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Abstract: Woody debris, an essential component in headwater streams in the forest, plays an important linkage role in
material cycling and the flow of energy between the ecosystems of the land and water. As the decomposition proceeds,
carbon, nitrogen, phosphorus, and other elements in the woody debris are gradually released into the streams. These
released elements, especially nitrogen and phosphorus, are not only an important contribution into the forest ecosystems but
also affect the water environment of the forest streams and the downstream ecosystems. However, little information has been
available on the storage of carbon, nitrogen, and phosphorus in woody debris in the forest streams. Therefore, for this study
in August, 2013, we selected 12 headwater streams, in the upper reaches of the Mingjiang River, located in an alpine
primary forest in western Sichuan. In each stream, we investigated the carbon, nitrogen, and phosphorus storage of the
woody debris, as well as their distribution patterns, pertaining to the diameters and the decay classes, from the head to the
end, in the woody debris. The Akaike information criterion, corrected for sample size (AIC,) , was used for the selection of

the optimum linear fit model to evaluate the total carbon, nitrogen, and phosphorus storage of woody debris in the headwater
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streams of the area of investigation. The results showed that the carbon, nitrogen, and phosphorus storages of woody debris
per unit area of streams were 312.1 g/m*, 809.5 mg/m’, and 110.9 mg/m’, respectively, in these alpine forest headwater
streams. Large variations were observed among the headwater streams pertaining to the carbon, nitrogen, and phosphorus
storage of the woody debris. Moreover, both the woody debris diameter and the decay class could affect the storage of the
carbon, nitrogen, and phosphorus. Woody debris at diameters of 1—2.5 ¢m and 2.5—5 ¢m contributed significantly more
carbon (86.71%) , nitrogen (87.20% ), and phosphorus (84.55%) storage to the total storage, compared with those at
other diameters. Woody debris at a diameter of >10 c¢m contributed the least and accounted for only 1.17%, 0.94% , and
1.56% of the total carbon, nitrogen, and phosphorus storage, respectively. In contrast, the woody debris of decay class V
showed the highest contribution to carbon, nitrogen, and phosphorus storage ; which were 65.86% , 67.86% , and 60.31%,
respectively, of the total carbon, nitrogen and phosphorus storage. However, the woody debris of decay classes I and Il
accounted for only 8.14% , 8.70% , and 8.94% of the total carbon, nitrogen, and phosphorus storage, respectively. There
were insignificant correlations between the storages of carbon, nitrogen, and phosphorus (storage per unit stream area) of
the woody debris and the characteristics ( length, width, depth, area, velocity, and discharge) of streams. The results
obtained here could provide the basic data and sufficient scientific evidence to understand the carbon, nitrogen, and

phosphorus contribution potential of woody debris in headwater streams in alpine forest ecosystems.
Key Words: alpine forest; streams; woody debris; carbon storage; nitrogen storage; phosphorus storage
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(Abies faxoniana) ,2IHE( Betula albosinensis) ,FRIRZ) 120 4F ; bR T HEA FEA B EMI ( Salix paraplesia) | = L1 FE
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Table 1 The basic characteristics of streams in the sampled alpine forest

% KE /m TIFY m? FEIE/m TRIEE/cm #/ (m/s) Wi/ (em/s) 45/ m
Number Length Area Width Depth Velocity Discharge Altitude

