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The bacterial community changes after papermaking wastewater treatment with

constructed wetlands
GUO Jianguo, ZHAO Longhao, XU Dan, SUN Yeqing "

Institute of Environmental Systems Biology, Dalian Maritime University, Dalian 116026, China

Abstract; Constructed wetlands are efficient and economic sewage disposal means, characterized by stimulation of natural
wetland ecosystems. They could remove the pollutants of wastewater to achieve purification of sewage, and microbes play an
important role in this process. The aim of this study is to investigate bacterial community structure variation after effective
wastewater treatment with constructed wetlands. We collected the water samples from the outfall of paper mill and outlet of
constructed wetlands, and examined several parameters of the conventional water quality. Using DGGE method and cloning
sequencing analysis of dominant microbes, we analyzed the variation of the bacterial community structure and major
microbial species in the water samples. The results are as follows: (1) The water quality was greatly improved after
papermaking wastewater treatment with constructed wetlands; (2) The structure of bacterial community remarkably
changed, showing that the major microbes in the wastewater changed from Gamma~—proteobacteria and Chlamydia to Alpha—
proteobacteria , with the decrease in the Shannon—wiener’ s index; (3) Before papermaking wastewater treatment, dominant
pathogenic bacteria included Legionella, Klebsiella and Parachlamydia and degrading bacteria included Thioalkalivibrio,
Dehalococcoides and Hyphomicrobium. In contrast, the main priority of microbes became environment friendly bacteria such
as Mesorhizobium and Rhizobium mostly, and the species and proportion of pathogenic bacteria significantly decreased after
treatment with constructed wetlands. These findings suggest that constructed wetlands can not only improve water quality and
change the structure of microbial community, but also remove a great deal of pathogens in the wastewater, providing

powerful experimental evidence for application of constructed wetlands in industrial wastewater treatment and assessment of
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microbial ecology safety in the future.

Key Words: constructed wetland ; papermaking wastewater; bacterial community
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1.1 SZEM R
ARFFEH K EET 2012 4F 8 H R HIL T4 M
A4 T HEYS O A T b Ab 3 5 i ok

B HETS K RE g 5 9 PWK, K E K KE 9% 5 R
CSK., T2 T 00 1l Ay 7K 7 8 3 0 b, 356 o 350K R
A1, 5 10hm? , Zb BRELAR 2¢°/d, W HE KA Y R
HH A A, RS KT XN BEAT Ak
S, Zead 29 2km 45 R 1% 28 0 U 1 Ml Ak B IXC )
FhAE BT K PR 2 B T 2 VS I M Bk 22 S e
Yy, VT K S ARSI S HE AR BT,
1.2 STk

1.2.1  JKEEHEINZ A2

DO HIEAILERE GTB-607A M€, pH /i PH it
FhE THB-1 52, 60 S b e I Ml E A
SV BEIRER b2 TR AR I E S I OK AT
B EZFRUE 40 ) (1996, ISBN : 7506612801 ) Hr it
()7 AT
1.2.2 DNA AY$2HL

JKFEZ 300 H 9 TC TR 2 A aod 8 R 2 R AU ks
Z= 5, B 300ml, i H B2 FR A /K FELE 0.22um AYRHTR
LR Z N U W IR AR BT R I, S RO T O R S

F i) CTAB IE$2H DNA
1.2.3  ASMH B K (DGGE)

X DNA e B 2 1, DL4E HUAY K A 43 A2 97 DNA
A B, F 518 % U968-GC-F (15" CGCCCGGG
GCGCGCCCCGGGCGGGGCGGGGGCAGGGGG  GAA
CGCGAAGAACCTTAC3') il L1401-R (5’ CGGTGTG-
TACAAGACCC3') ¥ ## 16StDNA [ V6-V8 X, 94C
Smin, (94°C 30s, 55°C 30s, 72°C 1min) 30 cycles,
72°C 10min,4°CA#47, PCR F=¥%E & # 400 ng JE4T
AR E B S HL K, 120V 17h, 60°C 4 1L, 28 TN 44 Ik
T BRI AR B 8% , A8 PR N 45%—65% , HL K
il AT AR MR AR Y o SR JE R UVP S Atk
(NE=Ei 700 8
1.2.4  SERENT

