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Effects of the covering behavior on food consumption, growth and gonad traits of

the sea urchin Glyptocidaris crenularis
LUO Shibin, CHANG Yaqing” , ZHAO Chong, ZHOU Haisen

Key Laboratory of Mariculture & Stock Enhancement in North China's Sea, Ministry of
Agriculture, Dalian Ocean University, Dalian 116023, China

Abstract It is well known that the functions of the covering behavior of sea urchins include protection against predation,
waves and avoiding over-exposure to light and particles. However, the effects of the covering behavior on fitness traits of sea
urchins are not known. This lack prevents our understanding the selective pressure for the covering behavior of sea urchins.
The evolutional drives of the covering behavior of sea urchins require studying the effects on fitness traits. The present study
investigated the effects of covering behavior on food consumption, growth and gonad traits in comparison to the effects of the
sheltering behavior in Glyptocidaris crenularis. Our study had three treatments; sea urchins with access to covering material
(shells of the clam Ruditapes philippinarum) , sea urchins with access to shelter ( bricks) and sea urchins without access to
shells or shelter. Food consumption, growth and gonad traits were measured. Food consumption of the sea urchins that
covered themselves with shells was significant higher than that in the group with access to shelter ( P<0.05). However,

food consumption in the groups with shells or shelter was not significantly different from the group without shells or shelter
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(P>0.05). The three groups showed no significant difference in survival (P>0.05). Sea urchins in the groups with or
without shells had a significantly higher test diameter, test height, wet body weight, wet gonad weight, dry gonad weight,
gonad index, wet test weight, dry test weight, wet lantern weight and dry lantern weight than those with access to shelter
(P<0.05). However, no significant difference of these traits was found between the groups with shells and without shell or
shelter (P>0.05). The lantern index of sea urchins in the group without access to shells or shelter was significant lower
than those with access to shells or shelter (P<0.05). There were no significant differences in the traits for the two groups
(P>0.05). In the present study, we found negative effects of sheltering behavior of the sea urchins compared to the group
with no access to shells or shelter. No such negative impacts were found on the individuals covering themselves with shells.
The present study provides evidence on the differences between covering and sheltering behaviors. The effect of the covering
behavior on growth and gonad traits were significantly different from those of the sheltering behavior in G. crenularis. The
results of this study also indicate that the covering behavior represents an adaptation of G. crenularis in adverse
environmental conditions. However, we should be aware that the present study is far from knowing the selective pressure of
the covering behavior in G. crenularis. Further studies should be done to understand the evolutional drives of the covering

behavior of G. crenularis.

Key Words: covering behavior; Glyptocidaris crenularis; growth; gonad
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Fig. 1 Test diameter, test height and body weight of the three groups during the experiment
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Table 2 The Mean+standard deviation (SD) and significant differences of anatomic traits according to One-way ANOVA
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UL

Treatment
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Table 3 The Mean+SD and significant differences of anatomic traits according to the Nonparametric tests
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Fig.2 Observation of the covering and sheltering behavior of Glyptocidaris crenularis in the laboratory