27.6 11.49 0.77+0.35 3.80+1.20 0.19 82.15 3607
B 11.3 6.32 0.56+0.62 2.15+0.21 0.05 211.54 3607
C 36.0 24.00 0.63+0.25 14.88+2.59 0.11 6630.55 3607
D 18.0 19.62 1.09+0.55 4.25+1.06 0.32 4743.80 3620
E 255.6 221.48 0.83+0.26 8.88+5.09 0.49 13480.46 3634
F 108.0 92.52 0.89+0.39 9.57+8.29 0.15 66.21 3634
G 186.0 123.00 0.68+0.18 6.62+3.10 0.38 7064.98 3621
H 92.4 83.46 0.92+0.29 4.33+1.21 0.14 1775.51 2620
I 13.2 5.15 0.39+0.08 4.25+0.35 0.06 69.31 3625
J 66.0 33.90 0.50+0.05 6.25+2.06 0.48 20287.85 3658
K 68.4 40.56 0.63+0.38 4.20+0.45 0.32 3476.27 3667
L 16.8 5.21 0.33+0.17 4.00+2.16 0.07 56.05 3667
M 146.4 71.37 0.49+0.31 2.80+0.15 0.89 4360.67 3613
N 15.4 6.14 0.40+0.10 2.00+0.40 0.13 101.54 3679
(0] 84.0 37.80 0.45+0.21 12.75+3.89 0.44 15902.08 3692
p 174.0 191.40 1.10+0.26 6.67+0.58 0.62 15978.04 3685
Q 333.6 358.62 1.08+0.53 10.50+0.71 0.61 42526.96 3677
R 288.0 162.72 0.50+0.05 5.50+0.5 0.52 15716.30 3663

T L FIGR BB R bR, n=3
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PAT B HZE Ty R AR AR
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AT B I FR AL S AT (R A IR f R il B S0 % A 65 °C MRS ik T 4 d O FR AR, THRRE
st P K TSR A T SRR AN 2H 0 B 25 IR il by e O Atk SR R TR B A I AR I E (LY /T
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1237—1999) s £ S ZFBEFR IR FH ik H,S0,-H, 0, T4 & 1514 (NY/T 2017—2011) , 2R H 2B UL
PE (LY /T 1228—1999) , ek FAH BT L (A 75 (LY/T 1232—1999) *ﬁﬁﬁ%ﬁ%zﬂﬁa@i%giu
HHIN G S A B HOT R
1.3 B 55430
& ] Microsoft Excel 2013 F1 SPSS 20.0 #4-x} A £t A7 A B SE 117047 , i Origin Pro 9.0 #1743
X IRAE K X AFER (5 BB AT ArcGIS 10.0 FRAAXTHEM A XU DX b [ R4 T A 35 1 3145
HEFEHENERBIEE S, 1T Spearman #15¢ R BOEAN A BRI TT R A7 5 5 R MURFIE 2 8] (14 4 5
KR, BEKFEE R P<0.05, FIFHLYERIA AT EIE B R 12 53R i AR R FR AR | ZURIBE B A7 i
SRR R TR A ORI ST LA O R TR T REAR B AR, ”U*L%TE/J\#Z:&E
B R A5 B ( Corrected Akaike information criterion, AIC,) , &8 3 LR FIH T RE , DUTREHE A 6
HSE AP A R I AR TR A T ZR B, I 8% X R IR T A o % R 4% 70 25 A B0 Y 37 T AR E
H L AIC AR N

AIC, =1 RSS n+k
=ln—— _
n n -k-2 F2 BURKRERRE (12 ) KREENGR, BNRCE
FH . RSS (Residual sum of squares ) MERZESEJ7 M, n fy Table 2 The carbon, nitrogen and phosphorus storage of woody
X)ﬂl gﬁ k ﬂ\] %f&ﬂ/ﬂ ﬁ% debris in 12 alpine forest streams
’ - P74 Storage
2 gg%ﬁ*ﬁ Stre:il:ls fifk Carbon/ A& Nitrogen/ % Phosphorus/
(/m?) (mg/m?) (mg/m?)
2.1 &L BRI A ST AR BRI A0 FiD A 328.4£18.1 653.7+33.9 182.321.65
HALRPERA G IR R R R e R B el A L
s ~ - . C 1428+ 11.4 4122+12.6 913.7£10.1
??ﬁjy;Yl —f).?llx]/+0.(f9,R _Oj?l ’P<0'901 ’ (ﬁjj D 149.2+7.02 316.5:1.78 117.71.09
TEBETAAI A B 5 312.1 ¢/m®, BRIV EAES ¢ 112.6+3.91 281.40.96 43.71+3.04
Ygiﬁzrﬂﬁﬁj:é/\]ﬂ{m , HARAEYE R 9.60—1428 g/ G 372.32.57 969.7+0.96 57.59+3.09
m?( 32 2) , KGR A& TR f A G P B Bl 0.406— 1 371.4£13.9 875.0+3.96 62.42+2.41
0.567 (35 3) A ML &R B2 (P>0.05) IZ R4 I 52.84+3.86 191.9+0.84 6.857+0.06
J 134.9+3.43 264.5+0.88 43.15+0.85

