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Dynamics of canopy structure and understory light in montane evergreen

broadleaved forest following a natural disturbance in North Guangdong
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1 College of Agriculture, Guangdong Ocean University, Zhanjiang 524088 , China
2 College of Forestry, South China Agricultural University, Guangzhou 510642, China

Abstract; Natural disturbance is an important factor causing dynamic changes in forest canopies. An ice storm in southern
China in 2008 was responsible for extensive damage to the forest ecosystem. The considerable distribution of canopy gaps
created by the ice storm caused dynamic changes in the forest canopy. Therefore, studies to reveal the effects of the ice
storm on forest regeneration and to monitor the restoration of damaged forest ecosystems will have significant implications for
forestry research. Following the ice storm of 2008, a montane evergreen broad-leaved forest in Chebaling National Nature
Reserve in northern Guangdong was investigated and a successive 3-year (2008—2010) community study of the 2 hm’
permanent plot was launched. We analyzed the changes in canopy structure ( Canopy Openness and Leaf Area Index) and
understory light ( Transmitted Direct Solar Radiation, Transmitted Diffuse Solar Radiation and Transmitted Total Solar
Radiation) in the forest following the ice storm using hemispherical photography to acquire canopy structure and understory
light indexes. A quantitative study on the temporal and spatial variations in canopy structure and understory light as well as
on environmental heterogeneity in the forest canopy is of considerable importance. Hemispherical photography is an example

of optical remote sensing technology used to measure the parameters of canopy structure and understory light, and has now
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been widely recommended in the field of ecological research. The Kruskal-Wallis test (a non-parametric alternative to one-
way ANOVA) and canonical correlation analysis were employed to analyze the changes in canopy structure and understory
light. The main conclusions of this study are described in the following: 1) As the canopy openness shrank and the leaf
area index increased, the understory light decreased in the forest during the recovery process following the ice storm; 2) A
highly significant difference ( P<0.0001) was detected in canopy structure and understory light during the 3 years, but
between-year differences showed a tendency to decrease as the forest recovered from 2008 to 2010; 3) In the first three
years of forest recovery, transmitted direct solar radiation demonstrated a greater spatial-temporal fluctuation and provided a
greater contribution to total solar radiation than did transmitted diffuse solar radiation; 4) Canopy openness was more
sensitive than leaf area index as an indicator of canopy structure change, while canopy structure had a greater influence on
transmitted diffuse solar radiation than transmitted direct solar radiation. Initially, the trees in the ice storm damaged forest
grew rapidly during the recovery period following the storm, but the growth slowed down gradually and stabilized. There was
a gradual reduction in the understory light as the forest closed due to tree growth. Canopy openness is better for the
evaluation of the dynamic effects of canopy structure. The spatial and temporal variations of transmitted direct solar radiation
were more complex than transmitted diffuse solar radiation. Therefore, research to study the effects of an ice storm on
canopy structure of a subtropical forest to reveal dynamics of canopy structure and understory light, and to monitor the
restoration of a damaged forest ecosystem, will have significant implications for both theoretical and applied forest restoration

efforts.

