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Response of leaf-litter decomposition in urban streams of the Three Gorges

Reservoir area to different urbanization rates
WANG Chengcheng, WEI Bing, YAO Jingmei” , LIN Dunmei, HE Qiang, QIAN Shenhua, ZHI Yue, HAN Le,

DENG Liansen, TAN Qiujun
Key Laboratory of the Three Gorges Reservoir Region's Eco-Environment ,Ministry of Education ,Chongqing University , Chongqing 400044 , China

Abstract: The leaf-litter decomposition is crucial for nutrient cycling in aquatic ecosystem,but the impact of urbanization on
leaf-litter decomposition in urban streams remains to be clarified. To explore the transformation of relative contribution
among leaf-litter decomposer groups and decomposition of streams with different urbanization rates,we took 3 Three Gorges
Reservoir Regional urban streams with different urbanization rates as the research site,2 representative leaf-litter in riparian
zones with different initial physiochemical properties were selected, and decomposition bags with 2 different mesh sizes
(0.05mm and 1mm) were set in sifu to carry out the experiment. The results showed that: (1) The decomposition rate of
leaf-litter decreased by approx 30% in the high urbanization rate stream ( the average decomposition rate of Broussonetia
papyrifera and Ficus microcarpa decreased by 1/4 and 1/3) ,the decline of recalcitrant leaf-litter was more significant. (2)
Microbial decomposers contributed over 80% to the leaf-litter breakdown across all the three streams. In the stream with high
urbanization rate, the relative contribution of bacteria decomposition is greater than that of fungi; The proportion of pollution
tolerant species in benthic invertebrates increased to 90%, and the shredder who played a vital role in decomposition
disappeared ,and the relative contribution to less recalcitrant leaf-litter and recalcitrant leaf-litter decreased by 45% and

15%. The decomposition rate did not change significantly in streams with low and medium urbanization rate, but was
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significantly reduced in stream with high urbanization rate. This study provided a scientific basis for elucidating the

degradation mechanism behind stream leaf-litter decomposition in subtropical towns.

Key Words: litter decomposition ;urbanization ; streams ; benthic invertebrates ;microbe ;the Three Gorges Reservoir

FAVE I AR AE KA E S R G SRR R Tl 25 O B AOVE AT R VTR T0T 37 felt R IR 00 o FH B A 5
E S BT Ii1ZC (= E v R AR ST 07, i ) e L1 ) 25 B U G A = N v T T 2 8 o o 4 R W O
AR A= B AR BORAL AR e R B IR IE Y1 i Sh e i 2 2

ARG ) (AR LR ) A8 R A3 i VR 2 2 SR TS W) o i R 0 s AR W I b AR )
BB 5RVEY R SRS 3h 3 1o B R B A R AR R TR e R i 2 S R IS W e
5T WA [ 53 25 1o % T BT SR ERL A a6 7 A 2 S A o 7, 388 B A5 |6 A Tl i B A TR 728 A, i 480 B
A5, 1 R AT Sh A (0 Z2 R R R T B SR B R e TR S A A 0 BT R R R i
TR R R R ) SR, A IS R B BT A R A e ) R ) v R R R S R IR AN B AR I A R
BEANTG Bl AR HETE o T L BRICASN  JRVE DA B A B e 25 % o Ak B = A S e, LA B NP
B AMIK C/N MER B R RENL 5 5 22 (4, R A g B e RS T B AR R B B4 4
fifp e PR LA AN [ 3 i SRR RV 0 o3 A o R T ) A € RT B R A B AR R TR JR TR W
it SZ IR T8 ) AR AL AT REAS —30,  E X 3t 0 95 40 o3 AL ) %) B 5 3 S8 42 R FE X TR el DX 3 U Sk
BRI JRAE TR 0 R R B G R T 0 o R ) R B SR R IR 0 i R T A R
T BTG A AR A ) AR SRS S0 X ek 75 YT T PR 76 9 o i o R AR AR A 52 /0, gl 3o R
(I 5 PR 5 40 it aoh R %) 5 M BT B 5 A B A, A ) I e fife o A 0 1) ) G R il — 20 4085E

ARG BRI T EE P T AN [RI3BE AL 38 1) = 2% S BT BRI, LA = ] I ¥e] ey A (R A [ 0 s PA b I
HIFIR ( Broussonetia papyrifera) ./WNH# ( Ficus microcarpa ) W i R X EAT R AN A DO RERE S B | 38 &2 0
J55 LA A il SISy R I SORAELA 2 e T Vet R A B B VAV S0 0 R G A R ) e I AR | R A TR R T
W i D RE A AR AL A 5 AN [R) 40 2 %o 0 Vs 400 2 ik 2 e DT R ABE