X b Bk R PAGE i [] i 771 4
(BIOMIGA ) i# 47 & a1 Wi, 48 J5 Fl FH 514 B968 (57
AACGCGAAGAACCTTAC3'), L1401-R #E 4T & 4
Lo BBy & R B0 OB R Il i ik ) &
(TIANGEN) [=] iz, =] 7 4 F| H] DNA Ligation Kit
Ver.2.1( TAKARA) #£47 PMD18 T-vector F{)3% # Fll%%
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Geit B dE A JH SPss 4k BE, DGGE & 1 F1 H
Quantity one Xf FEEAH AT KB 34, 5 1 AH 1 Y
IRVEAR, T U W) 22 R 8 ORI 35 &) BE i B it 1
Bo MFHRT FL 3] NCBI 8 | GenBank 4
5 M . KF305475-KF305491

2 ERENH

2.1 AT b ALH S A4 7K BOPE O A 32 B S e
oIl
P 4% HEYS O (PWK) FA TiE #b ik O
(CSK) WA KA 1) K B A8 bR AT T 00, 45 1
W1, GEREH N TIE X5 Y WA B b il 22
YER 7K AT Tl %

®1 ALEMAEREKFECERNDNZE

Table 1 The physicochemical characteristic of wasterwater samples before or after treatment with aritficial wetland

. B AR bR HYY &/ (mg/L)
L Conventional index Concentration of pollutants
Sample
DO PH S TN NH;-N TP PO,-P coD
WAL HEG 0 PWK 2.35 6.76 1.23 3.20+0.09 5.86 +1.16 1.49+0.08 0.093 +0.010 141+4.6
A TR H 7K T CSK 5.84 7.71 0.61 0.93+ 0.10 1.36 +0.10 0.98 +0.09 0.063+0.010 47+3.6
EBR®R Removal rate/% 70.83 76.79 34.55 32.26

2.2 TG A B AR MR T AL s e o3 AT
2.2.1 AN TIRHBAN B S RUE W RER Z FEE T

FIH DGGE $ AR X} & 48 HET5 1 (PWK) FLA
TR H K FT(CSK) B Ak /K BE 1 S04 M0 BETS (1) 45 4
AT T 508, B RFE RIS EE A Rl 1
7N, PWK AHEARA 12 500 B 1 2571 (P1-12) , CSK
A 6 5W W& (P2, C1-5) , ik e 44
RO & R B Z B P2 e B AR TA], N T3
i Ak 3 A R T R

PWK CSK

: Cl1
c2
c3

J c4
cs

P12 » s

E1 AIRtEERHHENHEES R
Fig.1 The profile of microbe in the wasterwater before and

after treatment with aritficial wetland

H—EX &4 HEY S 0 (PWK) A1 T
7K 1 (CSK) PRAL K FE T Wi v 64 7 o0 A an 2k 2,
SHEm DA, Bk O A9 Shannon-Wiener's 75

W Wy 2 B2 N34 ) BE ARG, A W 4 4 o T T B
o, X BEEE R TR N T b A B 75 G ) 1) ol 2 D
b S 515 R R U PR

F2 ATERHMGEEMNMEYSHE UHSEMOESFT
Table 2 Analysis of the Shannon-Wiener’s index, Species richness
and Evenness of microbial communities before and after treatment

with aritficial wetland

FEh Sample Stk H WRhZ 1L S WA E
PWK 3.7694 51 0.9587
CSK 3.1240 28 0.9375

2.2.2 N TIRHbAL IS A DR EE R 43 B

FELSA AR FIF 5 LU XS, 43 B A 80 17 Ff
EEY 12 A8 TASIE R, A LI Ak J AT Y
WARTG 7K LA y A8 TE BRI AR S A4 Ry 2 SRR R, Ak B
JE FELL o I N T,y I TR L A (o T
2) , N T Ml A P fl 2B B A e A el s
2.2.3 N LIRHbAb RS A MRt R B D R S0 B

C % E IR A WU AR I Th g 322400 o =28 . BUw
Y& FH ( Pathogen ) . [& % 1E FH (N, fixation ) F1 % fi# 4E
( Degradation ) , N & 3 Ff 7, 7E & 40 HE 15 A
(PWK) , 1A 32 22 LA SO TR R0 % A 0 Oy 6 5 T AE
N TR K T rp | PR 0E A G 1Y) [ 2R A 32 AL
WA, B B0 VE R R 40 0 LA BH S R

235 8 R AR 38 AR5 K AR TR 3 22 05 B )
Ko ik TR R S0H B, T MR K R R E M Y L R
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AR5 A A B
The proportion of bacteria in different taxa
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B2 ATRAIEETENREM TR 75 L I 1E SR

