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Effect of incubation temperature on behavior and metabolism in the Chinese

cornsnake , Elaphe bimaculata

CAO Mengjie, ZHU Si, CAI Ruoru, MAO Fei, LIN Longhui”
Hangzhou Key Laboratory of Animal Adaptation and Evolution, School of Life Sciences, Hangzhou Normal University, Hangzhou 310036, China

Abstract: Elaphe bimaculata ( Colubridae) is a small rat snake (60—80 c¢m) found in China. We collected adult E.
bimaculata from a population in Jiangsu, Eastern China, to study the effect of incubation temperature on hatchlings’
metabolism and behavior. We incubated the eggs at their constant temperatures (24, 27 and 30 C ). All hatchlings were
used to evaluate the response to chemical cues, respiration metabolism and sex determination. Because physiological and
behavioral performances are highly sensitive to variation in body temperature in reptiles, we conducted all trials at the body
temperature of 28 °C. This was achieved by placing hatchlings in an incubator at the test temperature for approximately 1h
prior to the test. We presented a cotton-tipped applicator soaked with cologne water to the lip of hatchlings and recorded
tongue flicks for 1 min. Tongue flicking was measured because many reptiles flick their tongues frequently to detect both
predators and prey and to gather information about other members of their own species. This behavioral character is therefore
a potentially important indicator of fitness.

Selected body temperature was examined in a 100 em X 60 ¢cm X 60 c¢m terrarium covered with sand, sward and pieces
of clay tiles. The terrarium was placed in constant temperature rooms where the temperature was set at 24 °C. One light
bulb (200 W) suspended above one end created a thermal gradient ranging from room temperature to 50 °C for 12h daily,
and lights were switched on at 07 ;00 h. Snakes were moved from the cool side into the terrarium at 10:00 h and, 24 h
later, they were measured for body temperature ( cloacal temperature, Th) at 13;00 h using a UT- 325 electronic

thermometer ( made in Taiwan) individually, which had an external thermal probe and was previously calibrated with a

EL£WE . BRH AR 4T H (31070339) FI#iiLA8 w8 SR A5 A BAI5 H (2010R50039)
rfE B HA:2011-09-18; &7 B #5:2012-02-28
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standard thermometer. Great care was taken to avoid heat transfer occurring between hands and the measuring snake.
Hereafter, we continuously measured the temperature of hatchling snakes for three days.

Our results reveal that there were no significant differences in the effects of incubation temperature (24—30 °C) on
hatchlings’ tongue flicks, selected body temperature, respiration metabolism and the initial feeding in E. bimaculata. The
amount of carbon dioxide was decreased with the increase of age from nativity to residual yolk, and the amount of carbon
dioxide decreased to minimum value when the hatchlings’ residual yolk was absolutely exhausted. The amount of carbon
dioxide breathed out by hatchlings incubated at 24, 27 and 30 C was 10. 58 ,12. 06 and 10. 88 wl/min respectively.
Influences of incubation temperatures on hatchling initial feeding was negligible; the weight of preys were 4.92, 4.34 and
3.60 g and the proportion of predation was 46.2% , 56. 3% and 40% by hatchlings incubated at 24, 27 and 30 C
respectively. Our results reveal that the effects of incubation temperature (24—30 °C) on hatchlings behavior and feeding

are not significant in E. bimaculata. E. bimaculata fit to live in this temperature range.

Key Words: Colubridae; FElaphe bimaculata; metabolic rate; selected body temperature; incubation temperature;

tongue flicking
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d‘j ,35[51_
g e~
;:s 25 |- 7— 7_ 7— §§ ok
& 3
E‘{ 20 H a 10
< $
&
15 |- 7 8 % %
- L 6 | | | | | | | | J
10 24 7 20 0 2 4 6 8 10 12 14 16
WE4LIRFE Incubation temperature/°C H KB Growth time/d
B1 3 ARERERE LR R T 05 0 S48 4 40 4 9 it 5 57 B2 3 MERENRAL IR B T B 58 e 4 1 B 4 2 A e 1] ST
W (R/min) JEFRER(C) FRERR IS (CO, FotE ) KOEUHRIFEHEMNTL

