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The impact of run-of stream dams on benthic macroinvertebrate assemblages in

urban streams

HAN Minghua', YU Haiyan®, ZHOU Bin’, ZHANG Yong', WANG Beixin'**

1 Laboratory of Aquatic Insects and Stream Ecology, Department of Entomology, Nanjing Agricultural University, Nanjing 210095, China
2 Zhejiang Environment Monitoring Center, Hangzhou 310007 , China

Abstract: Study of the degradation of urban stream ecosystems has been an important focus of urban ecology. During
urbanization, infrastructure such as dams and other water projects can have a significant impact on the stream ecosystem.
Dams create barriers, upstream and downstream, which hinder the migration of benthic invertebrates, change their living
environment and affect their reproductive success, negatively affecting the macroinvertebrate community and its structure.
This destroys the integrity of the stream ecosystem. To date, there has been no published research on this topic in China.
Therefore, we surveyed the macroinvertebrate assemblages of nine sites ( six in urban streams with run-of stream dams [ 2—
3m] and three in reference forest streams) in August, in Xitiao River catchment, Anji County, Zhejiang Province. Using
the data collected, we explored the biological degradation of urban streams and the impact of run-of stream dams on the
structure and composition of the macroinvertebrate community as well as on a range of biochemical parameters. Multiple
comparison and non-parametric tests were used to compare the biochemical parameters of the different stream types,
performed using SPSS 18. 0 statistical software. Non-metric multidimensional scaling (NMDS) analysis was used to compare
the community composition, performed using Primer 6. 0 software. Our results showed that the main substrate components of

the reference sites were boulders (35.92% ) and cobbles (33.66% ), while the substrate of the urban streams was mostly
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gravel (57.97% ). Water temperature, conductivity, and concentrations of total nitrogen and total phosphorous were all
significantly ( P <0. 05) higher in urban streams than in reference streams, whereas total taxa richness and EPT
( Ephemeroptera, Plecoptera and Trichoptera) taxa richness were significantly (P<0.05) lower in the urban streams than
in the reference streams. Differences in velocity (P=0.273) and depth/width (P=3.92) between sites above and below
the dams were not significant. Dissolved oxygen, pH, total nitrogen concentration, water temperature and conductivity were
also very similar between sites above and below the dams. An exception to this was that total phosphorus concentration was
greater below the dams than above the dams. Moreover, total taxa richness, EPT taxa richness, Shannon diversity index and
evenness index of the sites above and below the dams were similar. However, the biotic index was higher below dams than
above dams. In addition, the ratio of sensitive taxa to tolerant taxa was lower at sites below dams, and the ratio of predators
to collector-gatherers was higher at the sites below dams. Furthermore, NMDS analysis demonstrated that the
macroinvertebrate community composition greatly varied between the sites above and below the dams in these urban streams.
These results suggested that the sediment composition, water quality and benthic community structure had been significantly
degraded in urban streams, particularly downstream of the dams. These observations are preliminary since they are based on
a survey conducted in August only, and therefore do not allow comprehensive assessment of the ecological effects of dam
constructions. However, our findings indicate that there may be negative impacts and support the need for regular and long-

term observations of the macroinvertebrate community in urban streams with dams.

Key Words: run-of stream dams; urban stream; macroinvertebrate assemblages
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Table 1 The current velocity and depth/width of upstream and downstream sites of dams and reference sites
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2.2 KRBT

PR (KRR KR AT SR B R TS IR, B4R TP M TN 5 T2 IR, H 0K
TG TP BE S TS RER (K 3) . WiTRRNEREEIN TS RER, HERARE, pH (EESER
FR TR S JC B 28k, K3 R RE SR A TN TP pH A 3 i 480 /K 5 RN fL 53R 22 1A) G g 25 25 5 (1A
3)s
2.3 RS YIRS S5

