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Spatial-temporal distribution and ecological effects of macroinvertebrate

functional feeding groups in the Lijiang River

ZHU Chenxi, MO Kangle ™ ,TANG Lei, WU Yan,LI Ting, LIN Yuqing, CHEN Qiuwen
Nanjing Hydraulic Research Institute, Nanjing 210029, China

Abstract: The purpose of this study was to analyze the composition, and spatial and temporal distribution of the functional
feeding groups of large benthic animals in the Lijiang River, as well as their responses to changes in riverine habitat based
on four sampling surveys of three study areas in the upper, middle, and lower reaches of the Lijiang River, from September
2009 to August 2012. The results showed that scrapers were the main component in the Lijiang River community, followed
by filter-collectors gather-collectors, predators, and shredders. The dominant scraper species were Cipangopaludina
cathayensis and Semisulcospira amurensis. The dominant filter-collector species were Corbicula fluminea and Hydropsyche.
The dominant gather-collector species were Ephemerellidae and Chironomidae larvae. The dominant predator species were
Glossiphonia complanata and Dragonfly nymphs, and the dominant shredder species was Helichus sp. The evaluation of the
Lijiang River ecosystem based on the metrics of functional feeding groups showed that the effect of human activities on the
stability of habitat was greater than that of tourism. Environmental factors, such as dissolved oxygen, pH, electrical
conductivity, temperature, turbidity, chemical oxygen demand, and total nitrogen, were strongly correlated with the

functional feeding groups of macroinvertebrates in the Lijiang River.
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Table 1 Functional feeding groups of macroinvertebrates related to ecosystem attributes
ST U E R SR EBRGEE
Metrics based on functional feeding groups Ecosystem attribute
YIFAEIR Material cycling
Fl B H % WA T
Density of scrapers Primary production
F2 IR EHE SIREH WEE IR B (S VEsE 2 (5]
Ratio of scrapers to filterers and gathering-collectors Autotrophy/ heterotrophy
F3 i B8 5 B IR s B 2 IMERET]
Density of shredders and gathering-collectors Decomposition
F4 AWk W)

Biomass
Y\ a1 3% fE ST Longitudinal transport

Secondary production

F5 QR %R Y 1w ik Ak
Density of filterers Longitudinal transport
F6 UE L SH £ RS H Z R He e ARG 1w i 2% i

Ratio of filterers to shredders and gather-collectors

WY B4 A Lateral input

Relative longitudinal transport

F7 #i B R B A
Density of shredders Lateral input
F8 Wi I H B I AR S A

Ratio of shredders to total density
HAth Others

Relative lateral input

FO MR ERES BEEZIL R IR RO
Ratio of predators to total density Top-down predator control
F10 B £ Mgk 8 2 A5 3 e 8 A5 2 Fi LA AR E M

Ratio of scrapers and filterers to total shredders and gather-collectors Habitat stability
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1.5 AR5 o
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SERIVEIR ST IAE Excel B 58 B, BT 1] 15 1% F T AR 230 B (RDA) 78 R A4 H 58 1 (version 3.3.2, R

development Core Team, http://www.r-project.org/ ) ,
2 HR

2.1 KBUJRATG TCE HE S WA 20 1 e Dy Rt B 24 g

AHFFE 4 YRR R 64 N RAURMTCHEHES Y 2500, RIE T 3 118 K 16 H 38}, Hi R &
24 28 Fh NG L] 25 Fh HIFEL] 3 Fh RGEAK 3 B ME4H 2 Bl Z BN 1R SEEW 1R IRIE 1 Rl XHETTR
R ARG AE S D RE S ISREUEA T 4007, 25 S R, W& B 2RIV o 3 O34 A =R B Ry 73.26% ; Hok Ry
UEEH AR X250 R 15.12% F1 8.85% s 4ili £ 3 A & & A X = BE /N, 4390 R 2.72% 1 0.06%
H2E 2 AIANAE & JEEH WEH Wied WEE sy, ug e b IS 5ok 0.367, R &
HHM AL T RS & ISR AN O S A