ﬁE{BXTﬁ;}%J‘H ﬁ /TE*IJLE E; ﬂ['] )M(M@é{ﬁ*ﬁ% 100.3+2.91 272.2+0.80 9.054+1.32
ﬁﬂiﬁﬁlﬁ PIAEZE 1—5 em RS IAEZ (271.1 ¢/ 9.604+0.24 32.08£0.23 5.065+0.15
m?) , 5 EIHRY 86.71% ; A2 4K 10 cm ULE’WKF% 4 TC R BR } P £ bR 2 n=3.
FRARIM LD A 1.17% (& 1) . KRBRERAARRIE
VIE g st 2 4 S 65. 86%,,&43&%& 1—2.5 em F1 2.5—5 em MIARTTERIR VL2 i 43
A i B 32.529% F11 29.83% s AR 5—10 em BYARBTERARMIEIE G T >IVS Vs 5220510 em BT
BRARE D BAE s ILARAMRE R D, Z A0 T W2 T R g0 1A I B9 AR B st iR 3 | S i 1 8.14% (&
D)o
2.2 I ARAMRIR AR AR A AU T

W EEHILA S B A SRR IE AR R RN .Y, =0.808x,+0.142, R* =0.750, P<0.001; («,
SRR | I AR 5 i L AR A T AR A RUC R AR IR T SR TH AR A ST R 809.5 mg/m?, AR AR
FTRAR ARG R 32.08—4122 mg/m* (8 2) o MHOCHEST BT R I, BRI LASE , BN 5 5 8 0 4% TURRAIE (19 41
RABGEHN 0.406—0.539, X R AW (3R 3) . ARBUERAEEIN T S AHR , DL 1—5 em BB AT
%, 4 706.4 mg/m”, 3 87.20% ; 4% 10 em LU_ LA FRERIA il D , 1Xd7 0.94% (1), AFFE AR
I A VISR Bl % o5 MR 1Y 67.86% ;424% 1—2.5 em 5 2.5—5 em (AR FEFRAK LU RV A1V 43
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2.3 A I ARARIR A BT AR A BRI 4 i

AN LG A5 BB S B TR R R R OC &
FFEHRY,=0.105x,+0.488 ,R*=0.494,P=0.011; (x, H
BT AR I AT B L AR AR R AR BT AR IR T &=

*3 BURWERARZER, R BEOES5ZRHINEXRY
Table 3 The correlation analysis between the carbon, nitrogen and
phosphorus storage of woody debris and the characteristics of

streams in alpine forest

TEE TSN A B 110.9 mg/m® A FERA  RILRE . JE— I it
SRR Y L 5.065—913.7 mg/m>( 3 2). HI% Ch;":;:i:” Carbon storage  Nitrogenstorage Phs‘z?:g‘:“
PRSI R BRI SR IR B A C R A 0.501 38 KJE Length 0.552 0.455 0.133
B EERE OG5 BRI i 5 AR FURAIE AR OC R BGIE Rl T Depth 0.530 0.539 0.501
ﬂ\j 0.098—0.274,{1%[5%1‘E3‘§( %% 3) N 5@%%1]%'}1:’%% Fi B Width 0.567 0.427 0.196
e T Area 0.559 0.517 0.217
FARLL, A TSR AT R L) 1—5 em QRSN RE Velocity 0406 i 0,008
%, 0 96.32 mg/m® ki 84.55% ;2% 10 em LERT wop piharse 0516 0.406 0274