Key Words: evergreen broadleaved forest; canopy structure; understory light; ice storm; Canonical Correlation Analysis
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Fig. 1 Difference of canopy structure and understory light between years
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Table 1 Parameters of correlation analysis between canopy structure and understory light
TR EEAFIAR T St B b MVEES 4 AR R KL PesE RE
Canopy structure & ” Regression coefficient Correlation coefficient P Coefficient of
. Year L. 2
Understory light (b) (r) determination(r”)
MIEIFEE CO%
ES% TDir 2008 0.257 0.829 <0.0001 0.687
2009 0.185 0.543 <0.0001 0.295
2010 0.136 0.480 <0.0005 0.231
UM G TDIf 2008 0.220 0.970 <0. 0001 0.941
2009 0.193 0.944 <0.0001 0.891
2010 0.140 0.902 <0.0001 0.813
BOEHE TTot 2008 0.477 0.912 <0.0001 0.832
2009 0.379 0.762 <0.0001 0.581
2010 0.276 0.710 <0.0001 0.503
- I ER S £ LAI
B TDir 2008 -4.666 -0.877 <0.0001 0.769
2009 -2.488 -0.524 <0.0001 0.275
2010 -0. 684 -0.202 0.1585 0.041
Ot TDIf 2008 -3.786 -0.972 <0.0001 0.944
2009 -2.518 -0.3833 <0.0001 0.780
2010 -1.387 -0.750 <0.0001 0.563
S TTot 2008 -8.451 -0.941 <0.0001 0.886
2009 -5.005 -0.724 <0.0001 0.524
2010 -2.075 -0.447 <0.005 0.200
LR RN, A 2008 2| 2010 AEARIEELE A (AR BE FH AR H50) XFAR T O B8 A 52 el 2 A /s (3
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Table 2 Chi-Square Tests and Eigenvalues in Canonical correlation analysis

SR YR A 1 . AR5 5 7T 1 FE(H
Canonical root Canonical r Chi-square Lambda prime Eigenvalues
2008 4 1 0.983 162.177 0. 0000 0.029 0.966

2 0.366 6. 600 0.0369 0. 866 0.134
2009 4f: 1 0.948 105.941 0. 0000 0.010 0.899
2 0.121 0.676 0.7132 0.985 0.015
2010 4F 1 0.902 86.359 0. 0000 0.153 0.813
2 0.425 9.152 0.0103 0.820 0.180
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Table 3 Correlations and canonical variables of canopy structure and understory light

$547 Index FFE Year
2008 2009 2010
LB MRGEEFF E 55 0 TS 2 CO versus LAIT -0.954 -0.911 -0.818
Correlation coefficient (r) H DS EURHDE TDir versus TDif 0.896 0.632 0.534
H S5 BOERE TDir versus TTot 0.981 0.948 0.941
WU G5 6 BE TDIf versus TTot 0.965 0.847 0.789
JRIAY MIEFFBE CO -0.531 -0.881 -0.955
Canonical weights it FRFE £ LAL 0.480 0.129 0.055
E 4% TDir 13.561 -5.099 -0.498
WU HOE TDIf 8.780 -4.169 -1.294
SRR TTot -22.728 7.555 0.711
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3a e ZEEA A 1 AN BUR AR &l 3B F 2 ARGE T 2008 i1 2009 AF AR St IR 9 55 — > i 730 AR
i T B B DGR 2010 AE R BURHE(F3) . 2008 Fil 2009 AR R IR 2 5 0 0 A 0 T 2 e 2 45 4
K 52010 AFARGEEF BE 258 M UG 2 25 )2 25 A R
3 £ 5itie
3.1 RS OGRS LR

M 2008 F| 2010 AEARTEELSFFIAR T i B A AF 0] 25 5 0 T REAIK . 2008—2009 4B 5 768 )2 e AR B A 1, Ak
SEETF BE A K A ek /)N, it T AR 5P B, AR ' Bt B /D 5 2009—2010 4 [B] A 568 T JEE 4 /s
WRLBE I TR 50 b TR B D RO DG R e ) R B B A AR R/ i TR O — e R R
TE SR AIRR R UL T 9 R MR e A AR5 A K B 2218 T ORI Wi R e, X i T 95 R AR
S IBWKIT , & 32 K Y52 KA I T AR S AN ™ e L e i 8 7 A KR SELRNAE DK I Rl T %) 8 J ok 5 e A
F L RMRGE RS BR 5 el 3E 3 — 22 B2 B 2532 BIAE W A B A 25 R ARV L, R A 2 465 4 10 728 £k 320 47 Dk