1 HRERB|REFE

1.1 BF5E XA

AWFFETE Earth Explorer HEHUIE 7 A Landsat T2 & G, 28 1E 5, 2K W 2025 09 07 B 5T X
B AR T M S KR CHERIX AR A b 6 Fh 3R] S RSB AR (PIA) RAEEAL R, R
I 2019 4F F PRIAHAL G I T 3 45 FIRBEAGTTIE (1) , 2050k B KT e JRUE 35 7K IR | T 358 9T 37 A dnk
FEEMRIR 1T, SEE = 25T rh A 3 SRR AL PR B, G 36 9T BT 4A9RT FE 2 10m, Tk 2 0.3m/s , TREEZY Im,
J& F/NRRE G, 8 T S U0 R IS HERR Y R 2R P ) o i T SRR KT e R W 7K BT Bt
(24190 55 43550 R (10£0.5 ) m, (9£0.4) m, (10+0.5) m; P38 43 514 (0.30£0.05) m/s , (0.25+0.03) m/s
(0.30+0.09) m/s ; IR E 435149 (0.8+0.1)m  (1.120.2) m , (0.8+0.1) m,
1.2 Wk
1.2.1 PP R e B h 2R 0 D

T2020 4E 9 H W dE 3 A% A LA By T R A A4 B ( Broussonetia papyrifera) | /N ( Ficus
microcarpa) WM A, 7E 60°C T4 48h , Wi o ff AL 5, i PV QPR LI e K R R A e £ ™
T TOC-TN 43 B (St HAS) @ iR K beil a3 ALK 7 & 5 FH R G iR -k Uk S0 ik By oK, R TOC-TN
SIHTAC e, HAS) W 5 o, (AR B bt e e 5 . AR DU 45 SR C/N L C/P N/P 5K
EVANE (N
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Fig.1 Distribution of the study sites of the 3 streams and their land use types
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1.2.2 P74 50 ik D o 55 5

SR RAS I TR TE D A R AL SE 58 01 B T 2 FORTRIFLAR (0.05mm AT Tmm ) (953 435 4 B il
AR N 53 B AR NS 50 o, b /LR (0.05mm) A UE W Re g i th iR 48 5 5
G fit , KA (1mm) TP SR PRV W P Fh o3 il 5 5 00 M BT FAR S T RIS W 03 il

FRICHETJ5 1) 1 7% 1 4 CREB 3] 0. 1g) A4S (15emx 10em) 1, 33t 100 A3 42 (2 D) Fh =
2 FifLAExS ANEE XS5 KM ) . FEFRE SERUG , R B PR BHI 4%, AR (kM R ez R i ie . H—
K I A Ay S AR AR, 43 2 b DU A A BRI 43 A% (R R ALAR AR /INFLAR /NI R LAR /N A/
L) , I 24 KA e 5 [ 7 SC 30l Be AT IR | T 2020 4F 11 H e 54,2021 45 1 H [Iicsr i
A8 I AR IRARAEA A2 [0 S2B6 28, BURE 0 [ i I HH K A RS pH | R R A R SR A H 5 b, IR A KRR AN
S IRE A

FESLIE N B AR I R R R R 5 R R T B A AE - 80°C VKA T . MRS TR R
I MEREA (2 0.5¢) FF I SL U E M M e , ETHE 0 R o i) 25 Oz WA I i, 5 L FIE %
FATHIE A 60°C (IKLAR Fp 0 48, HEFR LA AE B — - AR N e & (- o
1.2.3 0 Bk o

I E R AL AR AR pH L SR WA A (NH-N) FBRER (NO-N) MeWiieh (POT -P) i L 2%k,
Horp FESZEG 55 A H 22 2805 & 4% ( YSI Professional plus, Yellow Spring, 3¢ [E ) B 420 % 7 43 5 FE1E K 1 1R
JE pH {H B P RFNA A5 SREEKRE, 1d 0.45pm AYBEIE, SR F R FH 20 6% BE 20 2 NH-N . NO;-N K&
PO} -P W E
1.2.4 WS E 5 % e