AR YR A 3SR AR KR M G HE B4 45 Bl o8 J@ AL 114 4328 on, Hip R Agdt 7 H 92 4~ 25
IC, 5 A A SRS 80.70% B HUMAKE 5432 3k, o5 BrAT R S K 1 90. 74% 3 Ah , Bk 5l
P19 DN2EHI0( i 7.89% ) A5 5IT 9 432K ERTT (5 7.89% ) , 522 3 43R0 (5 2.63% )

http ; //www. ecologica. cn



2 4 BRI AL A IR AL P AR R AR IV AT Sl P R v 4 ) B 383

0.12 5 10 -
a a
0.10 | a a
4r 8+ 1
< 008 | ab )
g g 3f a a T o6}
= 0.06 | = ]
= Z
= 2¢r E 4l
iﬂ% 004 b = 8
? A
0.02 | S by 2r
0 0 0
e 3] HE R e 3] Uk HF E i ik HIF
35 - a ~ 20 10 a
@) a g a
3 30 + H a ol M a
£ 25 b ] st s |
IS > a %
(5} =
g 20t 2 £ 6f
5 S 1.0 b 3
5 15 b A 4}
= IS} &
=z 10+ ;5_ 0.5 &
mog| S 2L
iljo
® »
0 0 0
E i Hl_E HF 2R Hl_E HF 2R Uik HWF

3 kI ETiEfSREAER TP TN pH KB B SEMBLAL ANOVA ZELLEER
Fig. 3 The TP, TN, pH, water temperature, conductivity and DO of upstream and downstream sites of dams, and reference sites ( mean
+SD)
AN TR 225 % (P<0.05) AR FRERR 2253 AN 35 (P>0.05)

Z: REFE R B3 2 BT ROR EPT 4328 A CH0 0 3508 T3 R A 20 (] 4A) ; BL AR50 8 T IR IR
o ZRMESMTER SRR 2 TR (H SR o 225 5 . R EE RIS BEFRBUY Jo i 3 2
(K 4B) . ZHRAE SRR £ oM 50 28 /e T 3BT At 0 £ 35 L 4610 D) g 8 vy T 300 10, (L 55 30 R 9 e o 2
25 (K 4C) . 2 MRS BUBSISRT LU ) 3 38 3 TR BRI . T ¥ S L A9 b 20K T 300 0, {5 5 3001 e e
BEES (K 4D),

IR UERE 2 B A BRICEL EPT 2R OB AR A 22 57 (B 4A) o IR UiE BL 35405 T80 i
SRR AL LB A S B A, I T 2 R AR B A 22 5% (B 4B) , IR & 3 il (5. 55% ) B3
1 T HLE7 (0. 08% ) 3 T Ui B3 LA K I B 3 L A9 e a1 it v 5 4R B0 3 LBl 1 i AIR (161 4C) o U Ui
H BB LT 25 (0.52% ), AR T30 13 (3. 36% ) 3 IR Mt 5 28 B 1 40 b (27. 82% ) W& i T30 |
i#(2.80% ) (K1 4D)

NMDS Z5 5B (stress value =0.05) , 5 FIE A9 KA TCHHE S P AE TRV 40 b 5 =B PR 2R ALY
B A R 225, KR 04 JICAT S R v AL BB A LLATEAE A A0 Ay 2 AR S K DR A A d
M2 5,

3 itig

Walsh 25 A\ PEAIIA SN T V5 7 B R SR e i b 32 80, 30 AUl 8 95 SR T 00 IR BE T 7, M i
T 2H i V5 S e8] b A AR L B T R, AR SR R R BT (1 3) TR N 6 AR R K
I TN A1 TP (5 T2 MR, RT3 A sh P o rh SO Lo 9] 10 35 9% Tl ¥ 2 LU A9 e 7K 30U it
SR BT, ORI R B T TR Sl W R T S R AN S S R B OTAUR EPT A3 K IROTA I E R T S
B TRV Bl 4550 E 1 T2 IER, X 5 Chadwick "™ 25 A BYBTFE—30, WTR G IE R & Loy
i REAR, WA RE 5 KR ZH00IE & # INSCH K, #S R AT TS AE, SImEmRE AR EA —EXR, H5K
LRI FT A RAR BT KIS BT LB (5. 55% ) R T2 BB RE G (2. 80% ) , LR R £ 2R K
WUR Ui BT i e 7 R A A K EL, BRSO R T K A AR AR B IR R 0 TR DA SUIR A
B R T B35 0k T 3 A A Sl W A O 2 RN S5 4 IR AL A R LRI EK R