Fig.1  Tongue flicking, selected body temperature and CO, Fig. 2 Temporal changes in CO, production of hatchlings

incubated at three constant temperatures

el P SRR TR, R ARBRIT I A 5 d B 1 IR

production of E. bimaculata hatchlings incubated at three

constant temperatures

BT R R
IF AT Yo 4l AP B 1T R Ttk 35 B TR (one-way ANOVA, F, (=2.37, P=0.12),(F 1), 24 27 Hl 30
C AL L T I R Al AR BT USR03 4. 92 4. 34 1 3. 60 g, AL T B A MR HOE S35 24 %R B R
i L1 Al A BRI 46. 2% 56.3% F140% (% 1)
F1 34NFEMEERLRE THH TR E0EE MY NER R

Table 1 Number of ingestion individual and initial mass of ingestion of E. bimaculata hatchlings incubated at three constant temperatures

AL IR BE JEAEE: B PR i (FE )
Thermal treatment /°C Number of hatchling Number of ingestion individual Initial mass of ingestion/g
24 13 6 4.92+0.43 " (3.4—6.66)
27 16 9 4.34+0.41(2.6—5.85)
30 15 6 3.60+0.28(2.87—4.84)
* PHEIE HhriiiR

http ; //www. ecologica. cn



6840 H

2
He

Eild 32 &

3 g

SEFAL TR X € AT 2 Wy 0% s A 1A 9 AT Sy 3R B — € I 52, 4R FRIE ( Bungarus multicintus ) 75 %5 5 i J&
(30°C) T AR AT Ry 2 PR HAB AR A R AL TELRE (24 A1 27°C ) BL4™) i X XUBKE 3 e [ a4 A1 ot B 0
(Gloydius brevicaudus ) HEATAHICHIFE LI, TANREE (27°C ) TR A4 T R0 T B3 (32 F122°C) T
A IRAT R PRI AT 45 SRS [ A5 s b R 5 %o OUBRE A s B9 s 4 R ) — Ak
B ARG AR AR AR TG S 8 5] (PR 1) o 345 SR B OUIRE i s 74 905 T 52 90 B 95, 24—30°C 1 B4 T B2
Ky HCm 2 9 A o

ASBIFGE S 7 A T R X XU e 99 ) 4l R ) e Al (T 1) TE sl E T, A IR I B X T8 A T 3l
P L0 W AR A A A 93D B BT BTG 2E Y 6 ANl 2Ry 3 AR BEEAY 1 FhRIfR RN 2
il 4 BRI T 25 0T AAR R AR JLRPZEAY . (1) WAk T 8 X 007 1 g P (i e PR AR G 1 3 25 52, nvbfa )
W 4N N 25 @ e (Anolis carolinensis )2 | = 2% 41 W T ( Bassiana duperreyi ) ' | 7% {4 . ( Chamaeleo
calyptratus) "' 5 EE M ( Cyclura nubila) ™ PG E M (S, occidentalis ) ' | F b 1 R 4 d ( Thamnophis
elegans) ** 5 (2) BARMI WAL E W1 A G ACA o (e PR U4, AndbSedulis e 0w ke 5 (3) 1K
(AL TRLEE T 00 Hh 1 S A PR A AR A A R AR, G 0 1 R S5 Kbt AR TR ST S s R R AR TR B T
i e A BB B e PR AR TE W 2= 5 (1)

AT s AR 5 AR PRIR AR RS ACRZS A B DI S R AT 5, A 3R X XU
W e L A RSB MR (18] 1) o 78 M A 30 1A P TR0 A% O BT A6 58 52 i [R] AR = A 1 O, s B K
M IZHTI X — i fe 2427 “C 130 C AL Iz H Ll (A I8 s 23 T 7 A2 19 CO, AR50 10,58
12.06 F110.88 pL( &1 2) o X 15d HUUSE H7 s 4y s 7 14 DA 81 4% D S T AR S BN, AT DA 5 28 20 A A 58 1
77 238 WS T HE UL AR K

