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Abstract ; Riffle and pool, which exhibit very different physical characteristics (such as depth, velocity, substrate) , are
basic and common habitat units in mountain rivers. The benthic macroinvertebrate is an important connector among the
different trophic levels of stream ecosystem and its community could be easily affected by variation of physical characteristics
of microhabitat. However, previous researches did not always demonstrate a clear difference of community structure and
diversity between riffle and pool macroinvertebrate. Dong River is a typical mountain stream which is located in a karst area

of southwestern China, namely Kaixian County of Chongqing. In order to study variations in structure, composition and
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diversity between riffle and pool macroinvertebrate assemblage, we chose twenty one pairs of riffles and pools to investigate
benthic macroinvertebrate species in upstream of Dong River in July 2011. Our results indicated that the difference of water
quality was not significant between the two habitats. However, the riffle habitat not only had a wider water surface and faster
flow velocity, but also contained bigger substrate than those of the pool habitat. The number of species was thirty one in
riffles and twenty four in pools. Density and wet biomass of macroinvertebrate assemblage in riffles were 450. 62 ind/m” and
2.88 g/m’, respectively, comparing to 86.24 ind/m’ and 0.55 g/m’ in pools. Mayfly was the group with the highest
density, abundance and species richness in both habitats. Virtually all species were more abundant in riffles than those in
pools, except chironomids, Ephemera sp and Hexatoma sp which were more abundant in pools. Indicator Species Analysis
indicated that a greater number of taxa, including Hydropsyche sp, Iron sp, Pseudocloeon sp, Glossosoma sp, Epeorus sp2,
Notacanthurus sp, Heterocloeon sp, Serratella sp, Antocha sp, Isonychia sp and Rhithrogena sp, were restricted to riffles,
while only two species, Ephemera sp and Hexatoma sp, were indicator species of pools. Kruskal-Wallis Test indicated that
relative abundance of each functional feeding group was significantly different between the two habitats. Scraper was the
dominant functional feeding group in both habitats, while shredder had the lowest relative abundance. Relative abundance
of functional feeding groups between riffle and pool were significantly different except that of shredder. Riffles exhibited
significantly higher percentage of collector-filterer and scraper, while percentage of collector-gatherer and predator in pools
were significantly higher than that of riffles. Detrended Correspondence Analysis indicated that the difference of
macroinvertebrate community structure was obvious between the two habitats. Density, wet biomass, species richness,
Shannon-Wiener index and Improved Shannon-Wiener index of riffles were significantly higher than those of pools, which
was similar with former researches conducted in mountain stream with stony substrate. Pool characterized by small and loose
substrate is unstable and vulnerable habitat for benthic macroinvertebrate to resist fast flow during the flooding period.
However, bigger substrate of riffle as a result of erosion creates a much more diverse and stable for macroinvertebrate to
escape predators and disturbance of scouring. Therefore, habitat stability and heterogeneity affected by habitat morphology,

hydraulic characteristics and erosion/deposition pattern may be the major explanation.

Key Words: macroinvertebrate ; riffle; pool; habitat; detrended correspondence analysis ( DCA ) ; functional feeding

groups; upland stream; indicator species analysis
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Table 1 Physical features and water physicochemical parameters of riffles and pools in sampling river reaches ( mean+SD)

S DR R ANOVA Kruskal-Wallis Test
Parameters Riffles Pools F P H P
pH 8.1720.82 8.2720.81 0.16 0. 694

W T/°C 19.93+1.53 20.02+1.56 0.04 0. 850

R4 DO /(mg/L) 7.00+0.72 6.92+0.47 0.21 0.652

B $ Cond /(pS/cm) 203.48+25.38 197.95+29. 62 0.42 0.519

S EARE#E TDS/ (mg/L) 107.69+15. 86 105.38+16.85 0.21 0.651

JK I Y5 Mean width /m 14.16.6 10.2+5.9 4.10 0.050

JKE Mean depth/cm 29.11+6.75 46.22+9.48 22.15 <0.01
i Flow velocity /(m/s) 0.59+0. 12 0.26+0. 11 86.30  <0.01