http ; //www. ecologica. cn



384 GO O 2 %
5164 ARIUF sy AKIE
70 8 —
a a
560 T A a B
5 50 | l Ty
g ® 5 2
E 40 s | ® a
Z b a = 4+
& 30 | lf I & ab b
IS I £ 3
s 20 5L
K b b
a 5, a
0 { 0 E AT
ISP S v EPT/ Bl BI##  SAEMEES  BERE B9EHEN
Total taxa richness EPT taxa richness Blindex  Shannon-winter ~ Simpson Evenness
index index index
100 100 b a
o © ab , 90 D .
N i . 80 F
g g 1
5 70 . g 70 %7
E 60 | b £ 60 -
Q Q
g 50+ 5 50 - a
= 40 2 &40t
2 30 X 30
mo20 b b ?aa im0 b
; e [ "\ :
10 ~ L c
0 27 b HERY . b 7L
ek ek Kk BeE Hek PRI [LREES itk

Predator ~ Shredder  Collector  Filterer  Scraper

Sensitive species Tolerance species ~ Mod

4 FREEEFESZEREENDEESEE ANOVA BIESHILRER
Fig. 4 The macroinvertebrate metrics of upstream and downstream sites of dams and reference sites

MR FEORZEFAEA B3 (P>0.05) , AR FRER R ZZ R R (P<0.05)

JKIYUGS b T A ) 4 R T L R AR ) R A B
IRV S P REVE 2015 508 14 % ) 32 7K 3L/ K
IR (AR i R ) AR R 2 AR RN L K
LT e 2 1) B 0 A W A 22 5 (P = 0. 273) , i ]
AES 8 AMEMEA —ERF, MIFRRAMHRA
By Lol , 2202 th THUT irist B T A2 iR K
Je kS HUR W . WUR WK AR i TP Al 305 T
iy, WA AR pH (EANKIR Z 8L — 2, i TN )2
KB TR U, SR ST B0 LR R R
IROREALYE BT S M AR /N, 3% 5 Almeida 55 A 19 BF
FEARIEM

TE SR Bl P AL A5 S5 A T T 300 e it 5 26

erate species

u
A
°

A
A
A
[ ]
[ J
IKHUF i .
IR _E i

2D Stress: 0.05

BS5 AREBESNIFESSEREHFE
Fig. 5 The 2-dimensional NMDS ordinal configuration of the

upstream and downstream sites of dams and reference sites

TE LA 25 i T30 b3, U B SO S X I S U P A AL 7 2 T S, TR T A L ] A 4 ) T BB 5 K B
A, NIFE TP ¥ (0. 09 mg/L) Z @ TR IE TP ¥ (0. 06 mg/L) , X5 Growns' "' AYZE 2L, BI 48
BT e i T30, RIREUE A 30UT i 52 2000 T2 T30 il . A BFGEHRR I, S22 3 e, 30U iy
BH OIS TR ARAR S SE R A SR e &2 HO ) 2 s T 400 1 i, T AR S0 R Uieast B 0 R S 0
W AR BARHE T Al AR AE TR %, BFSES Vallania 218 ABFSE — 200952 90 F el £ 2 te i) 1 - A g
B O TR, A B eSO T REmAR B, XA Sz is el A ¢, HEEWSE, W
KPR HTTEL EPT 7 2K FCHL 2 REPERE R D3 B A &) BEHR A8, 300 b Ui =2 TR I3 A 26 5, it — 2D 0Bk

http ; //www. ecologica. cn



2 4 BENGAE A TR I AR AR IO SR AT S e 45 B S 385

SSURP G S O S0 38 O S AL B R ML L L35 NMDS %S, 1R BFIE 5
WA LSRR 2T

B2, 5 BIRTH L, SRRV AL K R R DR 5 % T IR, RIS
BT UGS A 2EL AR B 90 £ L 1 RS £ L 0 e, 90 W5 S L
RS TR

References:

[ 1] Mcdonald R I. Global urbanization; can ecologists identify a sustainable way forward? Frontiers in Ecology and the Environment, 2008, 6(2) .
99-104.