A T X0 SOURE i e 4 e 0 15 MBI IR R B i I TC R E e (R 1) . 456 BRI S R LUk
PRAE 24—30°C 1 0 PN ARS8 X OUIRE 51 s &0 s 1) 2% T4 oA R A B AR T A 52 0], RUBRE i s 73X — U 8
0 R ) AR AR, 0 P 5 AR AR AN A BRI oA SR e 268 T 3 — 2 %) X6 RSURE i o WO £ 1 B2 1 s 7 it
HEATRIFSE, LA B A 2 1 2 S
BT« A A U R e A L AT I o e 5 P XA SCE VR 25 15 Bl Rp R B0t

References :

[ 1] CadenaV, Tattersall G J. The effect of thermal quality on the thermoregulatory behavior of the bearded dragon Pogona vitticeps: influences of
methodological assessment. Physiological and Biochemical Zoology, 2009, 82(3) . 203-217.

[2] ShulL, Zhang Q L, Qu Y F, Ji X. Thermal tolerance, selected body temperature and thermal dependence of food assimilation and locomotor
performance in the Qinghai toad headed lizard, Phrynocephalus vlangalii. Acta Ecologica Sinica, 2010, 30(8) : 2036-2042.

[3] Avery R A, Bedford J D, Newcombe C P. The role of thermoregulation in lizard hiology: predatory efficiency in a temperate diurnal basker.
Behavioral Ecology and Sociobiology, 1982, 11(4): 261-267.

[ 4] Huey R B. Temperature, physiology, and the ecology of reptiles // Gans C, Pough F H, eds. Biology of the Reptilia Vol. 12, Physiology (C).
London; Academic Press, 1982 25-91.

[5] LiH,QuYF, HuR B, Ji X. Evolution of viviparity in cold-climate lizards: testing the maternal manipulation hypothesis. Evolutionary Ecology,
2009, 23(5) : 777-790.

[6] YangJ, SunY Y, An H, Ji X. Northern grass lizards ( Takydromus septentrionalis) from different populations do not differ in thermal preference
and thermal tolerance when acclimated under identical thermal conditions. Journal of Comparative Physiology B, 2007, 178(3) . 343-349.

[7] Lin L H, Ma X M, Li H, Ji X. Phenotypic variation in hatchling Chinese ratsnakes ( Zaocys dhumnades) from eggs incubated at constant
temperatures. Journal of Thermal Biology, 2010, 35(1) : 28-33.

[ 8] JiX, Gao J F, Han J. Phenotypic responses of hatchlings to constant versus fluctuating incubation temperatures in the multi-banded krait,
Bungarus multicintus ( Elapidae). Zoological Science, 2007, 24(4) . 384-390.

[ 9] O'Steen S. Embryonic temperature influences juvenile temperature choice and growth rate in snapping turtles Chelydra serpentina. Journal of

http ; //www. ecologica. cn



21 34 AR A AR 0T UK A A 40y AT A AN R A ) B 6841

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

Evolutionary Biology, 1998, 201 (Pt 3) : 439-449.

Rhen T, Lang J] W. Temperature during embryonic and juvenile development influences growth in hatchling snapping turtles, Chelydra serpentina.
Journal of Thermal Biology, 1999, 24(1) . 33-41.

Qualls C P, Andrews R M. Cold climates and the evolution of viviparity in reptiles: cold incubation temperatures produce poor-quality offspring in
the lizard, Sceloporus virgatus. Biological Journal of the Linnean Society, 1999, 67(3) : 353-376.

Spotila J R, Zimmerman L C, Binckley C A, Grumbles J S, Rostal D C, List A Jr, Beyer E C, Phillips K M, Kemp S J. Effects of incubation
conditions on sex determination, hatching success, and growth of hatchling desert tortoises, Gopherus agassizii. Herpetological Monographs, 1994,
8. 103-116.