UILEE
B

ARJFFRARBEN o0 Bl e /D A 1.56% (K1), VIR P<0.05, ** P<0.01; n = 12.
WA TR AR A I 22, 3215 60.31% , Hirh 1—2.5 em 1 2.5—5 em AR FRFRAAR V RS54 )
SV 1Y 36.02% F11 20.94% ; 11 5 T 2 G AR s AR BRI B4 Bl 0, 360 8.94% (& 1)
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Fig.1 Carbon, nitrogen and phosphorus storage distribution of different diameter and decay of woody debris in alpine forest river streams
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AT A A5 R, v L0 AR R AR B AR B O 312.1 g/m? BRI Fe o TGS B 1428 o/m? RAE
IR BUER AR BB B AR B0 (R DR T A A 5 B B RAR PR TR, IRl I 7EAR KRR B A2 3R B3k
PRIE S L AR AR AT ] AR B B U S DR 3R AR B2 WL DRI T BEAER T LA 32 S AR X B R B X
4N Chen %5 FE N8 KASHI B 8148 V45 ( British Columbia ) B # Okanagan Jit3UAS 32 9 ) JEL A6 T 12 MR 3
PIA SR A ([UR A Ak 4 ) AT 2RI, 5k Beckman'™* 25 76 22 B B2 47 22 36 31 224 i U 46 AR AR TR 3K 12
T AR SR AR - K BN (3R 4) o SV A, RS B AIF ST SR B, 12 DX S I 7 A R TR 764 mg/
m? 2 AT AR TSR A U ) SR TR AR A 432 W XA ST AR A LA R b R 0 5 A 1 R T R
W ERHETE ) R B P Y AR, A % X I AUAE A 5 O 495 mg/m® P IR T XOR AR A4
TEZR i H B AL T AR Y5 (809.5 mg/m®) BT TCIZ X WRAE KK B ORITFY o PRI , 2 DX BTk MR T REAIL /2 A%
MRAE S R GE AT 1 U i D R AT E B A e LD BRI TR AR S ke MR AR I i ) I 2 2 DA/ INR A 85
JERER AR BT S 22 R BT R I A 70 E S Rk I B AR B, ARAMRIR IRAL AL B A0 T Rk 3, SR A
PSS DR IAL S BE B0, ] RE S D) F 2 AR NI AR JBOBRAR , HA AR S i I 5 /MR R AR — B A 3¢
KIGFRMA G RBLL AR T HAMR ™ R A T3 B ROIRES

F4 TEAMREXHAIZRARRZERBMBELE (g/m?)
Table 4 Published estimates of carbon, nitrogen and phosphorus storage in forest land and streams in other study area compared to instream

carbon, nitrogen and phosphorus storage of woody debris estimated in this study (g/m?)

Hh A ey 173 A W K /m GERLK IR
Sites Types Carbon Nitrogen Phosphorus Altitude Reference
By Z2 EURSFAR (M CWD) 799.2 2.926 0.214 2410 f21]
[P Rk A JEIRRRZAR (BRdE CWD) 4708 18.83 3.599 3800 [22]
BB 2 T Lk JEARVRRZHR (Ml CWD) 9.22 0.489 [23]
EEBB R Z JEIREE AR (IR Jams) 5400 2400—3200 [24]
JE K Okanagan Jidsk B bR/ INFERAAR (BT LWD) 1700 1300—1600 (3]
ABEFEIX JEARIEEE AR (IR WD) 312.1 0.8095 0.1109 3600

FEHYIFRIK, WD: Woody debris; FIAFFEM, CWD: Coarse woody debris; KAEFEMA, LWD: Large woody debris; 34 ZE4), Jams: Jams contain

about wood and sediment.