[ 2] Booth D B. Challenges and prospects for restoring urban streams; a perspective from the Pacific Northwest of North America. Journal of the North
American Benthological Society, 2005, 24(3) . 724-737.

[ 3] Walsh CJ, Roy A H, Feminella ] W, Cottingham P D, Groffman P M, Morgan R P II. The urban stream syndrome:; current knowledge and the
search for a cure. Journal of the North American Benthological Society, 2005, 24(3) . 706-723.

[ 4] Hau BE, Fletcher T D, Walsh C J, Taylor S L. The influence of urban density and drainage infrastructure on the concentrations and loads of
pollutants in small streams. Environmental Management, 2004, 34(1) . 112-124.

[ 5] Stepenuck K F, Crunkilton R L, Wang L. Z. Impacts of urban landuse on macroinvertebrate communities in southeastern wisconsin streams. Journal

of the American Water Resources Association, 2002, 38(4) : 1041-1051.

Ward J V, Stanford J A. The Ecology of Regulated Streams. New York: Plenum Press, 1979, (33757) . 409-409.

Poff N L., Hart D D. How dams vary and why it matters for the emerging science of dam removal. BioScience, 2002, 52(8) : 659-668.

Ligon F K, Dietrich W E, Trush W J. Downstream ecological effects of dams. BioScience, 1995, 45(3) . 183-192.

Benstead J P, March J G, Pringle C M, Scatena F N. Effects of a low-head dam and water abstraction on migratory tropical stream biota. Ecological

Applications, 1999, 9(2) : 656-668.

[10] Almeida E F, Oliveira R B, Mugnai R, Nessimian J L, Baptista D F. Effects of small dams on the benthic community of streams in an atlantic
forest area of southeastern brazil. International Review of Hydrobiology, 2009, 94(2) . 179-193.

[11] Growns I, Reinfelds I, Williams S, Coade G. Longitudinal effects of a water supply reservoir ( Tallowa Dam) on downstream water quality,
substrate and riffle macroinvertebrate assemblages in the Shoalhaven River, Australia. Marine and Freshwater Research, 2009, 60(6) : 594-606.

[12] The Eutrophication Survey Research of Lake, Reservoir All Over the Country Work Group. The Eutrophication Survey Criterion of Lake. Beijing:
China Environment Science Press, 1987 142-171.

[13] Qian Y Q, Ma K P. Biodiversity Principles and Methods. Beijing: China Environment Science Press, 1994 141-165.

[14] Merritt R W, Cummins K W, Berg M B. An Introduction to the Aquatic Insects of North America. Dubuque: Kendall/Hunt Publishing
Company, 1996.

[15] Barbour M T, Gerritsen J, Griffith G E, Frydenborg G R, McCarron E, White J S, Bastian M L. A framework for biological criteria for florida
streams using benthic macroinvertebrates. Journal of the North American Benthological Society, 1996, 15(2) . 185-211.

[16] Chadwick M A, Dobberfuhl D R, Benke A C, Huryn A D, Suberkropp K, Thiele J E. Urbanization affects stream ecosystem function by altering
hydrology, chemistry, and biotic richness. Ecological Applications, 2006, 16(5) : 1796-1807.

[17] Rader R B, Ward J V. Influence of regulation on environmental conditions and the macroinvertebrate community in the upper Colorado River.
Regulated Rivers: Research and Management, 1988, 2(5) . 597-618.

[18] Vallania A, Corigliano M D C. The effect of regulation caused by a dam on the distribution of the functional feeding groups of the benthos in the sub
basin of the Grande River (San Luis, Argentina). Environmental Monitoring and Assessment, 2007, 124(1/3) : 201-209.