LA PR ST S Y H AR

Frequency of dominated substrate

%% Boulder( >256 mm) 9 1 — — — —
[f 47 Cobble (64—256 mm) 9 2 — — — —
/MBI Pebble (16—64 mm) 3 16 — — — —
HH Gravel (2 —16 mm) 0 2 — — — —

# R B8 Cummins (1975 3120 0 43 ib ik gravel (2—16 mm) , BIf5 pebble (16—64 mm) , [#f5 cobble (64—256 mm) , %% boulder

(>256 mm) , & bedrock
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Table 2 Indicator value and community structure for benthic macroinvertebrate in riffles and pools
o R I Fe=s

sep N Frequency Density Relative
Toxon FFG* Indicator /(A/m?) abundance/%

value R E w E e R

Riffles  Pools  Riffles Pools  Riffles Pools

ST Arthropoda
B# H Diptera
I8 Simuliidae CF 14.3 3 0.88 0.20
KR Tipulidae
WKW Antocha sp. CG 36.2(R*) 9 3 4.76 88 1.06 1.02
KIS Hexatoma sp. PR 47.5(P*) 4 13 1.23  4.06  0.27 4.70
FEWA} Chironomidae
KIEFEBUE Tanypodinae sp. PR 21.4 6 9 2,12 2,12 0.47 2.45
FEIU® Camptochironomus sp. CcG 27.5 2 7 0.53 2.47  0.12 2.86
1%} Ceratopogonidae PR 2.4 1 1 0.18 0.18  0.04 0.20
/It Subtotal — — — 9.70  9.71 2.15 11.25
8 H Ephemeroptera
ZFIF R} Isonychiidae
ZE0E )R Tsonychia sp. CF 28.6(R™) 6 1.59 0.35
U5 IER} Baetidae
R 3REFJE Pseudocloeon sp. Sc 87.4(R**) 21 18 104.23  14.99 23.13 17.38
U5 IEE Baetis sp. CG 52.5 18 14 19.75  12.52  4.38 14.52
Acenrella sp. 1 CG 20.4 5 1 1.06  0.18  0.23 0.20
Acentrella sp. 2 CG 23.8 5 2.12 0.47
Heterocloeon sp. SC 57.6(R™™) 15 2 8.82 2.12 1.96 2.45
24} Ephemeridae
E b )& Ephemera sp. CG 73.4(P*") 2 16 0.35 9.35  0.08 10. 84
/NEFRE Ephemerellidae
YR IEJE Runella sp. PR 19.8 5 1 0.88  0.18  0.20 0.20
HWIhIEIE Cincticostella sp. CG 4.8 1 0.18 0.04
YRICUEIE Serratella sp. CG 55.0(R™) 16 7 4.59 1.76 1.02 2.04
Y #E R} Ephemeroptera
U FESENTE B Choroterpides sp. CG 14.3 3 0.88 1.02
Jii B R} Heptageniidae
RIS Epeorus sp. 1 SC 19.0 4 0.71 0.16
= FIAE R Epeorus sp. 2 SC 66.7(R™™) 14 18.87 4.19
REZIE Tron sp. Sc 95.4(R**) 21 11 69.31 3.35  15.38 3.89
HHIBZE Notacanthurus sp. Sc 60.0(R*") 14 3 7.94  0.88 1.76 1.02
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pragdicd a8 e
B T i 2
L3 FeoRE" Frequenc Density Relative
rjlf A FFG* Indicator Y /(A~/m?) abundance/ %
axon
value W R W R TR IR
Riffles  Pools Riffles  Pools Riffles Pools
ZhIFEJE Cinygmina sp. SC 34.1 12 13 9.35 11.46 2.07 13.29
RZEE Rhithrogena sp. SC 27.3(R*) 6 2 7.41 0.35 1.64 0.41
/Nt Subtotal — — 257.16  58.02 57.06 67.28

FE#H Trichoptera
S04 B} Hydropsychidae

SUA IR Hydropsyche sp. CF 97.3(R*") 21 10 95.77 2.65 21.25 3.07
FHAIKFL Glossosomatidae