RS RS2 250 wm FLAR A ZRAA I, 445 2R A1 D00 50 B AT L5 B T B 1) 3 AN B I /K 7 Tl 40
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FRP A 2 R F A R RS I REAS . A RE S AE T 75% O THHS Ffr | 32 0] 52 36 28 A7 S 58 AT R0, R TR JEE A
AT 28, S SR AT REARAY 43 FEK T (R ELRIK ) o BEAM, AR Tachet 251 94328 7 b A h
R0 MASTR OB T RE2EHE . B8 & ( Deposit feeder) 41 # ( Shredder) & &4 ( Scrapers) JE & # ( Filter
feeder) G (Piercer) JHE# (Predator) fl2F4:# ( Parasite) .
1.2.5 M HAYINE

W F BB D RS S5 A A IR T g 55 A W R R A IRA R 2, BART 258 . (A FastDNA®
Spin Kit for Soil IX71 & (MP, USA ) ML 2 A=) DNA , FI NanoDrop 2000 %84M AT UL 23 500 B 11 fx
2% DNA W BEFN2E B, IF 19 B0 B8 fise Fi vk sr DU il 2 79 DNA Bl &, i 514 515F (5'-GTGCCAGC
MGCCGCGG-3") F1 806R (5'-GGACTACHVGGGTWTCTAA T-3") ¥ #4405 16S rRNA Ky V4 A AR [X ) Fi |
W ITS1F(5'-CTTGGTCATTTAGAGGAA GTAA-3') #l ITS2R (5'-GCTGCGTTCTTCATCGATGC-3") #™ 14 B 1TS
FLPR g 1TST A] AR X200

fift FISE T 9 8 £ PCR(qPCR) W2 4B FIEL B ) EBE . 23008 16Sr RNA T TTS $10 i) 5 R 47 A JBORE 25
TR (pMDI8-T) , DAL E 4 Bk i Am il i, 10 fE5A0 Bt B il A An i th 28 . PCR RN IR 2R (20pL) f035 . 16.5uL 1
ChamQ SYBR Color qPCR Master MixPCR(5pm) 0.8l FURTS 4 .0.8 L A 51401 2L ) DNA 54, 7E5¢
JtE i PCR X (7500, Applied Biosystems, 3¢ 8 ) fifi 47 PCR N7, AR 4 A o fh 206 1530 2 o A 400 18 35 [ 7 5
DU,
1.2.6 Fdlibas

(1) JAFED TR R %

A 7% BB 515K (Mass loss rate=ML) (%) M

OW[

ML= x100 (1)

0

A ML 3 ¢ KI5 5342 N B v i i a0 2R 58 W, 2 0« KOG 0 A Nt i T8 W 2 R0 ih i
R ACAPSN

(2) KRBV Z P A Py AR X BTk

MR Seastedt 557" (2 AL T WFP S (D) JIRWESh ) ) X i 1 A R (P 38 BTk, T A S
W
aaaaa = (Lggua ¥ L) X100 (2)
T, B (%) RN G385 4 9 400 Bt 0 5 B SO0 5 Ly, 2 A0 O3 A 8 T A B R T 2605 ) 1 i 1Y)
R I3 L, S A R FLAR 20 A8 v U P ) B B A0 2K 0 28 S 45 0 L R RAL MR AR i B S i 2k B o L,
BN R FH AR T Y T HES A AR 2 v R o3

(3) Shannon-Wiener 35 %%

HAE T %A LL Shannon-Wiener 1645 ( H) T3 Sh W HETR Z FEPEFER .

H= §<pi><1n<pi>> (3)

K p, N n/Nyn, NE @ FAIIARE, N R T S AR, S BEVE O B R

(4) Eclls b

X B AT IEZASPE Ay 2255 PR RORS IS . SR T BRI 3R 5 22 93BT (one-way ANOVA) J3Hr = 258 i /K A4 1)
HEZH A S (AN B ) LA SR P& ) ot P 2 RAEAN IR T W 28 5% . 2407 2200 T AP e
BEESE, JEAT LSD &5, LA E G it M 1 OriginPro 2022 H i 17, i A i 780 AH 5 43 B ( Canonical
Correlation Analysis, CCA) #RFT 5L 5 I sh I BE V& S8 [RI) E 2, CCA 43 #1#E Canoco 5 A iE4T
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2.1 JRARERAR

XT?/T/;.L%IE FEI &, 7K I 7E S R AL AT 3t S 2 B e, ASB KN ( PIA =9.7% ) 1) 12.57°C F+i55 23
JKIZ (PIA=80.3%) 1) 18.03°C , Tl ik 43.43% ; BT 0 /K A 23 St 55 AP, pH 188 W 25 5% (P=0.66) ,
VAR (DO Y 1 3 AL RN B R ( P<0.01) |, AR AR Ak 1Y BB /K WEVAT Y DO % &1 (9.37me/L) | Tl 5
WHHAIE KB DO 5K (2.77mg/L) o HL5 38R S 340 T r o7 Bl 38 4 A e befs 3 2 0 I R A JE A Il A A
(F1),