Fig.2  The percentage of different classes of microbe in the

sample PWK and CSK

B, TEXEART HETS H AL, Thioalkalivibrio 243 it 4,
LAME, 25 RmALIE 2 ; Dehalococcoides 7] LLAE
VR VAR R JIEIS N N ) )
ST, TERRIN 7S SRS Qe il i v, 4% T H B
Ji A ;s Hyphomicrobium AT AR e gk
2R 0 L R BORS T AN 8B I R AR G
FREEY], Legionella AT 3275 7 3 MR, 255 —Fh
Bl BB 240 B P 6 200 TR SR , T LA | A — e e B
BEMERT 5621 s Klebsiella T LA | I W 35955 | JFF I i
8 s s 122 ; Parachlamydia 7] LL5| d2
PR S RN R 207

[0 Pathogen
O Degradation

Bl N, fixiation
B Others

0.6 -

04

R W) S RE A AP i) LA

The proportion of bacteria with special function

02

PWK

CSK

B3 ATRithAbIR TS A h &8 40 15 4 7 bL ) 1 R
Fig.3 The percentage of different bacteria according to their
function in the sample PWK and CSK

5N T H 7K 1A | Mesorhizobium , Rhizobium
MR AR Y AT R 5 E R
TP A 8 AR IR, A A T AW [ A, Variovorax
FETE TR i Y BB v, AR s VA B A i i
3 PR IR A A 2 1 B SR e R B
FIARE > =R MDY B ATAT LS R R A
AR AR AR A BB R AR DY Rhodobacter
SR BT, AT 2 AR TE TR K F
T AR I e E 4%, Cryobacterium =% A VK
JIFNPKN - He sy a9 505 Shaem ot i,

®3 WFEREWFTS NCBI #3E E L3t 4> 47
Table 3 Analysis of the sequencing microbia compared with NCBI database
o Falt NCBI J¥51] % il HE/ % S5i38 5 NP R
Site Band  Accession Genus Similarity ~ Process Human diseases
PWK Pl NR_041321 Legionella 88 Jifi ¢ , W2 T
P2 NR_074791 Klebsiella 99 Jili 52, VL1 RE 45
P3 NR_074231 Legionella 91 Jifi ¢ , W52 T A
P4 NR_074271 Protochlamydia 94 g?\g%ﬂ%ﬁ( EHEFRE,
P5 NR_074972 Thioalkalivibrio 91 25 S i R
P6 NR_074271 Parachlamydia 91 %\E{gﬁ}miﬁﬁu ERE,
p7 NR_102515 Dehalococcoides 82 B AEH
P8 NR_044952 Legionella 96 SRR 1 e
P9 NR_044955 Legionella 97 FEX b SR T
P10 NR_044955 Legionella 97 SRR £ e
P11 NR_026426 Mesorhizobium 99 e
P12 NR_025082 Hyphomicrobium 96 R A o B AL
CSK cl NR_074646 Variovorax 99 b PR B iz 7K
c2 NR_074504 Rhizobium 97 A= [ A
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Site Band Accession Genus Similarity Process Human diseases
c3 NR_044216 Rhizobium 99 EERY

C4 NR_042564
C5 NR_042170

Rhodobacter

Cryobacterium
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FEIE P CAE P 1T B DA 44 5 S5 rh RS, iy BRAE A2 )
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T IR PRBE 0 2R | N TE I PR 1 B AR ) 2 B vE
T, B4 L3S N A S R AR, B LA, K AR A
A= A B AT AR R S AR, N T Ak
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P, X R B A ek

Tl I5 YR I B L H R B A FE bR AN BE
W IT A AT e 5 O, T LR AR K B 4
K1, A B EAT R B | TR A R VR 45 4 IS A
—EFEE LT ATRAMNX — AN 2, 5 i i Al
JAT LS B AR bR ] S WK R O, ASBIF SR Y 45
WHLIESE T3k — 4,

ARHFFE XN TR b A B 4075 K R A
FEE I R AT T 9%, 308 b 2T J X Hofth Tl
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(EAS FE LAY S, T b Ak B S 8 7K AR SR A7 A 7T
A | W W 9 | JHE R e g 1 9% 9 1 3500 AT, A
Klebsiella AR , ‘B AT HEEE AT 1Z O TE Tl 15 K HE
A R R A S T 0 e S R O A 4 B HE T

http ; //www.ecologica.cn



2100 VST

34 4

P, I AL T LABT 175 K AR BR S5 v 5 R A 2 XU

References :

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Stottmeister U, Wiessner A, Kuschk P, Kappelmeyer U, Kastner
M, Bederski O, Muller R A, Moormann H. Effects of plants and
microorganisms in constructed wetlands for wastewater treatment.
Biotechnol Adv, 2003, 22(1/2) :93-117.