HAIRIE Glossosoma sp. sc 75.2(R**) 16 3 56.08 0.71 12.45 0.82
TR A7 1P} Limnephilidae SH 4.8 1 0.18 0.20
/I Subtotal — — 151.85 3.54  33.70 4.09
%5 H Plecoptera

LR} Perlidae PR 4.8 1 0.18 0.04

g A AL Nemouridae SH 4.8 1 0.18 0.04

/I Subtotal — — 0.36 0.08

#5 H Coleoptera

J I BL Psephenidae sc 2.4 1 1 0.18 0.18 0.04 0.20
KAV H A Elmidae

BeE Ve H B Stenelmis sp. sc 34.1 10 8 6.70 2.65 1.49 3.07
/I Subtotal — — — 6.88 2.83  1.53 3.27
5 H Odonata

HiMER} Gomphidae PR 9.5 2 0.35 0.08

ARSI Y)1T Mollusca

R 2K Turbellaria PR 40.9 14 14 18.17  11.46  4.03 13.29

JiE /4 Gastropoda
HESZIZAR} Lymnaeidae
Wi 2 MR Radix swinhoei sc 8.5 2 3 6.17 0.71  1.37 0.82
/I Subtotal — — — 24.34  12.17  5.40 14.11
a:FFG JIREFR B Rf Functional feeding group,CF JEE# Collector-filterer, CG Y4 Collector-gatherer, PR i & # Predator, SC & &# Scraper,
SH i &% Shredder; b FFIE(H E F SRR B R0, B E9999; + KR F W (0.01<P<0.05) , * * R/ARZEFM P E (P<0.01); FEFHF
BER IR YrFh i 7 AR 4R R i, PO TR TR

A, HEUUR >30% WP FI LS - R 38 EE Pseudocloeon sp fBEF Iron sp 80 1 Hydropsyche sp .
VU5 &% Baetis sp . 5 & &% Serratella sp . 7 41 & Glossosoma sp . Heterocloeon sp . i H\ Turbellaria , 75 #i] %
Notacanthurus sp 5 FHEF Epeorus sp 2 . ZF Cinygmina sp SR I H Stenelmis sp I KIL Antocha sp ; FIXF £ K
T>5% WIIRI A ARSI SOk (B T Ak RIS R BUBTR >30% MR ELEE - R iR i
Wit Ephemera sp VUTHE JmHL BhiF B KB Hexatoma sp JBIEF S0A K KR FEIL Tanypodinae sp FEZE e 5
JEbF FEBL Camptochironomus sp ;s X2 BE KT >5% I FELEE (R 305 pa-dy e shiy BediE(k2) .

PR 2 A 35 rh Pl BE SR (3R 2) , AT LA B R 2 B A A T e v 1) 2 2 v TR b 8 B L
I FROR ST Al 3 W) RR R RTE R A R T, MRS Z B EOR AR 18 AR AR T P B AN 22 2
e TR TP AR 218, 14 AT v B AR 22 B8 v TR MErh AR X 2 8, PSS AR 58 P S i I O AR G
ZIEM

BNFR TR BMELE SR /R AIAT 11 R (3R 2) o R BRI B/IMKUCA - S0 AU Ml —
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LA Al i A=A T A Epeorus sp 2 B Ji] ¥ | Heterocloeon sp . g A A Iy Y A Isonychia sp & 75 it
Rhithrogena sp, TRIEAIE 48 78R B 8RN0 SE R ISC Aol
2.3 UIREBRE RN

Xof P A 35 rp R B R Sl T RES B 2EREAR XS 22 2 30 £ 4T Kruskal-Wallis Test, 5 R EH] (£ 3) . W2k
A3 A D RE B B SRR 2 22 5 B35 (P<0.01) o PIRAESG R, T 3 M0 20 24 1 28 i T AR
(P<0.05) , i 2 AR 22 B 1 1 IR T HA 2R HE (P<0.05)