http ; //www. ecologica. cn



18 1] DA A AR L SRR AR B A TR T2 850 SRR O I3l 5643

A ABMEATAE TR MK O B A AR AR A

MR EHR MR T (b, T BSOS il 2b 9 AR S0 39), AR LA i 2 s T K
UL R EE XA BUSOCAE S iR R .l T IR A B RN T 1) R (sl RO 2 B AR R
INFHCG3AT ) 2 S RO AR T DR HbR 436 S 45 ) 1 W bk S B R K P i i AR v R A R R A
ORI 2% , SRR B ERIUN E R 2R A7 SR IMBA BT X . AR BLE2 K HA S MO 2SR/
J2 iR B TR 5 DR 3R (S, TR R BH S 78 e 2200 R A 5 AR BRIbR N B L B Sl i e 25 A8 fL
BAIT . UKIG ARAARB AR A ST KR OG R B b b B RO Z
3.2 EREREHHIMMROLIRAYfRRE

e J= AR AR T G R AT AR 5k Z ELAR A 25 AR S (ERE R IR AR PR A VR O, Tl J2 45 F o T D' Ry e
RERETTZ AR AR, XU T 7EMOE T BE BRI RS OB N AR BT, S SR S5 A AR T D6 IR 52 14 52 1) o 91
T AL EAMTETTRER/ N TR BRSO e )2 A5 AR T D6 IR 32 A A AR A Al P R
(HHBIE ) REARCT DI B f 4t R AR (AR 04 BRSEE T 2 AR I T AR K 7R DG DG SR AR, DR AORE T 8 R
T RS R 18] T LA ELGAIE . TCi8 2 2 9™ BT I 3 CRR AR AT BE AR ) | 0 S 3 T Dk A 1 P 381 ( 23
TIRPH BEH 7 ), ARTEE T B g T8 J2= 2 K 1) i R figp e B 0 0 L ik T AR e, W W AMORE T B8 T T 3t o JR 45
AR AE,
Bt - S ROl R AR B AU R B2 TR INR RIS E S S EPANE 5L, A IR TR R [ AR R XA
PR 25 TR B R EOA

References:

[ 1] Zhu L K. Impact of serious disaster on forestry and ideas of restoration and reconstruction. Forestry Economics, 2008, (3): 3-7.

[ 2] Hubbell SP, Foster R B, O'Brian S T, Harms K E, Condit R, Wechsler B, Wright S J, Loo de Lao S. Light-gap disturbances, recruitment
limitation, and tree diversity in a neotropical forest. Science, 1999, 283 (5401) ; 554-557.

[ 3] Irland L C. Ice storms and forest impacts. Science of the Total Environment, 2000, 262(3) ; 231-242.

[4] SuZY, LiuG,OuYD, Dai ZH, Li Z K. Storm damage in a montane evergreen broadleaved forest of Chebaling National Nature Reserve, South
China. Chinese Journal of Plant Ecology, 2010, 34(2) . 213-222.

[ 5] Bragg D C, Shelton M G, Zeide B. Impacts and management implications of ice storms on forests in the southern United States. Forest Ecology and
Management, 2003, 186(1/3) : 99-123.

[ 6] Brommit A G, Charbonneau N, Contreras T A, Fahrig L. Crown loss and subsequent branch sprouting of forest trees in response to a major ice
storm. Journal of the Torrey Botanical Society, 2004, 131(2) : 169-176.

[7] TanH, ZhuJJ, Kang HZ, Hu L L. A research review on forest gap disturbance. Chinese Journal of Ecology, 2007, 26(4) : 587-594.

[ 8 ] McCarthy J. Gap dynamics of forest trees: a review with particular attention to boreal forests. Environmental Reviews, 2001, 9(1) : 1-59.

[9] Zhu]]J, Matsuzaki T, Lee F Q, Gonda Y. Effect of gap size created by thinning on seedling emergency, survival and establishment in a coastal
pine forest. Forest Ecology and Management, 2003, 182(1/3) ; 339-354.