Lim P E, Mak K Y, Mohamed N, Noor A M. Removal and
speciation of heavy metals along the treatment path of wastewater
in subsurface-flow constructed wetlands. Water Sci Technol,
2003, 48(5) :307-313.

Lian J J, Xu S G, Zhang Y M, Han C W. Molybdenum ( VI)
removal by using constructed wetlands with different filter media
and plants. Water Sci Technol, 2013, 67(8) :1859-1866.
Richter A Y, Weaver R W. Treatment of domestic wastewater by
subsurface flow constructed wetlands filled with gravel and tire
chip media. Environ Technol, 2003, 24(12) :1561-1567.

Mburu N, Tebitendwa S M, van Bruggen J J, Rousseau D P,
Lens P N. Performance comparison and economics analysis of
waste stabilization ponds and horizontal subsurface flow
constructed wetlands treating domestic wastewater; A case study of
the Juja sewage treatment works. J Environ Manage, 2013, 128C:
220-225.

He J T, Wu S B.Application Prospect of Constructed Wetland for
Pulp and Paper Wastewater Treatment. science &
technology, 2006, 25(1) .41-44.

Fan L W, Lu Z X, Hai R T. Treatment of Purp and Paper

Paper

Wastewater by Constructed Wetland Technic. China Pulp and
Paper, 2010, 29(11) :37-42.

Ding C, Yang T Y, Yu Q, Li Z X, Yang C S. Treatment of 1, 2-
dichlorobenzene in wastewater by using horizontal subsurface flow
constructed wetlands. Huan Jing Ke Xue, 2011, 32 (9):
2582-2587.

Casas-Zapata ] C, Rios K, Florville-Alejandre T R, Morato J,
Penuela G. Influence of chlorothalonil on the removal of organic
matter in horizontal subsurface flow constructed wetlands. J
Environ Sci Health B, 2013, 48(2) ;122-132.

Langergraber G. Are constructed treatment wetlands sustainable
sanitation solutions? Water Sci Technol, 2013, 67 ( 10):
2133-2140.

Zhao Y J, Cheng P, Pei X, Zhang H, Yan C, Wang S B.
Performance of hybrid vertical up- and downflow subsurface flow
constructed wetlands in treating synthetic high-strength wastewater.
Environ Sci Pollut Res Int, 2013,20(7) ; 4886-4894

Huang J, Zhao X F. Progress of Study on Microorganisms in the
Constructed Wetland for Wastewater Treatment. Transactions of

Oceanology and Limnology, 2012, 2.151-156.

Samso R, Garcia J. Bacteria distribution and dynamics in

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

constructed wetlands based on modelling results. Sci Total
Environ, 2013, 461-462C. 430-440.

Hench K R, Sexstone A J, Bissonnette G K. Heterotrophic
community-level physiological profiles of domestic wastewater
following treatment by small constructed subsurface flow wetlands.
Water Environ Res, 2004, 76(5) :468-473.

Sorokin D Y, Kuenen J G, Jetten M S. Denitrification at extremely
high pH values by the alkaliphilic, obligately chemolithoautotrophic,
sulfur-oxidizing bacterium Thioalkalivibrio denitrificans = strain
ALJD. Arch Microbiol, 2001, 175(2) :94-101.

Duhamel M, Mo K, Edwards E A. Characterization of a highly
enriched dehalococcoides-containing culture that grows on vinyl
chloride and trichloroethene. Appl Environ Microbiol, 2004, 70
(9) :5538-5545.

Tas N, van Eekert M H, Wagner A, Schraa G, de Vos W M,
Smidt H. Role of " Dehalococcoides" spp. in the anaerobic
transformation of hexachlorobenzene in European rivers. Appl
Environ Microbiol, 2011, 77(13) :4437-4445.
McAnulla C, Woodall C A, McDonald T R, Studer A,
Vuilleumier S, Leisinger T, Murrell J C. Chloromethane utilization
gene cluster from Hyphomicrobium chloromethanicum strain CM2
(T) and development of functional gene probes to detect
halomethane-degrading bacteria. Appl Environ Microbiol, 2001,
67(1) :307-316.

Duine J A, Frank J, Westerling J. Purification and properties of
methanol dehydrogenase from Hyphomicrobium x. Biochim
Biophys Acta, 1978, 524(2) :277-287.