KRB TT RN R AR S 0] RS E AR RO A S S | 3 AL S P AR BLAE AN R AR X SR L 0] (£ 4)
BVt A ) — RUBE AR L ), HOTR I i 22 SR T RERCR . AR TR T, AR B AR | SR C R AR A5 R I
(I st R 2 A BT 1%, 5 Chen 555 IRIFSE — B0, X SRR T I P IO AR ST R IR 1 5 BRAF A AR OG,
A A B BRAAAE 0 1 ) 3 LA 2 Rikhari 7 WAESE T30 — o AN, R BSR4 50 76 53 i 1 AR 1P 35 4
TR, FBOLFR IR BEAF AR R 22 528 00 nT AR e A2 BN T Ay vy Ao 207 38 T A FE S5 1) 5
FHSCAE I3 M 2 W, i MV I o 5 4R W 4 B8 L B BE L R BBE T B A D A AR S R AN B (P>
0.05) , {ELRRAN G~ -5 88 0 A% TS A e A 1K 3] o EE A O, T 132 I8 % P2t BE P B8 52 i A Os 3R A R I D
X AT B R T RIRTE XA B SR SEIR | 22 T 07 R R DA 3L T SR DR R 25 AR K T | LA Stk
Bt TARAT | AT SR A BB R [0 AL (A i A B AR R i A2 DR SNSRI T e A K R
BERHIE SR K A A WIS I B I P ) T B WA AR BB AR A K ER AR P 2 i, DT 5 BOR AR AR A
Sy (eGP 5] T i 18 A R N HEAR R R R R R ORI Y BRI A —E TR S R
B SO R A AR A E TR K AR SRR, TS5 ) A B ke MR B /A i A 80 T Ui sl il v, AT e R K Ak
0P NDEeG 4z k17 Ly | IVAR S N0z ST U RURL RS STaR QR N 7 SV SN 1 N (BN £ B NDEE 5 A N
A IR I A Z BRI, A2 AR 22, HL 2 Tk , DR ke ORI i D F AR )
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1 T ARG ARAE L 3 (8 /K BRI A7 ft IR A AN W A2 A, ELAR S5 i M e J26 s B I 1) G S92 e 2 AR ot B
SR PR TSR VAL AR JBU B PRk P T Rl L e A B A 2 b e M98 J2 0 P S A T R 5 3 A, A B ik MR M Lk
AR R, FLRE A A VR I A VR R PN 7R 4 i R TR AR 258 221 B P e i A0 R K TR R
P B B P i RN AR AR, (5 R o 48 B U v S AR PR R R R S R B3R 3, R mr L
BB RGERFR R M R S R SR EE R A AR,

G /MBI TR AA I3 i AR BRAR G AP, L BT ARAHA B A (EAHBE T 7 it S5 AR gk 4
AR JBUER VA T RESE o Y v A SRS | T 3 T PR B 7 P IR DR G B DRI, AR B B AR A SR U 11
FARIRZS AR S T REXS BRARAE 25 R G049 /K A A5 R Gk B F7 A ER A 52 e ik g K IR A BIAIT ST

4 #ig

RT3 s L BRI A R A AT AR OR B B R MIE G R I, HL 32 2 L/ O i 2 ) R
JRARAA S T 5 R AR AN [ R BE A R Wi 3 AR R A R G 3R I (9 7 I, b T R M AR AR A8 R G K R
BRGNS IF o HIEER . A AR RT3k BOAR SCHIL ] B D IR A 155 Tt — IR ABEST  (EX e 45
RAMLRE N HE— 2 T IR ARMAE S RG-S K A A R GE 2 6] I R 4 BERER Bcdls , o B MRV 30 g LL ARbk ) 2=
R PR B 55 1) A PR (T 4 RE B R R AR A0

B0 AE SRS U AR R A MO 5 B | U S AT N RRTE Y AR R AT 5 % I P AR Y
ﬁjsﬂjjo

52 3L HR ( References)

[ 1] Burrows R M, Magierowski R H, Fellman J B, Barmuta . A. Woody debris input and function in old-growth and clear-felled headwater streams.
Forest Ecology and Management, 2012, 286 73-80.