RS R VSRR A X R A T O AN SRR TR AR 00 J5 RAEAT O T — e L BRSSP KA
150, BMETEA R I XA T AR LA (1 2) o

TEA W8 K A eI RE b AT AT R BT AR 2 2o A e 55 365 I A0 25 2R | R 2 0 AR WA B 1 A 3 5
PR, R X BT O R AT SR A T A B AR R R I G AR PR I SR T A L U
G PR r ) ST R B T A P O SR R H RO T ORREAETE R AR S i T HA KR E
S AN R 28 7 A T A R S 277 A T 9 3 B T L1 8 W A Ay A L R — 2 e 1 R B o AR
M b T RE AL T2 X AR A A K i G TR, LA DL SR Sk A AV L) A R R L B B A 4%
(76 ELRFRAT MERRY) AT 525 AR B0 225, HE W& R TR, 3wl DI R8T o i
A PR FEIT B 2 & 1 AR R E AR S, AN T J0 5 1 M ) 300 R A I e 2% 1 (R HE i 201, JBE e 4 1 2
KB R BRSO R B AT REA 3 A5t A o 55— J2 1 0 0 ok 34 408 72 ke b ST A T A 1Y) B 1V
FE , JHCTHACZE i E P58 7 B 0 3 K TR A Mg R T35 VAL 38 R A W R I S e — e R B TR ) 2%
PET R LB B B AR b 25> S e s o 4 N 2 =2 T 1 A R B AR A A (5 I FRHRAT
PERR) B9 B HRBA B & 1Y 22 5, RN E AT TRR 2 28 T 2, 3 1ok o B 4 1) Jist PRI AR 7T BB Al A = 1 2 e
2L 1 T JIEL S 2 s 20 (R AT B8] — e 88 ) ' R T g 2 s JOEL 7 o S g R v DU AS 25 X R 3 3 i
A THERE A AR AR E o 8= R R A A AR R RO TR AR AT RN R A R RORN
REWRM S, M HZE N T Pk AR AW — AT 7 R URAEMES, X —-dE&gEiRh
( Brachionus calyciflorus) YEREIE R rF53] T EDIE, Becks 1 Agrawal ™" i i 76 5236 28 2148 F g 48 L 7E AR
[R5 R T AR ol A el A i B, A M A BT T e A T B R B A i, A P 2R 8 00 S B U T 3
BN IS4 T — B s R 1k AR b i BRI A A B A 2 8 W R 55 , O M AR B W s T
Verling''® 2V 8 A H i 19T 5 s 26 W I AR (4 3 Fh A TR S A T el i DL RO R KSR I 3R 44
B R0 B INAAIG RO . T kA W B — 2D T AT Ry WP B TS 2 e A K R F
DL — 20 T AT o B AL RO AR A 16 s iy s e, B i B A KRR B Z R EH LT
FEARZH , 33X T RE I H T B A4 Vi AR B 1 i W R T ZE e Jn) o HERCA T Ry B RACA T Ry T A T JIE Ay S e
HNFEARN AT W — AT o TR A 2 PR AR FE RE A T o |, IS R 2 — L 2 PR AT X T B34S
MIMED) o AR TR TR, A T 2 2 (I S AR A B, 31X — R SE 3 P As 31 1 RS, S i 2
Y40 B R TR

AN]SR R HE AR K AEAN R 1 i B BB, BB 03 1 19 B A BT AN [, B 425 8 4 22 ) 1) B 23 FiC
SR T 25 5 00 TS /NS VR 2 B RN 52 R 1 AR08 2R T A B R A LA DA B AR B AR A
ML Z IRIAEAE AR % ik 4L VA FIE P B KT 8 50 B o 3 K T Sl e 4 R 3 P AR08 R T 235 0 200 R i 21

http ; //www. ecologica. cn



2 4 BT A R T R RTE B AR R AR R 5 407

) i 5 ) 2 k2 R TS 4L, 3 T BB A2 P T I S A A R T SRS ) AR B T A B e TR B ) 22 S
g

VI W52 00 iR (6. crenularis) BRI T 02 H B S RKHPE g — M EA T8, B T BT AR
ANFIIREE S B —Fhad M, A A T 42 i HSE R GE 1 AN X AN AR FE T B9 RE 1, AR TR B LIV AR RE IR S5 h
A AEXFRAT A XA A S A KRR B AR B, R A T AR B R T, A RRIRANFAY

References:

[ 1] Jiang Z G, Wang Z W. Origin, development and prospective in behavioral ecology. Journal of Nature, 1997, 19(1) ; 43-46.

[2] LiFS, Ma] Z. Behavioral ecology of black-necked crane during winter at Caohai, Guizhou, China. Acta Ecologica Sinica, 2000, 20(2) .
293-298.

[3] WangHS, XuHF, Cui F, Xu Y Y, Zhou Z. Effects of temperature on mating behavior and fecundity of beet armyworm Spodoptera exigua

(Hiibner). Acta Ecologica Sinica, 2004, 24(1) : 162-166.

] Simmons P J, Young D. Nerve cells and animal behaviour. Yale Journal of Biology and Medicine, 2011, 84(3) ; 329-329.

[ 5] Salvanes A G V, Moberg O, Braithwaite V A. Effects of early experience on group behaviour in fish. Animal Behaviour, 2007, 74(4) . 805-811.

] Brown C, Laland K, Krause J. Fish Cognition and Behaviour. Britain: Blackwell Publishing Ltd, 2011.

] Lawrence ] M, Chang Y Q, Cao X B, Lawrence A L, Watts S A. Potential for production of uni by Strongylocentrotus intermedius using dry

formulated feeds. Journal of the World Aquaculture Society, 2011, 42(2) . 253-260.