Wang L, Wen Y, Guo X, Wang G, Li S, Jiang J. Degradation of
methamidophos by Hyphomicrobium species MAP- 1 and the
biochemical degradation pathway. Biodegradation, 2010, 21(4) .
513-523.

Diederen B M. Legionella spp. and Legionnaires’ disease. J
Infect, 2008, 56(1) :1-12.

Lee I A, Kim D H. Klebsiella pneumoniae increases the risk of
inflammation and colitis in a murine model of intestinal bowel
disease. Scand J Gastroenterol, 2011, 46(6) :684-693.
Eisenberg G M, Flippin H F, Kayser H L, Nadel J, Sathavara S,
Spivack A, Weiss W. Klebsiella in respiratory disease. Ann Intern
Med, 1956, 45(6) :1010-1026.

Kanhutu K N, Post J J, Clezy K R, Foo H Y. Community-
acquired Klebsiella pneumoniae liver abscesses — an “emerging
disease” in Australia. Med J Aust, 2011, 194(7) :374.

Hiran S, Vishwanathan K A. Klebsiella pneumoniae — an
emerging bacterial cause of osteomyelitis in sickle cell disease. J
Assoc Physicians India, 1999, 47(6) :637-638.

Richter M, Matheis F, Goncezi E, Aeby S, Spiess B, Greub G.
Parachlamydia acanthamoebae in domestic cats with and without
corneal disease. Vet Ophthalmol, 2010, 13(4) :235-237.

Greub G, Boyadjiev I, La Scola B, Raoult D, Martin C.

http ; //www.ecologica.cn



8 1

WA AR NI HbAL B AR K S A R R VR 45 40 A2 1

2101

[28]

[32]

[34]

[35]

[36]

[37]

Serological hint suggesting that Parachlamydiaceae are agents of
pneumonia in polytraumatized intensive care patients. Ann N Y
Acad Sci, 2003, 990 311-319.

Kaneko T, Nakamura Y, Sato S, Asamizu E, Kato T, Sasamoto
S, Watanabe A, ldesawa K, Ishikawa A, Kawashima K et al.
Complete genome
bacterium Mesorhizobium loti. DNA Res, 2000, 7(6) :331-338.
Tighe S W, de Lajudie P, Dipietro K, Lindstrom K, Nick G,

structure of the nitrogen-fixing symbiotic

Jarvis B D. Analysis of cellular fatty acids and phenotypic
relationships of Agrobacterium, Bradyrhizobium, Mesorhizobium,
Rhizobium and Sinorhizobium species using the Sherlock Microbial
Identification System. Int J Syst Evol Microbiol, 2000, 50 (2):
787-801.

Spaink H P. Root nodulation and infection factors produced by
rhizobial bacteria. Annu Rev Microbiol, 2000, 54. 257-288.
Allison N, Turner ] E, Wait R. Degradation of homovanillate by a
strain of Variovorax paradoxus via ring hydroxylation. FEMS
Microbiol Lett, 1995, 134(2) :213-219.

Dejonghe W, Berteloot E, Goris J, Boon N, Crul K, Maertens S,
Hofte M, De Vos P, Verstraete W, Top E M. Synergistic
degradation of linuron by a bacterial consortium and isolation of a

Appl  Environ

single  linuron-degrading  variovorax  strain.
Microbiol, 2003, 69(3) :1532-1541.

Futamata H, Nagano Y, Watanabe K, Hiraishi A. Unique kinetic
properties of phenol-degrading variovorax strains responsible for
efficient trichloroethylene degradation in a chemostat enrichment
culture. Appl Environ Microbiol, 2005, 71(2) :904-911.

Satola B, Wubbeler J H, Steinbuchel A. Metabolic characteristics
of the species Variovorax paradoxus. Appl Microbiol Biotechnol,
2013, 97(2) :541-560.

Zhang D C, Wang H X, Cui HL, Yang Y, Liu H C, Dong X Z,
Zhou P J. Cryobacterium psychrotolerans sp. nov., a mnovel
psychrotolerant bacterium isolated from the China No. 1 glacier.
Int J Syst Evol Microbiol, 2007, 57(4) :866-869.

Guo R M, Liu HH, Zhou L. G, Pan D Y, Sun H B. Structure of
Microorganisms in a Constructed Wetland and Nitrogen Removal.
Jiangsu Environmental Science and Technology, 2006, 19(5) .
14-16.