[10] Li GZ, Wang H X, Zhu J J. Monthly changes of leaf area index and canopy openness of Larix olgensis in mountainous regions in east Liaoning
province. Journal of Northeast Forestry University, 2009, 37(7) ; 20-22.

[11] Baker P J, Wilson J S. A quantitative technique for the identification of canopy stratification in tropical and temperate forests. Forest Ecology and
Management, 2000, 127(1/3) . 77-86.

[12] Beaudet M, Messier C, Leduc A. Understorey light profiles in temperate deciduous forests: recovery process following selection cutting. Journal of
Ecology, 2004, 92(2) . 328-338.

[13] Beaudet M, Brisson J, Messier C, Gravel D. Effect of a major ice storm on understory light conditions in an old-growth Acer-Fagus forest: pattern of
recovery over seven years. Forest Ecology and Management, 2007, 242(2/3) . 553-557.

[14] Song X Z, Xiao W F. Research advances of microsites and regeneration within canopy gap. Scientia Silvae Sinicae, 2006, 42(5) ; 114-119.

[15] Endler J A. The color of light in forests and its implications. Ecological Monographs, 1993, 63(1); 1-27.

[16] HuLL, ZhuJJ, LiJS, Xiao N W, Luo J W, Qu R, Fan J T. Reviews on methods of measuring light intensities within forest gaps. Acta
Ecologica Sinica, 2009, 29(9) : 5056-5065.

http ; //www. ecologica. cn



5644 A E = 32 &

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]
[41]

Messier C, Puttonen P. Spatial and temporal variation in the bight environment of developing Scots pine stands: the basis for a quick and efficient
method of characterizing bight. Canadian Journal of Forest Research, 1995, 25(2) . 343-354.

Gendron F, Messier C, Comeau P G. Comparison of various methods for estimating the mean growing season percent photosynthetic photon flux
density in forests. Agricultural and Forest Meteorology, 1998, 92(1) : 55-70.

Brown N D. The implications of climate and gap microclimate for seedling growth conditions in a Bornean lowland rain forest. Journal of Tropical
Ecology, 1993, 9(2) : 153-168.

Skalova H, Krahulec F, During H J, Hadincova V, Pechackova S, Herben T. Grassland canopy composition and spatial heterogeneity in the light
quality. Plant Ecology, 1999, 143(2) . 129-139.

Coates K D. Conifer seedling response to northern temperate forest gaps. Forest Ecology and Management, 2000, 127(1/3) ; 249-269

Boutet J C Jr, Weishampel J F. Spatial pattern analysis of pre- and post-hurricane forest canopy structure in North Carolina, USA. Landscape
Ecology, 2003, 18(6) : 553-559.

Souza A F, Martins F R. Spatial variation and dynamics of flooding, canopy openness, and structure in a Neotropical swamp forest. Plant Ecology,
2005, 180(2) : 161-173.

Valladares F, Guzman B. Canopy structure and spatial heterogeneity of understory light in an abandoned Holm oak woodland. Annals of Forest
Science, 2006, 63(7) : 749-761.

Li Y D. Nanling Mountain Nature Reserve following the low temperature and sleet disaster, the sensitive area which needs to be rescued. Scientia
Silvae Sinicae, 2008, 44(6) ; 2-4.

Stone R. Ecologists report huge storm losses in China’s forests. Science, 2008, 319(5868) : 1318-1319.

Zhang Z X, Liu P, QiuZ J, Liu C S, Chen W X, Li C H, Liao J P, Li H J. Factors influencing ice and snow damage to Pinus taiwanensis in
Jiulongshan Nature Reserve, China. Chinese Journal of Plant Ecology, 2010, 34(2) ; 223-232.

Cai Z L, Zhong Q P, Liu Q Y, Bai L H. Investigation on main trees species damaged by ice storm in Guangxi and the restoration measures. Forest
Research, 2008, 21(6) : 837-841.

Su W H, Fan S H, Zhang W Y, Qi L H, Guan F Y. Damage of frost and snow disaster to moso bamboo stands and the influencing factors in
Huangshan, Anhui province. Scientia Silvae Sinicae, 2008, 44 (11) . 42-49.