[ 8] James P J, Heath P L. The effects of season, temperature and photoperiod on the gonad development of Evechinus chloroticus. Aquaculture, 2008 ,
285(1/4) ; 67-77.

[9] ChangY Q, Ding J, Song J, Yang W. Biology Research and Breeding of Sea Cucumber and Sea Urchin. Beijing: Ocean Press, 2004 ; 199-268.

[10] Jones G P, Andrew N L. Herbivory and patch dynamics on rocky reefs in temperate Australasia: The roles of fish and sea urchins. Australian
Journal of Ecology, 1990, 15(4) . 505-520.

[11]  Scheibling R E, Hamm J. Interactions between sea urchins ( Strongylocentrotus droebachiensis) and their predators in field and laboratory
experiments. Marine Biology, 1991, 110(1) . 105-116.

[12] Nishizaki M T, Ackerman J D. Juvenile-adult associations in sea urchins Strongylocentrotus franciscanus and S. droebachiensis: is nutrition
involved?. Marine Ecology Progress Series, 268 : 93-103.

[13] Nelson B V, Vance R R. Diel foraging patterns of the sea urchin Centrostephanus coronatus as a predator avoidance strategy. Marine Biology, 1979,
51(3).251-258.

[14] Adams N L. UV radiation evokes negative phototaxis and covering behavior in the sea urchin Strongylocentrotus droebachiensis. Marine Ecology
Progress Series, 2001, 213 87-95.

[15] Amato K R, Emel S L, Lindgren C A, Sullan K M, Wright P R, Gilbert J J. Covering behavior of two co-occurring Jamaican Sea Urchins
differences in the amount of covering and selection of covering material. Bulletin of Marine Science, 2008, 82(2) ; 255-261.

[16] Verling E, Crook A, Barnes D. Covering behaviour in Paracentrotus lividus; is light important? Marine Biology, 2002, 140(2) : 391-396.

[17] Richner H, Milinski M. On the functional significance of masking behaviour in sea urchins-an experiment with Paracentrotus lividus. Marine
Ecology Progress Series, 2000, 205 307-308.

[18] Dumont C P, Drolet D, Deschénes I, Himmelman J H. Multiple factors explain the covering behaviour in the green sea urchin, Strongylocentrotus
droebachiensis. Animal Behaviour, 2007, 73(6) : 979-986.

[19] TLees D C, Carter G A. The covering response to surge, sunlight, and ultraviolet light in Lytechinus anamesus ( Echinoidea). Ecology, 1972, 53
(6): 1127-1133.

[20] Nichols K D. The Effects of Predators and Habitat on Sea Urchin Density and Behavior in Southern California Kelp Forests. San Diego: San Diego
State University, 2009.

[21] Agatsuma Y. Effect of the covering behavior of the juvenile sea urchin Strongylocentrotus intermedius on predation by the spider crab Pugettia
quadridens. Fisheries Science, 2001, 67(6) : 1181-1183.

[22] Dix T G. Covering response of the echinoid Evechinus chloroticus (Val. ). Pacific Science, 1970, 24(2) . 187-194.

[23] Kehas A J, Theoharides K A, Gilbert J J. Effect of sunlight intensity and albinism on the covering response of the Caribbean sea urchin Tripneustes
ventricosus. Marine Biology, 2005, 146(6): 1111-1117.

[24] James D W. Diet, movement, and covering behavior of the sea urchin Toxopneustes roseus in rhodolith beds in the Gulf of California, México.

http ; //www. ecologica. cn



408 A E = 334

[25]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]

Marine Biology, 2000, 137(5/6) : 913-923.

Verling E, Crook A C, Barmes D K A. The dynamics of covering behaviour in dominant echinoid populations from American and European west
coasts. Marine Ecology, 2004, 25(3); 191-206.

Sige J] E, Lloyd-Knight K M, Boal J] G. UV radiation influences covering behaviour in the urchin Lytechinus variegatus. Journal of the Marine
Biological Association of the United Kingdom, 2007, 87(5) : 1257-1261.

Pennisi E. Evolutionary time travel. Science, 2011, 334(6058) . 893-895.

Fan J W, Zhong H P, Liang B, Du Z C. A study on competition among perennial ryegrass and six other species in different conditions of stress and
disturbance. Acta Phytoecologica Sinica, 2003, 27(4) . 522-530.