S 3k

[12]  “@EEZHA OKEEEFRMREPR. T8 B0 E SRR, Jbat, hEIREEREH ML, 1987, 142-171.
[13] 4RO, DwF. AR AEES k. duat, P ERERER AR AR, 1994, 141-165.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.32,No.2 January,2012( Semimonthly )
CONTENTS

Dynamics of demersal fish species diversity and biomass of dominant species in autumn in the Beibu Gulf, northwestern South
CRina Sea ++e+erererrrnsrnsrenerseesunessmrmieeseesieesiesteestessaesseesessnens WANG Xuehui, QIU Yongsong, DU Feiyan, et al (333)
Spatial variation in species richness of birds and mammals in mainland China «+++ss++sssssesessrmsenmmresii
.................................................................................... DING Jlngjlng, LlU Dingzhen, Ll Chunwang’ et al (343)
Comparative study on learning behavior and electroantennogram responses in two geographic races of Cotesia glomerata =«=-+-<=+++=+-+-
.......................................................................................... WANG Guohong’ LIU Yong’ GE Feng’ et al (351)
Biological characteristics and habitat requirements of Parnassius imperator (Lepidoptera; Parnassidae) —+ereseereeererseseeeeeneinniain.
.......................................................................................... FANG Jianhui, LUO Youging, NIU Ben,et al (361)
Annual variability in biological characteristics of Illex argentinus in the southwest Atlantic Ocean — «orsrorerererareeseacaciraeaeiiieieeeee.
.......................................................................................... FANG Zhou, LU Huajie, CHEN Xinjun, et al (371)
The impact of run-of stream dams on benthic macroinvertebrate assemblages in urban streams +-+ocsevorereerererreeeeiiieiiiiaee.
.......................................................................................... HAN Minghua, YU Haiyan, ZHOU Bin, et al (380)
Effect of suspended sediment on the feeding physiology of Pinctada martensii in laboratory «e+reererererrererrecarrrrieieiiieieeeeene.
.......................................................................................... Ll Zhlmln, SHEN Yuchun’ YU NanlaO, et al (386)
Potential nutrient limitation of phytoplankton growth in the Western and Central Pacific Ocean — =xerorsrrererrremrrerrerrecaereeeenene.
................................................................................. XU Yanging, CHEN Jianfang, GAO Shengquan, et al (394)
Ingestion of selected HAB-forming dinoflagellates «+«cseveereeeeeeeees ZHANG Qingchun, YU Rencheng, SONG Jingjing, et al (402)
Formation of aggregation by Phaeocystis globosa ( Prymnesiophyceae) in response to high grazing pressure -+-cosseseeeereraeeecieaece..
............................................................................................................ WANG XiaOdOng, WANG Yan (414)
Growth and reproduction of the green macroalga Ulva prolifera  -+-+<+-+-+- ZHANG Bixin, WANG Jianzhu, WANG Yifu, et al (421)
Screening of growth decline related genes from Alexandrium catenella  --- ZHONG Jie, SUI Zhenghong, WANG Chunyan, et al (431)
Analysis of inherent optical properties of Lake Taihu in spring and its influence on the change of remote sensing reflectance «-+++-+--+-
............................................................................................. LIU Zhonghua, LI Yunmei, LU Heng, et al (438)
Neural network modeling of the eutrophication mechanism in Lake Chenghai and corresponding scenario analysis =~ +esvovereererereceeeees
.................................................................................... ZOU Rui,DONG Yunxian, ZHANG Zhenzhen, et al (448)
The compensatory growth of shrubby Pinus thunbergii response to the boring stress in sandy coast —trerrerererrrereeeeereiiriaeee.
.......................................................................................... ZHOU Zhen, LI Chuanrong, XU Jingwei, et al (457)
Selected body temperature and thermal tolerance of tadpoles of two frog species ( Fejervarya limnocharis and Microhyla ornata)
acclimated under different thermal conditions — ++sesererereeeeereeeaeennes SHI Lingiang, ZHAO Lihua, MA Xiaohao, et al (465)
Effects of landscape structure and key landscape factors on aphids-parasitoids-hyper parasitoids populations in wheat fields —-+=+-------
.......................................................................................... ZHAO Zihua’ WANG Ying’ HE Dahan’ et al (472)
Effects of cadmium on lipid peroxidation and ATPase activity of plasma membrane from Chinese kale ( Brassica alboglabra Bailey)
FOOLS ###"#esmsssnnssnsnnenesnesnesnesneeneeneeeeeee et eesetteet ettt et e e ettt ans ZHENG Aizhen (483)
Effects of ginger aqueous extract on soil enzyme activity, microbial community structure and soil nutrient content in the rhizosphere
