) :296-300.

[15]  Fh, XV, F300, 4. I SR X e s, KgAK 2=Be 74, 2000, 15(1) :65-70.

[16] FHR, XLt JLmiEFiEsi B8R R R ML, B, 1989, 7(4) :50-54.

[17]  $hoRiG, ZERRRI, & RS, JL B0 R 2 DU B A A FL AR A0 S TEAREE. Ve i 550 U208 i 5T, 2009, 29(4) :21-28.

(18] #RIEAL, PRILAE. ASEIEBK IR sh W R AT R AL SR SRt 7 I 6 FR. ARk, 1989, 8(4) :13-15.

[20] FEHER, RO, KRAER, HXME, B, XIBEF, 5. BE0FEIREY. B, 1985, 4(5):33-39.

[21]  FBFRH. B RURME VSRR IR lF sl W) B dE M0 a5 0 B 025 28 fk. 17 5 WIVE, 1965, 7(3) :199-204.

[22] HERE. WEIGIFEHEEh A FEA A R . W VETRE AR, 1979, (2) :51-55.

(23] #RIEAL, PhEE, M. ZRIBIGRESE ARG o, 2RS4, 2008, 28(11) :5698-5705.

[24] WRIRAL, BRIEE. ARWGEEWAMBF K GHEROCR. HEAR, 2005, 12(1) :76-82.

(251 #IEKSC, 208, WEGRI, RAERE. RN AR T, P RN TR . H AR, 2009, 39(4) :553-562.

[26] ke, 4R, Lie H J. & Z W3 EIGRETR A ARIR. WEE2E4, 2001, 23(1) :1-12.

[27] Fnee>s, REMERD, 2l R DRI E YN = i B R, MR s, 1994, 37 (34 HIT ) .85-95.

[28] RIRAL, R, kAR, ZRIBEEREISECE /00 K GBI R, 1S, 2007, 38(6) :549-554.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.21 November,2012( Semimonthly )
CONTENTS

Widespread of anaerobic ammonia oxidation bacteria in an eutrophic freshwater lake wetland and its impact on nitrogen cycle —«--------
................................................................................. WANG Shbmyun7 7ZHU Guibing, QU Dongmei, et al (6591)
Responds of soil enzfyme activities of degraded coastal saline wetlands to irrigation with treated paper mill effluent — --+eeeeeeeeeeeeeenes
....................................................................................... XIA Mengjing, MIAO Ying, LU Zhaohua, et al (6599)
Wetland ecosystem health assessment of the Tumen River downstream — ---«-------- ZHU Weihong,GUO Yanli,SUN Peng,et al (6609)
An index of biological integrity : developing the methodology for assessing the health of the Baiyangdian wetland -----ecoeeeeeeeeneennnes
................................................................................................ CHEN Zhan’ LIN BO’ SHANG He,et al (6619)

MODIS-based analysis of wetland area responses to hydrological processes in the Dongting Lake ««++cceceeeeeeeeeieneneiiiiiii..
.......................................................................................... LIANG Jie, CAI Qing, GUO Shenglian, et al (6628)
The diversity of invasive plant Spartina Alterniflora rhizosphere bacteria in a tidal salt marshes at Chongming Dongtan in the Yangtze
RIVET @STUALY ++vveereeessrnmnnnnsnereeeees s ottt ZHANG Zhengya, DING Chengli, XIAO Ming (6636)
Analyzing the azimuth distribution of tree ring 8 C in subtropical regions of eastern China using the harmonic analysis ++++«sssseeeesses
....................................................................................... ZHAO Xingyun, LI Baohui, WANG Jian, et al (6647)
In the process of grassland degradation the spatial pattern and spatial association of dominant species ««+«+eteeerreeereeeeiieeiiieii.e.
......................................................................................................... GAO Fuyuan, ZHAO Chengzhang (6661)
Activities of soil oxidordeuctase and their response to seasonal freeze-thaw in the subalpine/alpine forests of western Sichuan = «--------

.......................................................................................... TAN Bo, WU Fuzhong, YANG Wanqin, et al (6670)

Simulating the effects of forestry classified management on forest biomass in Xiao Xing'an Mountains ««-«+eseeeeeeereeeniieaiii...