PR AE e DI RE SR B AL D AP AR BOR 22 5 (R 3) o Geit oo 3R W PR A B 22 1, Bl 12 & S A HAth
DIRESE R IEREA AT 22 BE 1 25 S 25 (P<0. 01) o e rh I8 £ R 385 Lo 9] 0 35 v T IR, T UAC B 3
RS BERTHE,

®3 RM-REEEPRERESYINEE BB S ECFELRER)

Table 3 Relative abundance of macroinvertebrate functional feeding groups in riffles vs. pools ( mean+SD)

G A7 ANOVA Kruskal-Wallis Test
ziiﬁfﬂﬁiwmg aroup ERPE Riffles URIRE Pools F P H P
IEEF Collector-filterer 23.50+15.98¢ 3.14+4.73 a 24.755 <0.001
ke Collector-gatherer 6.70+4.73b 34.59+17.12b ¢ 28. 850 <0.001
& # Predator 7.92+11.15b  21.88+14.21b 12.556 <0.001
B Scraper 61.84+17.86d  40.23+20.44c 13.319 <0.001
i &% Shredder 0.03+0. 16a 0.16+0.73 a 0.582 0.450

[Fl—F i AR TR R 2RI 5% RE K

2.4 WE AYE S5 EE

PSR B 2 [ i KRB sh ) () 5% B AR i S A 2R E B S T 5T A 45 R R (R 4) 548
PRIAFTEN i 35 1 22 5 (P<0. 01) o VR MEA 5 b KAV S W B % 19 %5 B B )i F & J 45 %0 Shannon-
Wiener $8Z0HIEHEAY Shannon-Wiener 8800 2 & TIRE . IRE A IE 1Y Pielou $15) BEFE %L Sinpson L #E T8
B TR MRS X AT R 5 IR AR T A R 2 BRI G

R4 RE-REBEEDREREDWENE FESWH S EEER P EARER)

Table 4 Biomass, density and biodiversity index for benthic macroinvertebrate in riffles vs. pools ( mean+SE)

. - N ANOVA Kruskal-Wallis Test
FEH0 Index VR Riffles TR Pools
F P H P
W Density (4/m?) 450.62+65.86  86.24=11.13 27.927 <0.001
A1 Biomass (g/m?) 2.88=0. 80 0.55+0.11 8.229 0.007
+ 5 5 HL Richness 7.67+0.46 3.90+0.25 25.935 <0.001
S o
Shannon-Wiener ,*E‘ﬁ( 1.5420. 04 1.1220.07 27.285 <0.001
Shannon-Wiener index
Pielou #9515 %
ielou Hy I B3 0.790.01 0.83+0.04 8. 174 0.004
Pielou index
e
Sinpson S35 EHH 0.29+0.01 0.40+0.03 9.549 0.002
Sinpson index
HERY Shannon-Wiener 75 %
B Shannon-Wiener #41 5.40+0.31 2.27+0.20 70.206 <0. 001

Improved Shannon-Wiener index

2.5 DCA 53+¥r

HEFF S AEAS S e — 5 I PRI | 38 i PRIE I 1 SR B A AR OG0, T LA H 5 177 il e 25 A DG A 36
B SRR A3 A SR 22 A OC R Y PR 2 S MR TR S AR B R B S i DCA 4k
PP, b DL, P B R Sh A T2 o0 A A T B8 A I i R P ) R Sh ke T2 2o A e IR i Ze ], —
HZIEA YR ZES . Bl 22 A AR b W T A SR K g 2R R JER B A A 5 ) RS A 1 A
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Fig.2 Detrended correspondence analysis ordination of 21 riffles and 21 pools based on 33 macroinvertebrate taxa