Liu X M. Environmental variation and fecundity response pattern reveal the inevitable extinction of large animals. Bulletin of Biology, 2009, 44
(10): 1-7.

Becks L, Agrawal A F. Higher rates of sex evolve in spatially heterogeneous environments. Nature, 2010, 468 (7320) : 89-92.

Becks L, Agrawal A F. The effect of sex on the mean and variance of fitness in facultatively sexual rotifers. Journal of Evolutionary Biology, 2011,
24(3) : 656-664.

Fernandez C, Boudouresque C F. Nutrition of the sea urchin Paracentrotus lividus ( Echinodermata: Echinoidea) fed different artificial food.
Marine Ecology Progress Series, 2000, 204 131-141.

Lyons D A, Scheibling R E. Differences in somatic and gonadic growth of sea urchins ( Stronglyocentrotus droebachiensis) fed kelp ( Laminaria

longicruris) or the invasive alga Codium fragile ssp. tomentosoides are related to energy acquisition. Marine Biology, 2007, 152(2) . 285-295.

S 3k

PN, T 7RSI R AR, HRZE, 1997, 19(1) : 43-46.

2L, DR A RIS AR T A A ST, AR 2EHR, 2000, 20(2) ; 293-298.

Euip, ke, R, VOkE, FE. REXTHISERRATET R B AR . SRR, 2004, 24(1) : 162-166.

W, TH, RE, BE. 82 GEYSFI5 5%, J0aT. i H L, 2004 199-268.

BEVTLSC, ARV, G, Fbib. fEARE RO T RER SHE 6 FEWmseeirsR. MmAESSEH, 2003, 27(4) : 522-530.
X/INB. P IR AR AL A B e R R KR B K A SR . AR RFE A, 2009, 44(10) ¢ 1-7.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.2 January,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review
Spatio-temporal heterogeneity of water and plant adaptation mechanisms in karst regions: a review «oseeeeeerreeerieniii
.......................................................................................... CHEN Hongsong, NIE Yunpeng, WANG Kelin (317)
Impacts of mangrove vegetation on macro-benthic faunal communities «++++-+++- CHEN Guangcheng, YU Dan, YE Yong, et al (327)
Advance in research on the occurrence and transformation of arsenic in the freshwater lake ecosystem ««-«+oeeeeereeeeieeeiiiiiii...
....................................................................................... ZHANG Nan, WEI Chaoyang, YANG Linsheng (337)
Application of nano-scale secondary ion mass spectrometry to microbial ecology study ««eeoeeeerererreeeiiiii
................................................................................................ HU Hangwei, ZHANG Limei, HE Jizheng (348)
Carbon cycle of urban system: characteristics, mechanism and theoretical framework --------- ZHAO Rongqin, HUANG Xianjin (358)
Research and compilation of urban greenhouse gas emission inventory =~ «+e-eeeeeeeeeeeeeceenes LI Qing, TANG Lina, SHI Longyu (367)
Autecology & Fundamentals
Seed dispersal and seedling recruitment of Ulmus pumila woodland in the Keerqin Sandy Land, China «+-eeeeeeeeeeremeeiieaeiiii...
............................................................................................. YANG Yunfei, BAI Yunpeng, LI Jiandong (374)
Influence of environmental factors on seed germination of Bombax malabaricum DC. -+« cevevreeereeininiiiiiiiii
.............................................................................. ZHENG Yanling, MA Huancheng, Scheller Robert, et al (382)
Carbon, nitrogen and phosphorus stoichiometric characteristics during the decomposition of Spartina alterniflora and Cyperus
malaccensis var. brevifolius 1itters <+« +ecoeeereeeeeeaaiiiaiiiiiie, OUYANG Linmei, WANG Chun, WANG Weiqi, et al (389)
Home range of Teratoscincus roborowskii ( Gekkonidae) ; influence of sex, season, and body size —+eeeeeeereeeeeneeeiiiiiii.,
................................................................................................... LI Wenrong, SONG Yucheng, SHI Lei (395)
Effects of the covering behavior on food consumption, growth and gonad traits of the sea urchin Glyptocidaris crenularis =~ <+-+---eee---
.................................................................................... LUO Shibin, CHANG Yaqing, ZHAO Chong, et al (402)
Biological response of the rice leaffolder Cnaphalocrocis medinalis ( Giienée) reared on rice and maize seedling to temperature «---+-+:-
........................................................................... LIAO Huaijian, HUANG Jianrong, FANG Yuansong, et al (409)
Population, Community and Ecosystem
Composition and stability of organic carbon in the top soil under different forest types in subtropical China «+++eseeereeeeereeraeieniniiinnn.
................................................................................. SHANG Suyun, JIANG Peikun,SONG Zhaoliang, et al (416)
The community characteristics of different types of grassland under grazing prohibition condition «--«-sseseeeereemereeaiiniiiiii.,
....................................................................................... ZHANG Pengli, CHEN Jun, CUI Shujuan, et al (425)
Spatial pattern and competition relationship of Stellera chamaejasme and Aneurolepidium dasystachys population in degraded alpine
GRASSIAnd +++eveeeeeen e REN Heng, ZHAO Chengzhang (435)
SOC decomposition of four typical broad-leaved Korean pine communities in Xiaoxing’ an Mountain — ««-esoeseeereeereeeniieaii...
.......................................................................................... SONG Yuan, ZHAO Xizhu, MAO Zijun, et al (443)
The influence of vegetation restoration on soil archaeal communities in Fuyun earthquake fault zone of Xinjiang «««-eceeoveeeeeeeeeeeenns
................................................................................................ LIN Qing, ZENG Jun,ZHANG Tao,et al (454)
Effects of fertilization regimes on soil faunal communities in cropland of purple soil, China =«-seeseeeemereeemeniaii
.................................................................................... ZHU Xinyu, DONG Zhixin, KUANG Fuhong, et al (464)
Woody plant leaf litter consumption by the woodlouse Porcellio scaber with a choice test ««++e+eeeeeees LIU Yan,LIAO Yuncheng (475)
The bacterial community of coastal sediments influenced by cage culture in Xiangshan Bay, Zhejiang, China — «-ceeceeeeeeeeieeienes
.................................................................................... QIU Qiongfen, ZHANG Demin, YE Xiansen, et al (483)
A study of meiofauna in the COMRA's contracted area during the summer of 2005 ««+vreeererererrmiriiiiiii
........................................................................... WANG Xiaogu, ZHOU Yadong, ZHANG Dongsheng, et al (492)
Hydrologic regime of interception for typical forest ecosystem at subalpine of Western Sichuan, China = +eeererereeereemeeiiiii.,
....................................................................................... SUN Xiangyang, WANG Genxu, WU Yong, et al (501)
Landscape, Regional and Global Ecology