Su W H, Fan SH, Zhang W Y, Hu F H, Zhou ] M. Study on the recover effect of remedial measures on moso bamboo stands after frost and snow
disaster. Forest Research, 2010, 23(1) : 89-92.

XuY Q. A comprehensive report of surveys in Chebaling National Nature Reserve / Xu Y Q, ed. A Collection of Research Papers on the
Investigation of Chebaling National Nature Reserve. Guangzhou: Guangdong Science and Technology Press, 1993 1-8.

Beaudet M, Messier C. Variation in canopy openness and light transmission following selection cutting in northern hardwood stands: an assessment
based on hemispherical photographs. Agricultural and Forest Meteorology, 2002, 110(3) : 217-228.

Frazer G W, Canham C D, Lertzman K P. Gap Light Analyzer (GLA) , Version 2.0 imaging software to extract canopy structure and gap light
transmission indices from true-colour fisheye photographs, users manual and program documentation. Millbrook ; Simon Fraser University, Burnaby,
British Columbia and the Institute of Ecosystem Studies, 1999.

Blennow K. Sky view factors from high-resolution scanned fish-eye lens photographic negatives. Journal of Atmospheric and Oceanic Technology,
1995, 12(6) : 1357-1362.

Jonckheere I, Fleck S, Nackaerts K, Muys B, Coppin P, Weiss M, Baret F. Review of methods for in situ leaf area index determination: Part I.
Theories, sensors and hemispherical photography. Agricultural and Forest Meteorology, 2004, 121(1/2) . 19-35.

Frazer G W, Fournier R A, Trofymow J A, Hall R J. A comparison of digital and film fisheye photography for analysis of forest canopy structure and
gap light transmission. Agricultural and Forest Meteorology, 2001, 109(4) . 249-263.

Chen P, GuJ C, Cao L' Y, Zhang Y, Shi L L, Song B H. Canonical correlation between species diversity and soil nutrients in forest communities
in Xiaowutai area. Journal of Northeast Forestry University, 2010, 38(8) : 34-35.

Asner G P, Scurlock ] M O, Hicke J A. Global synthesis of leaf area index observations: implications for ecological and remote sensing studies.
Global Ecology and Biogeography, 2003, 12(3) . 191-205.

Brang P, von Felten S, Wagner S. Morning, noon, or afternoon: does timing of direct radiation influence the growth of Picea abies seedlings in
mountain forests?. Annals of Forest Science, 2005, 62(7) : 697-705.

Canham C D. Growth and canopy architecture of shade-tolerant trees: response to canopy gaps. Ecology, 1988, 69(3) . 786-795.

Richd P M, Clarkd D B, Clarkd D A, Oberbauer S F. Long-term study of solar radiation regimes in a tropical wet forest using quantum sensors and

hemispherical photography. Agricultural and Forest Meteorology, 1993, 65(1/2) : 107-127.

http ; //www. ecologica. cn



18 1] DA A AR L SRR AR B A TR T2 850 SRR O I3l 5645

SE Lk

[1]
[4]

[7]
[10]
[14]
[16
[25

[28]
[29]
[30]
[31]

[37]

BB FE. BRS¢ E X ARl B 5% e S i A B B, MRl 489, 2008, (3) : 3-7.

TS, KNI, DA, EURME, ZREEL 08 Ll b R Sk i AR K R ROR SZ I AR S 2 T4 S AR R, 2010, 34(2) .
213-222.

R, RHCE, B, SAELSR. METHmrgE. AR SRR, 2007, 26(4) ; 587-594.

ALY, BB, RECH. AR KA A AR B SO R RE B ) ] 3h3S. ARJUMOl R 224, 2009, 37(7) : 20-22.

R, H k. MBRRESE KB, Mok B2, 2006, 42(5) . 114-119.