3 g
3.1 BERAR S YIRes e 2Rt

TR AT B R R st 3 PR K A R HRRA G, P MR TR PR X S B R T 85% LA I, 5 [ 4 I AR R Tl
T R Bl L R 2 S B A A B T s ISR A MR I XS R LR 2 Bk
Jid (U SRR ) sl /INECIR (U R R ) | 3 IR ME R K A BE L IR H R e e B AR I A B R R
17 Fg e H B H oAy 8 FlOA R MEAE B A48 /- Al 7 Fife T v i s AT ORI 288 B 0 e TR, R S R TR 1Y
SRR A R AL, B VD s R IR R R A e H R AU R A BE R ME— R R, AT B H R AR
FAZ A3 P, FHTE A LRSS AERE A S 1 R EGEED BUa B B L e K
A A R TR Ry B 5 5 A RSP0 R W A ) IR RS TR R IR A R R R A HLIBORE R A B K R
(R 1) AV R Rk B2 G 0T UL /N A2 P T 8052 M, 2 88 0 AT 7 e Y A 458 19 JiC o 3R
T PR A RN SO R PR R B A AR B e M (Monte Carlo K25, P<0.01) , kA B9 /R
Flr, UM H R ARG RE PRI R A 22 5, W SIS V3 M v %) 2 88 R BRI e v, PROR B K 2
P ISCOR P W07 R VR P 230 8 R R BB e o, TR 2R AR B rp ) E s A IR B 25 5 10 HOXH IR AR
TR B L B S ) 6, R IS A 05 vl 1 28 R HE BIUIRR 25 SRR

H SO TR P, BT ORRR A ek | TINS5 [ 3R A W A AT 2 1) 40 o R et R R T A AV
WA N AR Y AR 4 QAR SRR 15 m DAL RO CHR A BN E
LM R YT B 118 3 K R R VR AR 5 e 3 LA 38 Sy de v, T IO AR A V% I R B 3 LG8 R BRI, 0 I U6
B 0 B Ry R R (BT A O R B ) B IR Ay, I B A M A BT B R
Xof JE) DA S = B R R, IR IS A B P e e B AR B LR E T B E . WEA A EE B IEAMZE
B ZERAK(S A/m® Z247) AR I FURE T SR B A RRAS , PR SO & R 8 LR R
3.2 FEMZEM2ZERWREHE

Henry Fll Mackay XJ 754 == 15 Jit b 3 25900 3 A9 1 A 22 B L v MERNTTR T rb R BB IAR 3l () A gk 533 ok 22 ol
123 il 1 o R TR JESAT 300 F) A4 0 s i T RV, S R TIRTEL ) Richard 7€ Otter 0] 3 A T
TR H 4> BISRAE 2 69 FhFN 70 Fh R ARSI , 1 AL 2 4 1 25 B2 A URTRLIY 6. 8 £i5°°) . Armitage
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ZE X Tees A 1 I8 5 3% B, 2 Wk v SR AR AV 3y 4 6 0 o 5OR 22 8 4 8 T IR TR Kobayashi Fl Kagaya 1
Kudonosawa AT AR 1A HLIE B o2 R AR 2 20 ORI S, o 5 Bl RYR A Sl 1) 8 22 57 A S
5,10 Fh ORGS0 75 1 M e 1 2 B 3 TR VRN S IR P R RIS Sl 1 2 BE LR 2 1.5,
74 [ SERIF T AT - LUK (R ) 7K A= B s A PR R B 2 TRROK X (IR, — BEAE 2 A5 DL RS AR
FEAR WAL M A 53 R R RAT S ey ) S AR R B AR R Shannon-Wiener $5 %8 #02E
1) Shannon-Wiener 45 B0 Wt e TR . ARV _LORAITFE B S TR 241 Db A i) R B4 L RT3 0 i A 45
RIS, PRI AT DL A JSCTRT PR L i TR |, - TR o DR TR RS S 0 A v 4 F) 22 5 L 5 e rp R 7Y
JEEREh 3 BE | 2Rk — e T IR