.................................................................................... DENG Huawei, BU Rencang, LIU Xiaomei, et al (6679)
The simulation of three-dimensional canopy net photosynthetic rate of apple tree ««-eseeeerermiarerii
........................................................................ GAO Zhaoquan,ZHAO Chenxia, ZHANG Xianchuan, et al (6688)
The effect of Phomopsis B3 and organic fertilizer used together during continuous cropping of strawberry ( Fragaria ananassa Duch)
.................................................................................... HAO Yumin, DAI Chuanchao, DAI Zhidong, et al (6695)
Temporal and spatial variations of DOC, DON and their function group characteristics in larch plantations and possible relations
with other physical-chemical properties —«-eeessesereemeeieaiieiiin. SU Dongxue , WANG Wenjie,QIU Ling,et al (6705)

Comparisons of quantitative characteristics and spatial distribution patterns of Eremosparton songoricum populations in an artificial
sand fixed area and a natural bare sand area in the Gurbantunggut Desert, Northwestern China «-«-eeeeeeereeeeneeeiniiiiiiie.

.................................................................................... ZHANG Yongkuan, TAO Ye’ LIU Huiliang, et al (6715)
Comparison study on macroinvertebrate assemblage of riffles and pools:a case study of Dong River in Kaixian County of Chongging,
CRETIA ++ v oeerermenenenenenaenensenensaeaensentneneeseteneneeeneaeneneenenensens WANG Qiang, YUAN Xingzhong, LIU Hong (6726)
Nekton community structure and its relationship with main environmental variables in Lidao artificial reef zones of Rongcheng ---------
.................................................................................... WU Zhongxin,ZHANG Lei,ZHANG Xiumei, et al (6737)
Zooplankton diversity and its variation in the Northern Yellow Sea in the autumn and winter of 1959, 1982 and 2009  -«--evceeeeeeeees
................................................................................. YANG Qing, WANG Zhenliang, FAN Jingfeng, et al (674—7)

Building ecological security pattern based on land use:a case study of Ordos, Northern China «-«-e+seseeeeeeeeemieiiiiii,
............................................................................................. MENG Jijun,ZHU Likai, YANG Qianet al (6755)
Additive partition of species diversity across multiple spatial scales in community culturally protected forests and non-culturally
protected fOrests «««««««vverrmrmmrmmmiui GAO Hong, CHEN Shengbin, OUYANG Zhiyun (6767)
Environmental perception of farmers of different livelihood strategies: a case of Gannan Plateau ««+«+eeeeeeeeeeens ZHAO Xueyan (6776)
Application and compaﬁson of two prediction models for groundwater dynamics ...............................................................

.................................................................................... ZHANG Xia, LI Zhanbin,ZHANG Zhenwen, et al (6788)

Pollination success of Phaius delavayi in Huanglong Valley, Sichuan «-+-ceceeeeees HUANG Baogiang, KOU Yong, AN Dejun (6795)
Mechanism of nitrification inhibitor on nitrogen-transformation bacteria in vegetable soil = +eseseereeeereereeinniniiiiiiiiin,
................................................................................. YANG Yang, MENG Denglong, QIN Hongling, et al (6803)
Archaea diversity in water of two typical brackish lakes in Xinjiang = ---e-eeeeeeeeee DENG Lijuan, LOU Kai, ZENG Jun, et al (6811)
Abundance and biomass of heterotrophic flagellates in Baiyangdian Lake, as well as their relationship with environmental factors ------
.................................................................................... ZHAO Yujuan, LI Fengchao,ZHANG Qiang,et al (6819)
Effects of bisphenol A on the toxicity and life history of the rotifer Brachionus calyciflorus —-«-seeseeeesereeeemenmiaiiiii.

............................................................................................. LU Zhenghe, ZHAO Baokun, YANG Jiaxin (6828)

Effect of incubation temperature on behavior and metabolism in the Chinese cornsnake, Elaphe bimaculata — +++--+veeeeeeeeereieaeennnes

............................................................................................. CAO Mengjie, ZHU Si, CAI Ruoru, et al (6836)
Functional and numerical responses of Mallada besalis feeding on Corcyra cephalonica eggs ««+«+«+xteeeereeneiecneiiiniiiii..
................................................................................. LI Shuiquan, HUANG Shoushan, HAN Shichou, et al (6842)
Stability analysis of mutualistic-parasitic coupled system «-e+eeeereeeeieeeeiiiiiain. GAO Lei, YANG Yan, HE Junzhou, et al (6848)
Effect of ultra-micro powder qgiweibaishusan on the intestinal microbiota and enzyme activities in mice — =+eseeerrerereeneieeiiiieii .
................................................................................................ TAN Zhoujin, WU Hai,LIU Fulin, et al (6856)