BIEAR, RECH, R4, HResc, BER, S, SUERTE. AT NI E IR . SRR, 2009, 29(9) 1 5056-5065.
R AR IR VKR I T A R0 L bk SRR X —— IR AF PR B 2L S UK. Mok B2 2008, 44(6) : 2-4.

SRR, XIS, EOEZE, XUARE, MRIUET, AR, BEUET, 2867, Wiy Ll B AR ARS IX B LA PR UK S5 9 3 T4 B H: A2 0 S i IR
TFobr. HPIESSIR, 2010, 34(2) ; 223-232.

SRF R, BECT, XIEIC, RN, TP R K R E A SRR R . MOl RS, 2008, 21(6) ; 837-841.

TS, JHE, BRIOT, R, BRIE. KRS RO E L X BT E B m . Mok B, 2008, 44(11) ; 42-49.

IO, WK, KIOTT, FIRAE, AT 95 AR S R BT E SORIESE. MOl BRERFSE, 2010, 23(1) : 89-92.

BT Z NG ERY R KRR LE S s /e T, /U E R % AR KM EITI e, 7M. R BHE R,
1993; 1-8.

Mo, o, BSrE, KT, AT, RO, NFLE IR YR 2 AR S R IR A i R OG. ARALAMRL R 244, 2010, 38
(8): 34-35.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 32,No. 18 September,2012( Semimonthly )
CONTENTS