] I ) 7K ST BR A R A 353 14 A 38 45 A 2 52 ) 7K A A R 9 i o () PR S PR DT3RO L g g R
A8 KR KIS KRR TR v 0 B I TR e AR i K B B 2800 (3R 1) o IR T W) — F AR AT
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L1 3t A7 ) MR IRTRELAT AN [ B B 25 DKV RHE AN op A A LA, VM A9 /K T LUK A i, /s
B £7 LD 75 5 = o, PR TR It AR | [B8£ 2508 2 JiR o B FLBRBE R, AR S T P v o [) e fe m JEe o A
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AR TORELORE RS ST PR 22 K AT JRE K TR, Y0 AR A T A R X 7 T L i 32 i) , ¥ 5 %8 K T 1 L
3 2 UE ) IR TN IRV ST e Rl 7 VR )| S NI T s W R RN Z N S WA O 2 EURLO e
S AL S S RIZL, Cobb 45 % B KA 2l mT ARG 1] PR 7K AR B 2 B AR 949 47 Tii 52 kK 3R BT
YIS (A S P RETS (W S AN 2 DIARAC B 1] AT UL R T AR ZS R D RFIE A i R AR LR i 22
S, LA ) Y L R LA B i 1 A B AR RS T R S B, DR T e e v DR A 2l 40 8 RN 2 R —
e TR

References:

[ 1] East China Institute of Water Resources, Chongqing Jiaotong University. Waterway Regulation. Beijing: China Communications Press, 1980
13-13.

[2] Lin CK. Sediment and Fluvial Geomorphology. Nanjing:Nanjing University Press, 1992,:212-212.

[ 3] Bisson P A, Montgomery D R, Buffington ] M. Valley segments, stream reaches, and channel units // Hauer F R, Lamberti G A, eds. Methods
in Stream Ecology. 2nd ed. Oxford;Academic Press, 2007 :24-24.

[4] Yang CT. Formation of riffles and pools. Water Resource Research, 1971, 7(6) :1567-1574.

[ 5] Lofthouse C, Robert A. Riffle-pool sequences and meander morphology. Geomorphology, 2008, 99(1/4) ;214-223.

[6] Wohl EE, Vincent K R, Merrits D J. Pool and riffle characteristics in relation to channel gradient. Geomorphology, 1993, 6(2) :99-110.

[ 7] Caring P A, Orr G H. Morphology of riffle-pool sequences in the River Severn, England. Earth Surface Processes and Landforms, 2000, 25(4) .

369-384.

[ 8] Wallace J] B, Webster ] R. The role of macroinvertebrates in stream ecosystem function. Annual Review of Entomology, 1996, 4(1) :115-139.

[ 9] Vannote R L, Minshall G W, Cummins K W, Sedell J R, Cushing C E. The river continuum concept. Canadian Journal of Fisheries and Aquatic
Sciences, 1980, 37(1) :130-137.

[10] Ward J V. Riverine landscapes; biodiversity patterns, disturbance regimes, and aquatic conservation. Biological Conservation, 1998, 83(3) .
269-278.

[11] Jowett I G. A method for objectively identifying pool, run, and riffle habitats from physical measurements. New Zealand Journal of Marine and

http ; //www. ecologica. cn



21 TER A L TR P TR A 5 KR AT S R v LT

VLEE DI AT Ry 491 6735

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]
[34]

[35]

[36]

[37]

[38]

Freshwater Research, 1993, 27(2) :241-248.

Bonada N, Rieradevall M, Prat N, Resh V H. Benthic macroinvertebrate assemblages and macrohabitat connectivity in Mediterranean-climate
streams of northern California. Journal of the North American Benthological Society, 2006, 25(1) :32-43.

Brown K M. Resource overlap and competition in pond snails;an experimental analysis. Ecology, 1982, 63(2) :412-422.

Carter J L, Fend S V. Inter-annual changes in the benthic community structure of riffles and pools in reaches of contrasting gradient.
Hydrobiologia, 2001, 459(1/3) .187-200.

Scullion J, Parish C A, Morgan N, Edwards R W. Comparison of benthic macroinvertebrate fauna and substratum composition in riffles and pools in
the impounded River Elan and the unregulated River Wye, mid-Wales. Freshwater Biology, 1982, 12(6) :579-595.

McCulloch D L. Benthic macroinvertebrate distributions in the riffle-pool communities of two east Texas streams. Hydrobiologia, 1986, 135(1/2) .
61-70.