Dai Y Y, Yang X P, Zhou L X. Effect of Reed Rhizosphere on
in  Subsurface Flow

Nitrogen and CODRemoval Efficiency

Constructed Wetlands. Environmental Science, 2008, 29 (12) .

[38]

[39]

[40]

[41]

[42]

[43]

3387-3392.

Griffith M E, Lindquist D S, Benson R F, Thacker W L, Brenner
D J, Wilkinson H W. First isolation of Legionella gormanii from
human disease. J Clin Microbiol, 1988, 26(2) :380-381.

Song Z W, Sun Q, Xu A L, Qian S C, Liu L L, Feng M X.
Dynamic distribution and correlation analysis of indicator-and
pathogenic microorganismsin a surface-flow constructed wetland.
Chinese Journal of Ecology, 2013, 32(1) :91-97.

Hench K R, Bissonnette G K, Sexstone A J, Coleman J G,
Garbutt K, Skousen J G. Fate of physical, chemical, and
microbial contaminants in domestic wastewater following treatment
by small constructed wetlands. Water Res, 2003, 37 (4):
921-927.

George 1, Petit M, Theate C, Servais P. Use of rapid enzymatic
assays to study the distribution of faecal coliforms in the Seine river
(France). Water Sci Technol, 2001, 43(12) :77-80.

Hendricks C W. Increased recovery rate of salmonellae from stream
bottom sediments versus surface waters. Appl Microbiol, 1971, 21
(2) :379-380.

McCarthy G, Lawlor P G, Harrington C, Gardiner G E. Microbial
removal from the separated liquid fraction of anaerobically digested
integrated constructed wetlands.

pig manure in meso-scale

Bioresour Technol, 2011, 102(20) ;9425-9431.

S k.

[6]

(7]

[12]

[37]

[39]

B, AR, TR A PR v AT K A PR, i 4CR)
FEHAR, 2006, 25(1) :41-44.

JUSLYE, PR, IR AU K I N TR AR B T 4
Mr. P EELE, 2010, 29(11) :37-42.

B, WABEIE. SR N TS K AL B R AT . Vi
EWIEER, 2012, 02:151-156.

AN, XD, FESER, Wk, PhELE. RN TR
A Vo 20 BB RSO I B 9. VLR SRR, 2006, 19
(5) :14-16.

HURE , MR, SR PSR PR BT R TER T H
5 coD X Bk M fig 0y R mh. 3R BT RL 4%, 2008, 29 (12):
3387-3392.

KA, IMEE, RERY, BRAEM, XUSH, W5, AT
rh 7R 59 JEMUAE ) B 35 43 A MO e A BT, AR S ARGk
2013, 32(1):91-97.

http ; //www.ecologica.cn



ACTA ECOLOGICA SINICA Vol.34 ,No.8 Apr.,2014( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

Growth rates of marine planktonic ciliates: a review ---eeeeeeeeeeeeeenns ZHANG Wuchang, LI Haibo, FENG Meiping, et al (1897)
Research status and prospects on functions of urban forests in regulating the air particulate matter «««ocoeeeveeeeraeaieniin ..

............................................................................................................ WANG Xiaolei, WANG Cheng (1910)
A review of snow-living Collembola «--eeeeeeemmemiemiiiiiii ZHANG Bing, NI Zhen, CHANG Liang, et al (1922)