soil of ginger seedlings =++++++reesssrrresssrremnns il HAN Chunmei, LI Chunlong, YE Shaoping, et al (489)
Manganese tOleI‘al’]Ce anfl aCCumulatiOn in my(,/elia Of Cord}/ceps k:yusy-uensis .....................................................................
................................................................................. LUO Yi, CHENG Xianhao, ZHANG Congcong, et al (499)
Influence of oxytetracycline exposure on antibiotic resistant bacteria and enzyme activities in wheat rhizosphere soil =~ «+--ocerreerreeeenes
....................................................................................... ZHANG Hao’ ZHANG Lilan’ WANG Jia’ et al (508)
Effects of elevated nitrogen deposition on soil organic carbon mineralization and soil enzyme activities in a Chinese fir plantation -----
.............................................................................. SHEN Fangfang, YUAN Yinghong’ FAN Houbao, et al (5]7)
Differences in clonal growth between female and male plants of Rhus typhina Linn. and their diurnal changes in photosynthesis
and chlorophyll fluorescence —+rorrreerrrrermrrrirereieiineeeeee ZHANG Mingru, WEN Guosheng,ZHANG Jin,et al (528)
Soil water holding capacity under four typical ecosystems in Wuyunjie Nature Reserve of Hunan Province «:eccseserersreeeseieereeeene.
.......................................................................................... PAN Chunxiang, LI Yuyuan, PENG Yi, et al (538)
The effect of different land use patterns on soil properties in alpine areas of eastern Qilian Mountaing «=x+etoreerererereecerrecaririreeenes
.............................................................................. ZHAO Jinmei, ZHANG Degang, LIU Changzhong, et al (548)
Responses of soil macro-fauna to land desertification in sandy grassland ---coerevorrrreerreeerereenees LIU Rentao, ZHAO Halin (557)
Characteristics of cultivable microbial community number and structure at the southeast edge of Tengger Desert «+ececeerererereeeeeenees
.................................................................................... ZHANG Wei,ZHANG Gaosen, LIU Guangxiu, et al (567)
Physiological and ecological responses of maize to different severities of desertification in the Southern Taklamakan desert ««+-+-x-ece-e-
.................................................................................... LI Lei, LI Xiangyi, LIN Lisha, WANG Yingju, et al (578)
Characterization of caloric value in fifteen plant species in Leymus chinensis steppe in Xilin River Basin,Inner Mongolia = -+--=r+-eee-e--
............................................................................................. GAO Kai, XIE Zhongbing, XU Sutie, et al (588)
Spatial pattern responses of Achnatherum splendens to environmental stress in different density levels +wrororrecorrerreereeneeereneeenene.
....................................................................................... ZHANG Mingjuan, LIU Maosong’ XU Chl,et al (595)
Effects of environmental factors on species distribution and diversity in an Abies fargesii-Betula utilis mixed forest «-+crecerereracececees
.................................................................................... REN Xuemin, YANG Gaihe, WANG Dexiang, et al (605)
Effects of alginate cerium complexes on ascorbate- glutathione cycle in spinach leaves under chlorpyrifos stress eseeeseeeeseeeesereeeene.
....................................................................................... LUAN Xia,CHEN Zhende, WANG Dongfeng, et al (614)
Analysis on spatiotemporal changes of urban thermal landscape pattern in the context of urbanisation: a case study of Xiamen
Gy =+ sereesssrems s e e e HUANG Jucong, ZHAO Xiaofeng, TANG Lina, et al (622)
The analysis of the green vegetation cover change in western Sichuan based on GIS and Remote sensing ««+r=ererersrrorerrerrrerreees
.................................................................................... YANG Cunjian, ZHAO Zijian, REN Xiaolan’ et al (632)
An inventory of BVOC emissions for a subtropical urban-rural complex: Greater Taizhou Area =«=«+-rorrrrererrrrmererenerreieaereeeenene.
................................................................................................ CHANG Jie, REN Yuan, SHI Yan, et al (641 )
Scientific Note
Litter decomposition and nutrient dynamics of Carex lasiocapa under different water conditions — =+errserererrrrrrerrerreeaereeeeeenes
................................................................................. HOU Cuicui, SONG Changchun, LI Yingchen, et al (650)
Nest-box color preference and reproductive success of great tit «=«-«-=+=v=v-+ ZHANG Keqin, DENG Qiuxiang, Justin Liu, et al (659)