Boulton A J, Lake P S. The ecology of two intermittent streams in Victoria, Australia. II. Comparisons of faunal composition between habitats,
rivers and years. Freshwater Biology, 1992, 27(1) :99-121.

LiJ G, Wang Q C, Yan S C, Yao Q, Qiao S L, Li Y D, Han Z X. Community characteristics of aquatic insects and bioassessment for water
quality in lower order streams in Liangshui and Maoershan watersheds, Heilongjiang, China. Acta Ecologica Sinica, 2007, 27(12) :5008-5018.
Strahler A N. Quantitative analysis of watershed geomorphology. Transactions of American Geophysical Union, 1957, 38(6) :913-920.

Jiang W X, Cai Q H, Tang T, Qu X D. The functional feeding group ecology of macroinvertebrate in Xiangxi River system. Acta Ecologica Sinica,
2009, 29(10) :5207-5218.

Resh V H. Sampling variability and life history features: basic considerations in the design of aquatic insect studies. Journal of the Fisheries
Research Board of Canada, 1979, 36(3) :290-311.

Duan X H, Wang Z Y, Cheng D S. Benthic macroinvertebrates communities and biodiversity in various stream substrata. Acta Ecologica Sinica,
2007, 24(4) :1664-1672.

Cummins K W. An evaluation of some techniques for the collection and analysis of benthic samples with special emphasis on lotic waters. American
Midland Naturalist, 1962, 67(2) :477-504.

Duan X H. Ecological Impacts of Water and Sediment Transportation on Macroinvertebrate Community in Rivers [ D ]. Beijing: Tsinghua
University,, 2009.

Barbour M T, Gerritsen J, Snyder B D, Stribling J B. Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers; Periphyton, Benthic
Macroinvertebrates,, and Fish. 2nd ed. Washington ; Environmental Protection Agency, 1999 : B5-B50.

Wang S B. A question on the traditional biodiversity index. Journal of Fudan University : Natural Science, 2003, 42(6) :867-868, 874-874.
OuYD, SuZY, Xie DD, Ke X D, Li Z K. Dynamics of dominant tree seedlings in montane evergreen broadleaved forest following a snow
disaster in North Guangdong. Acta Ecologica Sinica, 2011, 31(10) :2708-2715.

Suriguga, Zhang J T, Zhang B, Cheng J J, Tian S G, Zhang Q D, Liu S J. Numerical classification and ordination of forest communities in the
Songshan National Nature Reserve. Acta Ecologica Sinica, 2010, 30(10) :2621-2629.

Jiang W X, Cai Q H, Tang T, Wu N C, Fu X C, Li F Q, Liu R Q. Spatial distribution of macroinvertebrates in Xiangxi River. Chinese Journal of
Applied Ecology, 2008, 19(11) :2443-2448.

Zhou C F. A Taxonomic Study on Mayflies from Mainland China [ D]. Tianjin:Nankai University, 2002.

Tian L X, Yang L F', Li Y W. Economic Entomology of China-Trichoptera( 1) : Hydroptilidae, Stenopsychidae, Hydropsychidae, Leptocerdae.
Beijing: Science Press, 1996:20-20.

Stevenson R J. The stimulation and drag of current // Stevenson R J, Bothwell M L, Lowe R L, eds. Algal Ecology-Freshwater Benthic
Ecosystems. San Diego: Academic Press, 1996:321-340.

Mclntire C D. Structural characteristics of benthic algal communities in laboratory streams. Ecology, 1968, 49(3) .520-537.

Yan L, Zhao Y, Han C X, Tong X L. Litter decomposition and associated macro-invertebrate functional feeding groups in a third-order stream of
northern Guangdong. Chinese Journal of Applied Ecology, 2007, 18(11) :2573-2579.

Egglishaw H J, Mackay D W. A survey of the bottom fauna of streams in the Scottish Highlands part Il seasonal changes in the fauna of three
streams. Hydrobiologia, 1967, 30(3/4) :305-334.

Harrel R C. Benthic macroinvertebrates of the Otter Creek drainage basin, Northcentral, Oklahoma. The Southwestern Naturalist, 1969, 14(2) .
231-248.