Sensitivity and vulnerability of China’s rice production to observed climate change —<+-v+eveereerenreiieiiiii



668 A E = 334

Characteristics of temperature and precipitation in Northeastern China from 1961 to 2005 «««ceeeeeeereenreeniiamiiiiin,
.......................................................................................... HE Wei, BU Rencang, XIONG Zaiping, et al (519)
Combined effects of elevated O, and reduced solar irradiance on growth and yield of field-grown winter wheat — «-+-eeeeereeeeereiineenns
.................................................................................... ZHENG Youfei, HU Huifang, WU Rongjun, et al (532)
Resource and Industrial Ecology
The study of vegetation biomass inversion based on the HJ satellite data in Yellow River wetland — «-eceeeeereeneeeeeiieiniiniiiin,
................................................................................. GAO Mingliang, ZHAO Wenji, GONG Zhaoning, et al (542)
Temporal and spatial variability of soil available nutrients in arable Lands of Heyang County in South Loess Plateau «+-«+eeeeeeeeeeeeses
.......................................................................................... CHEN Tao, CHANG Qingrui, LIU Jing, et al (554)
Decomposition characteristics of wheat straw and effects on soil biological properties and nutrient status under different rice culti-
Ty D L T T TN WU Ji, GUO Xisheng, LU Jianwei, et al (565)
Effects of nitrogen application stages on photosynthetic characteristics of summer maize in high yield conditions ««+-+eeeeeeeeeeeeeecene.
............................................................................................. LU Peng, ZHANG Jiwang, LIU Wei, et al (576)
Urban, Rural and Social Ecology
The degradation threshold of water quality associated with urban landscape component ««««+eeeeeeeeeereeneiiiiiiiiiiie,
....................................................................................... LIU Zhenhuan, LI Zhengguo, YANG Peng, et al (586)
Ecological sustainability in Chang-Zhu-Tan region:a prediction study —«e+oreeeeerereeeeeieiiiii. DAI Yanan,HE Xinguang (595)
The effect of exogenous nitric oxide on activities of antioxidant enzymes and microelements accumulation of two rice genotypes
seedlings under cadmium stress «eesereeerereeeriiiiiii ZHU Hanyi, CHEN Yijun, LAO Jiali, et al (603)
Forms composition of inorganic carbon in sediments from Dali Lake ++-eevee-ee- SUN Yuanyuan, HE Jiang, LU Changwei,et al (610)
Fractionation character and bioavailability of Cd, Pb, Zn and Ni combined pollution in oasis soil =~ «e+ererererereremieiiiiiiiii...
....................................................................................... WU Wenfei, NAN Zhongren, WANG Shengli, et al (619)
Effects of CA and EDTA on growth of Chlorophytum comosum in copper-contaminated soil = «+eeeeerererererariiiiiiiiii..
............................................................................................. WANG Nannan, HU Shan, WU Dan, et al (631)
Research Notes
Values of marine ecosystem services in Haizhou Bay — «++eeeeeeeeeees ZHANG Xiuying, ZHONG Taiyang, HUANG Xianjin, et al (640)
Variations of Leymus chinesis community, functional groups, plant species and their relationships with climate factors —+eeeeeveeeeeeeens
......................................................................................................... TAN Liping, ZHOU Guangsheng (650)
The effect of N:P supply ratio on P uptake and utilization efficiencies in Larix olgensis Henry. seedlings —+e-eeeeerereeereeeiiiiin.e.
.......................................................................................... WEI Hongxu, XU Chengyang, MA Liiyi,et al (659)