Autecology & Fundamentals
Photosynthetic responses to changes in CO, concentration and soil moisture in leaves of Securinega suffruticosa from shell ridge
islands in the Yellow River Delta, China = -c-ecoeeeveeeeenennes ZHANG Shuyong, XIA Jiangbao, ZHANG Guangcan, et al (1937)
Quantities and spectral characteristics of DOM released from leaf and litterfall in Castanopsis carlesii forest and Cunninghamia
lanceolata PlAntation «+++++++ssrervrererereneiniiiiiiii KANG Genli, YANG Yusheng, SI Youtao, et al (1946)
Seasonal dynamics of leaf area index using different methods in the Korean pine plantation ««««eeeeeeeeeeenineiiiiiiiinii .
............................................................................................. WANG Baogi, LIU Zhili, QI Yujiao, et al (1956)
Influence of environmental changes on stoichiometric traits of nitrogen and phosphorus for Larix gmelinii trees —«=eceeeeeeeeeeeeeceeeenes
................................................................................................ PING Chuan, WANG Chuankuan, et al (1965)
Soil water in deep layers under different land use patterns on the Loess Tableland --- CHENG Liping, LIU Wenzhao, LI Zhi (1975)
Water parameters of the branch of Larrea tridentata under different soil drought stress ««cceceeeeeeeeeerenniini
........................................................................ ZHANG Xiangning, SUN Xiangyang, WANG Baoping, et al (1984)
Effects of shading treatments on photosynthetic characteristics of Juniperus sabina Ant. seedlings «-«+«--s-eeeeereermenniiniiiii ..
....................................................................................... ZHAO Shun,HUANG Qiuxian, LI Yuling,et al (1994)
Root distribution in typical sites of Lijiang ecotone and their relationship to soil properties —«-es-seeeererseeieneiimiiiiii.,
................................................................................. LI Qingshan, WANG Dongmei, XIN Zhongbao, et al (2003)
The survival and above/below ground growth of Haloxylon ammodendron seedling ««««+«««+«++svreeurerimtaurenniteniiiiieniiee e
....................................................................................... TIAN Yuan, TASHPOLAT - Tiyip,LI Yan,et al (2012)
Effects of simulated acid rain on the physiological and ecological characteristics of Rhododendron hybridum — ««-«+-eseeeeeeeeeeneiiaennns
.......................................................................................... TAO Qiaojing, FU Tao, XIANG Xina, et al (2020)
Karst cave bacterial calcium carbonate precipitation: the Shijiangjun Cave in Guizhou, China «=--e-seesereerermiiiiiiii.,
.......................................................................................... JIANG Jianjian, LIU Ziqi, HE Qiufang, et al (2028)
Migration of the 7" generation of brown planthopper in northeastern Guangxi Zhuang Autonomous Region, and analysis of source
ATEAS  +« e eeerernrnenentn ettt ettt en e et et eea e eaens QI Huihui, ZHANG Yunhui, JIANG Chunxian, et al (2039)
Population, Community and Ecosystem
The dynamics and determinants of population size and spatial distribution of Common Cranes wintering in Poyang Lake «+-+eceeeeeeeeee
....................................................................................... SHAN Jihong, MA Jianzhang, LI Yankuo, et al (2050)
Effects of snow pack on wintertime soil nitrogen transformation in two subalpine forests of western Sichuan ««+---oreereeeeeeeeniiiann.
.......................................................................................... YIN Rui, XU Zhengfeng, WU Fuzhong, et al (2061)
Numerical classification, ordination and species diversity along elevation gradients of the forest community in Xiaoginling «-«-----+----
................................................................................. CHEN Yun, WANG Hailiang, HAN Junwang, et al (2068)
Phytoplankton community structures revealed by pigment signatures in Norwegian and Greenland Seas in summer 2012 ««-eceeeeeeeennns
................................................................................. WANG Xiaoying, ZHANG Fang, LI Juanying, et al (2076)
Analysis of differences in insect communities at different altitudes in Zanthoxylum bungeanum gardens, Yunnan, China «---e-eeeeeees
................................................................................. GAO Xin, ZHANG Limin, ZHANG Xiaoming, et al (2085)
The bacterial community changes after papermaking wastewater treatment with artificial wetland = =+«eeceeeeeeeeeiiiiinn

....................................................................................... GUO Jianguo, ZHAO Longhao, XU Dan, et al (2095)



2172 toEx % W 3445

Ecological water requirement estimation of the rump lake in an extreme arid region of East Juyanhai ««-«ceeoveeeeeeeiineiiiiiin..
.......................................................................................... ZHANG Hua, ZHANG Lan, ZHAO Chuanyan (2102)
Landscape, Regional and Global Ecology
Spatial distribution patterns of species richness and hotspots of protected plants in Qinling Mountain —=+«-eseseeeeremmeeeeinaiii..
....................................................................................... ZHANG Yinbo, GUO Liulin, WANG Wei, et al (2109)
Impacts of solar radiation on net ecosystem carbon exchange in a mixed plantation in the Xiaolangdi Area ----e-seereeerreimiiiiiiinnn.
.................................................................................... LIU Jia, TONG Xiaojuan, ZHANG Jinsong, et al (2118)
Carbon density and distribution of Pinus tabulaeformis plantation ecosystem in Hilly Loess Plateau «-e-eeeeeeeereemeeeamaiiiii..
............................................................................................. YANG Yujiao, CHEN Yunming, CAO Yang (2128)
Dynamics of carbon storage at different aged Koelreuieria paniclata tree in Xiangtan Mn mining wasteland «««cecoeeeeeeeeeeneniinine.
....................................................................................... TIAN Dalun, Li Xionghua, LUO Zhaohui, et al (2137)
Resource and Industrial Ecology
Contamination status of Pb and Cd and health risk assessment on vegetables in a mining area in southern Hunan ------eeeeeeeeenennnns
............................................................ WU Yanming, LV Gaoming, ZHOU Hang, on storage at different age (2146)

Urban, Rural and Social Ecology

Life cycle assessment and environmental & economic benefits research of important building external insulation materials in Beijing ---
............................................................................................. ZHU Lianbin, KONG Xiangrong, WU Xian (2155)

Effects of urban imperious surface on the habitat and ecophysiology characteristics of Ginkgo biloba — ++++x+seevereereeneiininiiniine.