Review and Monograph
The effects of nitrogen deposition on forest carbon sequestration .a TEVIEW ++cetteesonennetnntanseuseaeetstussussossenscsostsscassessesssanssasens

Effect of enhanced CO, level on the physiology and ecology of phytoplankton —««s««-seeesueeesursiiiiiiniiiii i
................................................................................. ZHAO Xuhui, KONG Fanxiang, XIE Weiwei, et al (6880)
Transboundary protected areas as a means to biodiversity conservation —«-e--e-eeeeeeeeees SHI Longyu, LI Du, CHEN Lei, et al (6892)
Scientific Note
The energy storage and its distribution in 11-year-old chinese fir plantations in Huitong and Zhuting ««-ecoceeeeeeeereeeaiiiiin.
................................................................................. KANG Wenxing, XIONG Zhengxiang, HE Jienan,et al (6901)
Spatial pattern of sexual plants and vegetative plants of Stipa krylovii population in alpine degraded grassland — -«-eveeeeeeeereeeenenne.

................................................................................. REN Heng, ZHAO Chengzhang, GAO Fuyuan, et al (6909)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

BRG], QT T 1981 4, F2 2 RIE A A0

SR QUBERHIFSCR | 5 0G0 BE S e B AE 252y
BT FHARAN G B BN TR RIS ST e s 2 A 4155

K JETT 0] WYL F5 LR M SO s WF ST T 41 5 AR

TN TELIRI N

(A2 M2 H ), K 16 FFAR 300 1T, [ PN EHr 90 Jo/ M, 4E 2 Hr 2160 JC,

IR %A .82-7, EAMIE & AR5 . M670
FrvfET]E- . ISSN 1000-0933

CN 11-2031/Q

A [E A5 LR Ry T P T I, ] B4 S A A AR S WG R A BRI A e A AL TR
TEAEITI

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

WEMEMRE flaty

£ 5 % B
(SHENGTAI XUEBAO)
(CEAF 1981 4E 3 A AT

EE
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHE XIKE B ¥

ACTA ECOLOGICA SINICA

('Semimonthly, Started in 1981)

324 20l (2012411 A7) Vol. 32 No.21 (November, 2012)

B (RS A Edited by Editorial board of

ik - 0RO E XL i 18 5 ACTA ECOLOGICA SINICA

EHBI&%H’—-” :100085 Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

L35 : (010) 62941099 Tel. (01062941099

www. ecologica. cn logi

. Www. ecologica. cn

shengtaixuebao@ rcees. ac. cn . .
+ B OO Shengtaixuebao@ rcees. ac. cn
+ & i E R AR S Editor-in-chief FENG Zong-Wei

fo ML A2 A Supervised by China Association for Science and Technology
B PEAESEES P Y &
2R 2S5 e ASTA 23,0 Sponsored by Ecological Society of China

rh R B AR IR 0

Hutik AL BT IE X AU K 18 & Research Center for Eco-environmental Sciences, CAS

M I 4 i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
H MR 4+ 4 & I3 it Published by Science Press

Mkl . b R AR AL 16 5 Add ;16 Donghuangchenggen North Street

HE B 2wt . 1RO0717 Beijing 100717, China
En 1 s N2 Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K & Beijing 100083 , China

A

itk AR BEIRARILE 16 5 Distributed by Science Press :?’ :=

Hﬂ[ﬁiﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North o

::E‘ﬁ 31(910)6fé34563 Street , Beijing 100717 , China T =

-mail ; journal @ cspg. net Tel. (010) 64034563 o V-

) e Eir'la(i]- 'ol)lrnal@ cspg. net 8 _2
ESh & T HhEEERE A S B Y she e - =—°

Hih- :“34?— 399 ,fé%‘ﬁ Domestic All Local Post Offices in China > 8

H AN [=} '

HBEL 56D - 100044 Foreign China International Book Trading (7] o
532 E *@Iﬁf‘ﬁﬁ - Corporation 2 E
i W OIE » T 8013 Add:P. 0. Box 399 Beijing 100044 , China = o
ISSN 1000-0933 4= = =
e —— ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	2012-21fm.pdf
	z21ml.pdf

	stxb201109151349.pdf
	02.pdf
	y21ml-2.pdf
	21fd.pdf