(AR R EAE S A2 T

(EFFR)2013 FMEITHRE

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

FEIR IR BRI R SR | R0 BE S e AR A A2

Bk ARG B AT R AR B AS SOT RS = A R45
CHEZSZE) 2 H A, K 16 FF4%,300 BT, B N2 90 Jo/ M, 448 22 fr 2160 TG,
PR &A% . 82-7, [ AMIR £ AR5 . M670

FRUET]S . ISSN 1000-0933

CN 11-2031/Q

K JET5 1 AL F5 SRR R SO s W ST M4l s AR A 2 B BE

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

TESETT R

I HE . 100085 Jb R X XUEH 18 5 H

E-mail. shengtaixuebao@ rcees. ac. cn

2

WEMEMRE flaty

iE: (010)62941099; 62843362

HE: www. ecologica. cn

HITHE XIKE B ¥

£ & ¥ W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semimonthly, Started in 1981)
(lliﬂﬁj 1981353)%@”{”) Semimon y,; arted in
$33% H2H (201341 H) Vol. 33 No.2 (January, 2013)
B (RS A Edited by Editorial board of

H Ht H
ShgR 3

Ho AR
B Rl
®x 17
iT M
B &1T
ITERE
W Al E

Hhik b5 XU 18 5
MR L 4 % - 100085

LG : (010)62941099

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

HhE R AR S

rf E b B A AR T L
Huhk . 6 BT E KBS I 18 &
R B 2 1 - 100085

- & B i
otk S AR BIARIL AT 16 5
R i 5 : 100717
At AREN R

- & B i
itk AR BEIRARILE 16 5
B s . 100717

L35 : (010) 64034563

E-mail ; journal @ cspg. net

4 [ - HU bR )R

rp ] [ B 5 57 ) S )
Hudk . b5 399 546

MR L i 5 : 100044

UG LRI 8013 5

Editor-in-chief

Super

Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

ACTA ECOLOGICA SINICA

Add: 18, Shuangqing Street, Haidian , Beijing 100085 , China

Tel: (010)62941099

www. ecologica. cn
Shengtaixuebao@ rcees. ac. cn
WANG Rusong

vised by China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add 18, Shuangqing Street, Haidian , Beijing 100085 , China

Science Press

Add:16 Donghuangchenggen North Street,
100717 ,China

Beijing Bei Lin Printing House,

Beijing 100083, China

Science Press

Beijing

Add:16 Donghuangchenggen North
Street, Beijing 100717 , China

Tel: (010)64034563

E-mail ; journal @ cspg. net

All Local Post Offices in China
China International Book Trading

ISSN 1000-0933

Corporation
Add:P. O. Box 399 Beijing 100044 , China

9“771000 093132

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 90.00 T



	01.pdf
	fm.pdf
	zml.pdf

	stxb201111241797.pdf
	03.pdf
	yml.pdf
	02fd.pdf