Armitage P D, MacHale A M, Crisp D C. A survey of stream invertebrates in the Cow Green basin ( Upper Teesdale) before inundation.
Freshwater Biology, 1974, 4(4) :369-398.

Kobayashi S, Kagaya T. Differences in litter characteristics and macroinvertebrate assemblages between litter patches in pools and riffles in a

http ; //www. ecologica. cn



6736 A E = 324

headwater stream. Limnology, 2002, 3(1) ;37-42.

[39] Brussock P, Brown A V. Riffle-pool geomorphology disrupts longitudinal patterns of stream benthos. Hydrobiologia, 1991, 220(2) ;:109-117.

[40] Wuhan University of Hydrulic and Electroc Engineering. Engineering River Sediment. Beijing; Hydraulic and Power Press, 1980 :55-60.

[41] Lake P S, Doeg T J, Marchant R. Effects of multiple disturbance on macroinvertebrate communities in the Acheron River, Victoria. Australian
Journal of Ecology, 1989, 14(4) :507-514.

[42] Beisel J N, Usseglio-Polatera P, Thomas S, Moreteau J C. Stream community structure in relation to spatial variation :the influence of mesohabitat
characteristics. Hydrobiologia, 1998, 389(1/3) :73-88.

[43] Brown A V, Brussock P P. Comparisons of benthic invertebrates between riffles and pools. Hydrobiologia, 1991, 220(2) :99-108.

[44] Cobb D G, Galloway T D, Flannagan J F. Effects of discharge and substrate stability on density and species composition of stream insects.
Canadian Journal of Fisheries and Aquatic Sciences, 1992, 49(9) :1788-1795.

[45] Hoopes R L. Flooding, as the result of Hurricane Agnes, and its effect on a macrobenthic community in an infertile headwater stream in central
Pennsylvania. Limnology and Oceanography, 1974, 19(5) :853-857.

SE Ak

[ 1] AAOKRIERE, HPRACHEERE. AUERIG. Ut ARSSGE B, 1980.13-13.

(2] Mogdp. P SR mEa.mE st K i, 1992:212-212.

(18] ZE&[, PR, MEF, W35, Sofise, SRR, HAEAT. BUK IRJLIARGEZE R ok A B O iE T Rl SOk B AR v, A 3823,
2007, 27(12) :5008-5018.

[20] ¥§TJTHE, SRIRAE, FEVE, RIRAR. &HEWKR KA YD se B BRI AR S, AR, 2009, 29(10) :5207-5218.

[22] Besde, FIRED, FARTE. HLANARIC B4R PR S i i e 2 Rk, AEZS2A40, 2007, 24(4) :1664-1672.

[24]  BezEde. WHKDXHRM S A B mpisy [D]. Jbat 5K, 2009.

[26] FEHLE WMESAYZREMEIREO TR, & B2 . FRBIERR, 2003, 42(6) :867-868, 874-874.

[27] XA, JRa558, fEPHPE, RIORA, 28Rt 35905 AL R S iE MRS AP L s TR B S, A28 24I, 2011, 31(10) :2708-2715.

(28] JRHME, ke, o, FRAE(E, BT, sRECE, XIRE. ML ARG KRR % 80 2 BRI, 425540, 2010, 30(10) .
2621-2629.

[29] EJTHE, SRPAE, RV, ST, MM, ZERGE, XUEGRK. IR R B JCE M S W & ) A A, N AR AR AR, 2008, 19(11)
2443-2448.

[30] JEE. hEKREREEH 32058 [D]. KHE AR, 2002.

[31] MSLH, By, 2630 PRZFRAGESE I+ IU-B- A (—) MR A AR SO0 R A AR Jbat B,
1996 :20-20.

[34] B¥, XA, WHRAE, BB, BALHL IR R T i B R B S D e . R A, 2007, 18(11) 12573-2579.

[40]  BPUKFIH I 2ERE. W e TR, JUa KA e g e, 1980:55-60.

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

	stxb201109161357.pdf
	02.pdf
	y21ml-2.pdf
	21fd.pdf