[ 2] Bataineh M M, Daniels L. D. An objective classification of largewood in streams. Forest Ecology and Management, 2014, 313 1-9.

[ 3] Chen XY, Wei X H, Scherer R. Influence of wildfire and harvest on biomass, carbon pool, and decomposition of large woody debris in forested
streams of southern interior British Columbia. Forest Ecology and Management, 2005, 208(1/3) . 101-114.

[ 4] Richardson J S, Danehy R J. A synthesis of the ecology of headwater streams and their riparian zones in temperate forests. Forest Science, 2007, 53
(2): 131-147.

[ 5] Chen XY, Wei X H, Scherer R, Luider C, Darlington W. A watershed scale assessment of in-stream large woody debris patterns in the southern
interior of British Columbia. Forest Ecology and Management, 2006, 229(1/3) ; 50-62.

[ 6] Angelopoulos K, Spiliopoulos I C, Mandoulaki A, Theodorakopoulou A, Kouvelas A. Groundwater nitrate pollution in northern part of Achaia
Prefecture. Desalination, 2009, 248(1/3) . 852-858.

[ 7] Olajuyigbe S O, Tobin B, Gardiner P, Nieuwenhuis M. Stocks and decay dynamics of above- and belowgroundcoarse woody debris in managed Sitka
spruce forests in Ireland. Forest Ecology and Management, 2011, 262(6); 1109-1118.

[ 8] Zhou W J, Zhang Y P, Schaefer D A, Sha L. Q, Deng Y, Deng X B, Dai K J.The role of stream water carbon dynamics and export in the carbon
balance of a tropical seasonal rainforest, Southwest China. PLoS ONE, 2013, 8(2) : e56646.

(9] Belsds, LHE. =ik X A BN [R5 S8 35 W0 20 il 255741, 2006, 26(9) : 2905-2912.

[10] Wiebe S, Morris D, Luckai N, Reid D. Coarse woody debris dynamics following biomass harvesting; tracking carbon and nitrogen patterns during
early stand development in upland black spruce ecosystems. International Journal of Forest Engineering, 2012, 23(1) . 25-32.

[11] Bruder A, Schindler M H, Moretti M S, Gessner M O. Litter decomposition in a temperate and a tropical stream; the effects of species mixing,
litter quality and shredders. Freshwater Biology, 2014, 59(3) . 438-449.

[12] Baillie B R, Garrett L G, Evanson A W. Spatial distribution and influence of large woody debris in an old-growth forest river system, New Zealand.
Forest Ecology and Management, 2008, 256(1/2) . 20-27.

[13] Guyette R P, Cole W G, Dey D C, Muzika R M. Perspectives on the age and distribution of large wood in riparian carbon pools. Canadian Journal
of Fisheries and Aquatic Sciences, 2002, 59(3) : 578-585.

http ; //www.ecologica.cn



8 ZSO O ¢ 36 &

[14] Zhang M F, Wei X H, Sun P S, Liu S R. The effect of forest harvesting and climatic variability on runoff in a large watershed: The case study in
the Upper Minjiang River of Yangtze River basin. Journal of Hydrology, 2012, 464-465: 1-11.

[15]) sk3Qum, 7384, Rodl, B/NR, Tk, TR, FOBME. URTD R IR o K A O Rma iz, 41, 2013, 31(3) : 280-286.

[16] Yang W Q, Wang K Y, Kellomiiki S, Gong H D. Litter dynamics of three subalpine forests in western Sichuan. Pedosphere, 2005, 15(5):
653-659.

[17] X4, RAaE, BT, AL, ER, HEE, KRG, 90U mY R 78 I 5 /85 W0 2R AR 305 20 LA IE. B A 23R,
2012, 23(3): 610-616.

[18] Harmon M E, Sexton J. Guidelines forMeasurements of Woody Detritus in Forest Ecosystems. Washington DC: US LTER Publication, 1996.