Blouin-Demers G, Kissner K J, Weatherhead P J. Plasticity in preferred body temperature of young snakes in response to temperature during
development. Copeia, 2000, 2000(3) . 841-845.

Lang ] W. Crocodilian thermal selection // Webb G J] W, Manolis S C, Whitehead P J, eds. Wildlife Management: Crocodiles and Alligators.
Sydney: Surrey Beatty and Sons Ltd, 1987 301-306.

Zhao E M. Elaphe Fitzinger // Zhao E M, Huang M H, Zong Y, eds. Fauna Sinica, Reptilia ( Squamata: Serpentes), Vol. 3. Beijing: Science
Press, 1998 : 130-173.

Ji X, Du W G. Effects of thermal and hydric environments on incubating eggs and hatchling traits in the cobra, Naja naja atra. Journal of
Herpetology, 2001, 35(2) . 186-194.

Ji X, Brafia F. The influence of thermal and hydric environments on embryonic use of energy and nutrients, and hatchling traits, in the wall lizards
( Podarcis muralis). Comparative Biochemistry and Physiology - part A; Molecular and Integrative Physiology, 1999, 124(2) . 205-213.
Stevenson R D, Peterson C R, Tsuji J S. The thermal dependence of locomotion, tongue flicking, digestion, and oxygen consumption in the
wandering garter snake. Physiological Zoology, 1985, 58(1) : 46-57.

Ayers D Y, Shine R. Thermal influences on foraging ability : body size, posture and cooling rate of an ambush predator, the python Morelia spilota.
Functional Ecology, 1997, 11(3) ; 342-347.

Gao J F, QuY F, Zhang X Q, Ji X. Within-clutch variation in venoms from hatchlings of Deinagkistrodon acutus ( Viperidae). Toxicon, 2011, 57
(7/8) : 970-977.

Goodman R M, Walguarnery J W. Incubation temperature modifies neonatal thermoregulation in the lizard Anolis carolinensis. Journal of
Experimental Zoology Part A; Ecological Genetics and Physiology, 2007, 307(8) ; 439-448.

Du W G, Elphick M, Shine R. Thermal regimes during incubation do not affect mean selected temperatures of hatchling lizards ( Bassiana
duperreyi, Scincidae). Journal of Thermal Biology, 2010, 35(1) . 47-51.

Andrews R M. Effects of incubation temperature on growth and performance of the veiled chameleon ( Chamaeleo calyptratus). Journal of
Experimental Zoology Part A Ecological Genetics and Physiology, 2008, 309A(8) ; 435-446.

Alberts A C, Perry A M, Lemm J M, Philips J A. Effects of incubation temperature and water potential on growth and thermoregulatory behavior of
hatchling Cuban rock iguanas ( Cyclura nubila). Copeia, 1997, 1997(4) : 766-776.

Buckley C R, Jackson M, Youssef M, Irschick D J, Adolph S C. Testing the persistence of phenotypic plasticity after incubation in the western
fence lizard, Sceloporus occidentalis. Evolutionary Ecology Research, 2007, 9(1): 169-183.

Amold S J, Peterson C R, Gladstone J. Behavioural variation in natural populations 7. Maternal body temperature does not affect juvenile
thermoregulation in a Garter snake. Animal Behaviour, 1995, 50(3) . 623-633.

Andrews R M, Pough F H. Metabolism of squamate reptiles; allometric and ecological relationships. Physiological Zoology, 1985, 58 (2) :
214-231.

Phillips J A. Ontogeny of metabolic processes in blue-tongued skinks, 7Tiliqua scincoides. Herpetologica, 1986, 42(4) . 405-412.

S 30k

[15]

BUREE, SkgE // BURER, BRAE, S, PRSI, RITH CAEEH . W H) % =%, Jual. Bleaidt, 1998 130-173.

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

	stxb201109181367.pdf
	02.pdf
	y21ml-2.pdf
	21fd.pdf