Hyperspectral characteristics of typical subtopical trees at different levels of simulated acid rain ««--eseeeeeeereemneienii,
.......................................................................................... SHI Qilong, JIANG Hong, CHEN Jian, et al (5621)
Wind fields and the development of wind corridors in the urban metropolis of the Pearl River Delta ~ -«-eveereeeereeeeiniieiiii...
....................................................................................... SUN Wu, WANG Yiming, WANG Yuelei, et al (5630)
Dynamics of canopy structure and understory light in montane evergreen broadleaved forest following a natural disturbance in
North GUAnGONE «+++++++++srrreeesimueiteiiiitt et OU Yuduan, SU Zhiyao (5637)
The influence of 4 species of preys on the development and fecundity of Orius similis Zheng — «+eceeeeeeeeeeeieiii.
.......................................................................................... ZHANG Changrong, ZHI Junrui, MO Lifeng (5646)
Woody seedling regeneration in secondary succession of monsoon broad-leaved evergreen forest in Puer, Yunnan, Southwest
CRINA  veeereeerernsnsnenenemntnentteteatetteeneaaneneereneraeneaseneananenes LI Shuaifeng, LIU Wande, SU Jianrong, et al (5653)
Scale-dependent spatial variation of species abundance and richness in two mixed evergreen-deciduous broad-leaved karst forests,
SOULhWESE CRINA - eeeeerreenenrenaenrenerneenerneenernernennemnerennennens ZHANG Zhonghua, HU Gang, ZHU Jiedong, et al (5663 )
The spatial heterogeneity of soil nutrients in a mid-subtropical Castanopsts kawakamii natural forest — «=«ceeoreeereeeeeeenniiniiie.
.......................................................................................... SU Songjin, LIU Jinfu, HE Zhongsheng, et al (5673)
Effects of Vetiveria zizanioides L. growth on chemical and biological properties of copper mine tailing wastelands — +++ereveeerereeeeeeenns
.......................................................................................... XU Decong, ZHAN Jing, CHEN Zheng, et al (5683)
Effects of different irrigation regimes on characteristics of transpiring water-consumption of three desert species -«-e+eeseeeeeereeeeaeaene.
.......................................................................................... SHAN Lishan, LI Yi, ZHANG Ximing, et al (5692)
The response of euhalophyte Salicornia europaea L. to different nitrogen forms ««««««++ssseeeresiimmmreiiiiii i
.................................................................................... NIE Lingling, FENG Juanjuan, LU Sulian, et al (5703)
Dynamic analysis on spatial pattern of dominant tree species of cold-temperate coniferous forest in the succession process in
the Pangquangou Nature Reserve —+eoeeereeeererereriiiiiiiii... ZHANG Qindi, BI Runcheng, ZHANG Jintun, et al (5713)
Effects of AM fungi on the growth and nutrients of Salvia miltiorrhiza Bge. under different soil water and fertilizer conditions «--------
................................................................................................ HE Xueli,MA Li,MENG Jingjing, et al (5721)
The dynamics of soil respiration in a winter wheat field with plastic mulched-ridges and unmulched furrows —«ceeeeeeeeeeeieneiieiiann.
.............................................................................. SHANGGUAN Yuxian, SHI Ripeng, HAN Kun, et al (5729)
Cattle dung composted by different methods had different effects on the growth and quality of soybean — «+eceeeereeeeieeieiiiiiniin..
.......................................................................................... GUO Liyue, LIU XueMei, ZHAN Lijie, et al (5738)
Nitrogen budget modelling at the headwaters of Urumqi River Based on the atmospheric deposition and runoff — «----eeeeeeeeeeeeeieannnn.
........................................................................... WANG Shengjie, ZHANG Mingjun, WANG Feiteng, et al (5747)
Evaluating the ecosystem sustainability of circular agriculture based on the emergy theory: a case study of the Xingyuan circular
agriculture demonstration site in Fuqing City, Fujian -----ee-e-e- ZHONG Zhenmei, WENG Boqi, HUANG Qinlou, et al (5755)
Effects of cold exposure and recovery on viability and energy consumption in the sub-adult female giant spiny frogs ( Paa spinosa) ---
.......................................................................................... LING Yun, SHAO Chen, XIE Zhigang, et al (5763)
A comparison of night-interruption on diapause-averting among two populations of the cotton bollworm, Helicoverpa armigera — «+-++-+--
................................................................................. CHEN Yuansheng, TU Xiaoyun, CHEN Chao, et al (5770)
Effects of soil erosion control measures on soil organic carbon and total nitrogen in a small watershed -«-«--e-eeeeremmieniieiiiii...
................................................................................. ZHANG Yanjun, GUO Shengli, NAN Yafang, et al (5777)
Comparative analysis of Lugu Lake watershed ecosystem function under different management authorities — «+oeeeeeeeeeeeeeeneiaiannn.
.......................................................................................... DONG Rencai, GOU Yaqing, LI Siyuan,et al (5786)
Relationship between fish community diversity and environmental factors in the Lianjiang River, Guangdong, China ««---eceeeeeeeeeenes
................................................................................................ LI Jie, LI Xinhui, JIA Xiaoping, et al (5795)
Effect of dissolved oxygen level on metabolic mode in juvenile crucian carp -+ ZHANG Wei, CAO Zhendong, FU Shijian (5806 )
Community composition of net-phytoplankton and its relationship with the environmental factors at artificial reef area in Xiang-
shan Bay «eeeeeeeserrerreiininii JIANG Zhibing, CHEN Quanzhen, SHOU Lu, et al (5813)
Emergy appraisal on the loss of ecosystem service caused by marine reclamation: a case study in the Taozi Bay — +oeeeeeeeeeeceeiecenes
............................................................................................................... LI Ruigian, MENG Fanping (5825)
Assessing the visual quality of urban waterfront landscapes:the case of Hefei, China —«reeeeeeeremereeeeiiiiiinii
....................................................................................... YAO Yumin, ZHU Xiaodong, XU Yingbi,et al (5836)
Review and Monograph