[19] FERZE, Eamte, WEE. FRMMIEA TR MM &S K HAM2E. A%, 2005, 25(1) ; 158-167.

[20] McQuam'e A D R, Tsai C L. Regression andthe time series model selection. Singapore: World Scientific Pub Co Inc, 1998.

[21] R, Sem, BHRE, BERIL BT MHIEAR LA, MPEZSAAR, 1998, 22(5) : 434-440.

[22] ﬂ}’thE, %K%i/k, S, WNI, SRl RRAER. TR O ZERER R A M TR R EAT S, R85l 2004, 24(3) : 635-639.

[23] Arthur M A, Fahey T J. Mass and nutrient content of decaying boles in an Engelmann spruce-subalpine fir forest, Rocky Mountain National Park
Colorado. Canadian Journal of Forest Research, 1990, 20(6) : 730-737.

[24] Beckman N D, Wohl E. Carbon storage in mountainous headwater streams: the role of old-growth forest and logjams. Water Resources Research,
2014, 50(3) : 2376-2393.

[25] AHUDAR, RAEL, BT, W, TR, XE, 20EWE, B 1P URRAR R AR A Xt LD AR AR L R IR BUK BRI . BRI
4%, 2014, 34(2) ; 439-448.

[26] Aj/bAk, RAE, HOTE), BB, RIREE, XUE8, 0, B B MR RRIAR R AL X LU AR AR 1 DOC IKBERYRE . K L P2
%, 2013, 27(6) : 205-210.

[27] Rikhari H C, Singh S P. Coarse woody debris in oak forested stream channels in the central Himalaya. Ecoscience, 1998, 5(1): 128-131.

[28] Romero L M, Smith T J, Fourqurean ] W. Changes in mass and nutrient content of wood duringdecomposition in a south Florida mangrove forest.
Journal of Ecology, 2005, 93(3) : 618-631.

[29] Liu WY, Fox J ED, Xu Z F. Biomass and nutrient accumulation in montane evergreen broad-leaved forest ( Lithocarpus xylocarpus type) in Ailao
Mountains, SW China. Forest Ecology and Management, 2002, 158(1/3) : 223-235.

[30] RPCHt, RAE, BT, Wk, HEE, GUFEER, f0E. 795 WARARARBERRE X T YORaL. B S IREEE Y240, 2013, 19(6):
922-928.

[31] Nakamura F, Swanson F J. Dynamics of wood in rivers in the context of ecological disturbance. American Fisheries Society Symposium, 2003, 37
279-2917.

[32] Haggerty S M, Batzer D P, Jackson C R.Macroinvertebrate response to logging in coastal headwater streams of Washington, U.S.A. Canadian
Journal of Fisheries and Aquatic Sciences, 2004, 61(4) . 529-537.

[33] WEaE, FEEI2F, PRUS, Ui, BRotoK. o6 FRbs RS N TR SR A Ak 52 K 3743 R MOl B | 2005, 41(3) : 7-11.

[34] Webster ] R, Golladay S W, Benield E F, Angelo D J D, Peters G T. Effects of forest disturbance on particulate organic matter budgets of small
streams. Journal of the North American Benthological Society, 1990, 9(2) . 120-140.

[35] Bilby R E. Decomposition and nutrient dynamics of wood in streams and rivers // Gregory S V, Boyer K L, Gurnell A M, eds. The Ecology and
Management of Wood in World Rivers. Bethesda, Maryland: America Fisheries Society, Symposium, 2003 135-147.

[36] Hoover T M, Marczak L B, Richardson J S, Yonemitsu N. Transport and settlement of organic matter in small streams. Freshwater Biology, 2010,
55(2): 436-449.

[37] Richardson J S, Shaughnessy C R, Harrison P G.Litter breakdown and invertebrate association with three types of leaves in a temperate rainforest

stream. Archiv fiir Hydrobiologie, 2004, 159(3) . 309-325.

http ; //www.ecologica.cn