....................................................................................... SONG Yingshi, LI Feng, WANG Xiaoke, et al (2164)



(ERFIRY2014 F£HEITRE

CEERSR) T ERFFEAR S 345 D EA S 2 P EBE B AE SR O EI RS
AR T AR 1981 45 Hi18 AR A8 2= U T U e PR I QBT PERF LR . R E AT, A K
G {07 g AR A SE T KAE RSB TAEE IR R AR R, B S A e i R 8 i F 15,
PR AE AR AR, 3R 15 35 A A R A A TR BT IR 55 o B R i FUR TR IR SF

(AR FBRGE A 252 K A543 37 24 R S B R S R F A I 89 B b B PR RHF BR . BRI XK
G S WA AR 2 S T ] I 75 23 1 SO WA T4 5 2R S22 e B i BR8N
2R BB I LR BN 5%,

CHERZEM) 2 H A, K 16 TFA%,280 T, [ N2 4 90 Jo/ M, 44F 2 f 2160 TT.,

] IR & ARG . 82-7, AR &K 5 . M670

FrifEF]S . ISSN 1000- 0933 CN 11-2031/Q

4 [E A H MR Ry Y AT T 1) A P B S S R WA SK . WGl T R AR RIS | S B AL L I 1S
R AN

Eiflihil . 100085 JLRUHIEX NG 18 5 B 1&: (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees.ac.cn | 1k - www.ecologica.cn

AERERIER WK% HEMEMLE fLats HITHRE XIRE B %

4 &5 % #® ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEAT 1981 483 A BIF) (Semimonthly , Started in 1981)

Hi34 8 (201444 1) Vol. 34 No. 8 (April, 2014)
% L=y <§E,§%}[§>}éﬁ§ﬁ%ﬂ$ Edited by Editorial board of
Mok - JESTRE OB 18 5 ACTA ECOLOGICA SINICA
Eﬁﬂg’ﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085, China
i : (010) 62941099 Tel; (010) 62941099

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

£ & Em IS
F & ER A Editor-in-chief WANG Rusong
* o P EAEASERE L Supervised by China Association for Science and Technology
R E RS B A A SRRSO Sponsored by Ecological Society of China
Hidk . b R E X AOE K 18 5 Research Center for Eco-environmental Sciences, CAS
M L 4 i - 100085 Add 18, Shuangqing Street, Haidian, Beijing 100085, China
H R 4 4§ 2 X it Published by Science Press
Hidhl b R e IR L 16 5 Add ;16 Donghuangchenggen North Street,
MR 2w 100717 Beijing 100717, China
Ef Bl ACETIEARED R Printed by Beijing Bei Lin Printing House,
% T M4 4 & A a Beijing 100083 , China A
Hudil R BRI 16 5 Distributed by Science Press m g—
Hﬂﬁﬂgﬁﬁ% 100717 Add ;16 Donghuangchenggen North o
?ﬁﬁ 51(910) 6]4@034563 Street, Beijing 100717, China T =
t-mail ; journal@ cspg.net Tel. (01 4034563 O =-x
R e (1) 60 S ——n
ESMRAT o [ B 4 5 5 A o Jrataimats epenet - =0
Hohk AL BT 399 {24 Domestic All Local Post Offices in China = g
. Pd 5 ——
BB 4555 - 100044 Foreign China International Book Trading (%) E
ITEEE SO TR 8013 B Corporation 2 ,r:
¥ oA aE LR TR 7 Add:P.0.Box 399 Beijing 100044, China S
ISSN 1000-0933 ) - e o
N0 A ERSMAFF AT E N ERLZ RS 82-7 E5&ITHRS M670 R 90.00 5T

CN 11-2031/Q



	Binder1.pdf
	fm.pdf
	08ml.pdf

	stxb201307011813.pdf
	Binder2.pdf
	yml.pdf
	08fd.pdf