Advances in ecological SEnOmCs «+«++rrwrrrreeeeesemnimmiiiriit it SHI Yongbin, LI Junmin, JIN Zexin (5846)
Advances in studies of ecological effects of ocean acidification —«+«+eeeeeeeeeeees WANG Siru, YIN Kedong, CAI Weijun, et al (5859)
Advances in feeding ecology of Acartia ««++-+eeoereerrersriiiii HU Simin, LIU Sheng, LI Tao, et al (5870)
Research progress on ammonia-oxidizing microorganisms in estuarine eCOSYSLEM o+« +eeseerreraruet ettt eeaaes
.................................................................................... ZHANG Qiufang, XU Jirong, SU Jiangiang, et al (5878)
Recent progress in research on neutrophilic, microaerophilic iron( Il ) -oxidizing bacteria «-+«+++++-: LIN Chaofeng, GONG Jun (5889)
A comparison study on primary production in typical low-latitude seas ( South China Sea and Bay of Bengal) «-«+e-vvereeeereeenniinn.
................................................................................. LIU Huaxue, SONG Xingyu, HUANG Honghui, et al (5900)
Advances in leaf maximum carboxylation rate and its response to environmental factors — «ososreeersreriiiiiii
................................................................................................... ZHANG Yanmin, ZHOU Guangsheng (5907)
10-years of bird habitat selection studies in mainland China; a review «:eeeeeeeet JIANG Aiwu, ZHOU Fang, QIN Yue, et al (5918)

Scientific Note
The effects of incubation temperature on embryonic metabolism and hatchling behavior in the Red-banded Snake, Dinodon

FUFOZOTUGEUIIL +++++++++veeeesssssnmnmtnrtitties ettt SUN Wenjia, YU Xiao, CAO Mengjie, et al (5924)
Sensitivity analysis and dynamics of soil microbial biomass carbon, nitrogen and related parameters in red-yellow soil of tea garden
with different fertilization practices ««e«eceeereesreaeeeniniiniie. WANG Limin, QIU Shanlian, LIN Xinjian, et al (5930)

Effect of fertilizers on cd uptake of two edible amaranthus herbs «+---eeeeeeeeeeeenes LI Ningyu, LI Zhian,ZHUANG Ping, et al (5937)



(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 ¥

5 2 H ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semi .S din 1981)
(lliﬂﬂj 1981 ﬁzi;H@H:'J) Semimonthly , Started n
K EISH (201249 A) Vol. 32 No. 18 (September, 2012)
B (RS A Edited by Editorial board of

Hohl : AL HTHEE X XU 1 18 5
HIS B 2515 - 100085

LI : (010)62941099

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

ACTA ECOLOGICA SINICA

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

Tel: (010)62941099
www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

SR U
F & PEEBEHEEADS
* b PEASYEES

rp E Bl 2 e A AR AT 0
Mk b X 18 5
IS B i A - 100085

H RR 4 4 & ) Y
ik b S R E AR AT 16 5
HBEL 2 A5 . 1RO0717

N Rl JbmUILARENRIT

) 1T 4 4 & ) Y

Editor-in-chief
Supervised by
Sponsored by

Published by

Printed by

FENG Zong-Wei

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

Beijing 100083, China olt\)
iﬂiﬁ%ﬁm*ﬁjt?ﬁ 16 % Distributed by Science Press m e
Hﬂ[ﬁﬂ[fﬁﬁ% :100717 Add:16 Donghuangchenggen North g
Eﬂlﬁ ;1( 010) Gfé34563 Street, Beijing 100717 , China 1 =—=A
-mail ; journal @ cspg. net Tel. (01064034563 O V-
2l My A[E RS A Et—:m(ﬂ )rn 1@ cspg. net g _2
ENRST R R 55 8 e - =2
Mokl AL T 399 {546 Domestic All Local Post Offices in China > g
H A =] —
HE B A < 100044 Foreign China International Book Trading (%) _E
ITERE ST A 8013 2 Corporation 2 ":
¥ A iE " - 7 Add:P. O. Box 399 Beijing 100044 , China =
ISSN 1000-0933 4= = =
N 0o ERSIMAF LT EREERS 82-7 ESEITRS M670 Efr 70.00 T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zm.pdf

	stxb201108191221.pdf
	02.pdf
	ym.pdf
	18fd.pdf