X TFRT Ak 2 S0 T T R YA R A TR KR Y R B AR (NH-N  NO,-N . NO,-N | TN PO} -P #lI
TP ) $4) i 2 5 TR B AT i SRR BT (3R 1) , MR EE 22 0RIR 3 1 2.2—100 %, 1 Ik b im] i e XU (1)
YRR AL T 0 ST =22 (8] S AR 2 300 v Al T 3 > H S B 3 > (PR S T i AR R

F®1 BAEYHSMBIESD I ETRMMBLESEH(FHEARMER;n=9)

Table 1 Physio-chemical parameters of the water during the litter decay in three streams ( mean+SE,n=9)

- 2A TEEA i 7EeN DRI A i
izfm NH:-N NO3-N PO} -P/ NO;-N/ TN/ TP/
S /(mg/L) /(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
K ¥ Heishuitan Stream 0.16+0.1d 0.97+0.1d 0.01+0.1d 0.01+0.04d 1.17+0.4¢ 0.40+0.3¢
JERZ Longfeng Stream 0.57+0.2¢ 3.87+1.6ab 0.23+0.2¢ 0.22+0.05b 5.10+0.5b 0.90+1.1¢
7K Qingshui Stream 10.31+0.1a 2.15+0.8cd 1.00+0.6a 0.55+0.03a 16.50+0.9a 3.35+£0.9a
o i R e LA L

streams /(me/L) pH T/(C) ORP/mV (uS/em)

" /K MES] Heishuitan Stream 9.37+1.7a 8.03+1.1a 12.57+6.1a 142.27+99abe  615.00£22.9abc

JE R Longfeng Stream 7.23+0.2a 8.17+0.3a 16.60+3.2a 205.05+55a 625.30+47abc

% 7K¥% Qingshui Stream 2.77+0.5¢ 7.70£0.3a 18.03+4.7a 175.80=4ab 712.30+59ab

[Fl— 3, AR R R AN R RBAL N T K R AR A7 1 3 22 5

22 JRIShYIRE IR 45

TERRRKMER] PR B0 T 32 Rl KBRS 2ERE V-39 B R 4338 A/ m” RIS ) ZFE PR s (H=2.4;
P<0.05) s 7E e KR B 10 S KRB ShYISERE P80 3468 4>/ m* , ZHMERAR (H=1.0;P<0.05) ;
FEIG AR, R 9 A KIS 2 RE 3% B 3630 A~/ m? , ZAEELE M ST 2 [H] (H=1.7;P<0.05) ,
EPT #U&Fh (#%8i H Ephemeroptera  f&3# H Phecoptera 13 H Trichoptera ) 78 J& 7K M v (5 1Y 74.6% , 7 &
B 5 L 4% AR R LB, M5 A (ANZE 2 RN IR ) 7R R OK RE R R B, 7R e RUR
11.7% KB A Hik 89.42% , # # 1Y F  BE A PR OK e b de & (10 ) (P<0.05) , HZRE W s
(H=0.9;P<0.05) , 7EH /KB EA K EH (£2),

IG5 K 5 S sl 4 25 1) #1789 A0 5 43 B ( CCA |, Canonical Correlation Analysis) 41~ , CCA1 5 CCA2 %l
IR T RS R 30.21% 5 16.67% , 45 KW NH;-N PO} -P TN TP NO;-N Z:3#/0 &8 5984
AR R IANEA IR (P<0.05) , S & A Ed Mg a2 AU R (P<0.05) ;D0 #HKE
SR A MR EAR GG R (P<0.05) (181 2)

2.3 UEMIREE S

PRKMET B LT 2 BE B R KR L F B R AR . BRI KRB MR AR Z A0, /LA A b i i B TR
JE¥IRTRAL(EL3)

i+ th%ﬂET@%‘Q@ﬂﬁAﬁ%ﬁ FRE I 7 b A A0 B R R R TN R (P<0.05) o BRIG K RY
INTRR I P o3 R AN INFL AT R AS TR B AR T BT ORSL (81 3)
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F Aspergillus (9.5%) (& 4) .

NIRRT AR R REVE YOk B TR ] RALAER
SR A S OKRE T A e KU 1Y A 358 # 2 Idriella
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Tetracladium J& T 22401
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Fig.2 Canonical Correlation Analysis of environmental

parameters and functional feeding group of macroinvertebrates
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Fig.4 Relative abundance of fungal genera in different urbanization (>3%)
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