(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if

(EBZ|RY2012 F£4EITRE

2

3_!\_‘

Ji

U AUHTPERMIE SR , R WG RE S B QAR 255 A R D7 1) A0 75 £ 1k SO 5 W9 fi 4 5 A2 A5 22 BIE OB s
i TR % I BY s e L o NN R R R B S B R =

(A

Yar:
?rjl ﬁ o

Hey A2 HH), K16 FFA,280 1L, B N E M 70 T/, &4 E W 1680 TT.,

FE IR &S .82-7  FEAMIREALS :M670  ArifEFIS . ISSN 1000-0933  CN 11-2031/Q
A [ MR SR K T T B, A nT B S G BRI RIS, U T KRB AR BN | S SE e A 1

TEAEITI

B . 100085 JL i IE X IGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEEBEMRE fLat

& : (010)62941099 ; 62843362

7 HE: www. ecologica. cn

HITHRE XIKE B ¥

5 5 F # ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) (Semi hlv.S din 1981)
(ﬂéﬂ ] 1981 4F 3 Hﬁ'ﬁql) emimonthly , Started 1n
W|32E 2l (201241 H) Vol.32 No.2 2012
% L= <ﬁ£z§%*l§>?ﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁ@ :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
L+ (010)62941099 Tel; (010)62941099
WWW. e(.:ologl(:a‘ cn www. ecologica. cn
shengtaixuebao@ rcees. ac. cn Shengtaixuebao@ reees. ac. en
=) She S
i~ ig ,ﬁ?jg{ﬁ Ko Editor-in-chief FENG Zong-Wei
g DI
o L 202 A Supervised by China Association for Science and Technology
B hEESE S
P R B 2 SR AR ST TR0 Sponsored by Ecological Society of China
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i . 100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
; Published by Science Press
4 4 2 K a
Hihk . b AR IR ILHT 16 5 Add:16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & B i Beijing 100083 , China A
Hitik . AR FEIAR AL 16 5 Distributed by Science Press m N=
e > o
Mg L i . 100717 Add:16 Donehuanech N (<))
: : ghuangchenggen North
s o —
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China ] —0
-mail ; journal@ cspg. net Tel: (010)64034563 O /-
N . : o NS
2l N in‘li] é%i@ B)Ej\ 577 5 = E-mail ; journal @ cspg. net O —
EISNEAT o R 155 A S ==
Hutik . AL 5T 399 1548 Domestic All Local Post Offices in China > g
Hﬂgﬂéﬁﬁ% .100044 Foreign China International Book Trading g 2
IT&2E X e o Corporation — 'I:
¥ oaiE LR 550 8013 5 Add:P. 0. Box 399 Beijing 100044 , China —_

ISSN 1000-0933

ERSMAFRIT

CN 11-2031/Q

ERNHEZRS 82-7

E s EZ TR S M670

EM 70.00 T



	fm+ml-zw.pdf
	stxb201012081751.pdf
	ml-yw+fd.pdf