®2 BILARRBLEENYERBRLBREH

Table 2 Dominant species of each functional feeding group of macroinvertebrate in Lijiang River

ThRE SR PEFEFh PR EL i {5 {8
Functional feeding groups Dominant species Dominance index (Y) Tolerant value
WHEH GC INIE Ephemerellidae 0.032 5
Gather-collectors PEWLAN L Chironomidae larvae 0.034 6
JEE#H FC Filter-collectors W Corbicula fluminea 0.367 6.8
ZCA A Hydopsyche 0.074 2.8
i # PR Predators Ji T % Glossiphonia complanata 0.056 6.2
WEIEFE AL Dragonfly nymphs 0.034 5.7
& SH Shredders W Helichus sp 0.025 5.4
HIE# SC Scrapers HRAEB TR Cipangopaludina cathayensis 0.079 10
PP VT JH A1 Semisulcospira amurensis 0.076 5.7

2.2 RAURAEICE HE S Y D) Re bR & 22 (8] 0 A R AiE
2.2.1 AR B A (] A3 AT AR

TR TR Y AT T HE S0 ) D B ER B 2 AE (R AR X = B 23 [R] 0 A DL IR 2, R34Sl £ 8 1) B KA X 3
AR R 2T B O 93.48% , B/ MM BRAE B 28 LIV BE, A 25.27% 5 3l B B S R AR N 32 B s B AR 44 2
UEITEE , H 8.88% , Fe/ N IR AE B A T BE K 0.75% ; U £ 3 1 e SAR R 2 BE 1 IR AE B 7R b ETLBE
55.05% , Fe/INMEIRAE A =TT BE o 3.79% s WAE 5 1) S KM X 3 B Y IRAE R 22 VLB, o 29.36% , /s
HILERKZE TR, 0.62% ; i £ B AN = BE 7 B VLB AR /N, R 28 IRV LB IRk ZE i VT BOAH X 45
K, 4350 0.53% .0.42%
2.2.2  EREMZS B A RHIE

TR VTR AT JC A HE S ) D R PR 2SR 1 9% B 25 [B) 4 A AN 181 3 BT, D3 ) £ 8 00 e R 2% 1 Hh
R TR, N 2354 A/m’ B/ N BUE R 2 BIRTTEE, N 73 A/m’ B MRS R BE RS i
VLB, R 84 ~/m?”  Fe/ M IRAERK R DIFEVEEL, O 4 >/m? s B IR R% B L B R R TR i B, oy 436 1~/
m’, e/ IAEA ZE TR, R 49 A/ m? s AR 5 K% Bt IRAE R 2 TR iE VLB, O 208 ~/m” , e/ IR
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Fig.2 The relative abundance of macroinvertebrate FFGs in Lijiang River among different river section in different seasons
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Fig.3 The density of macroinvertebrate FFGs in Lijiang River among different river section in different seasons
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R 7.54% ; WOBE AR 2 B e KA BRAE 2R, N
20.46% , e/ ME I IAER 2= R 1.86% ; B A X 42 1
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HIRTE AT, 0 A/m? s 06 £ 8 A 1 B 7E K 1400 B i
%, 204 A/m? HUMEMBUEA S N 75 A/t il 0ot e
S B EROCHLHUAE Sy 168 4/m? BUMEMBL & tooof iR
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FHABZAT MY o RGeS (F3) e P iiE K T H 4T Fig.5  The density of macroinvertebrate FFGs in different
X3 B F /N T ALY WG S Pk G 77 F7 (F4) JL - seasons in Lijiang River
R e G, Y BN ik BE ) T, Y\ n)
ik BT (F5) AR XD\ ) i 2% 8 7 (F6) bR i dse i |
R WK, TNV B AT, i Y B A & (F7) AR B A& (F8) 410k bl T b T il , Bk
Zefm T AR A AT T, B T N ATRON (F9) FE I i 25 [H] 43 A b 25 SN K 2R AR fp oA K, (5
SRR 3t A A SRR M (F10) B IAT I L 307 21 F a8 bt ot

LR LRSI VAR R G AT . SRR VAR R R G AE 2 (] b B3 2R Ui R A T HE
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wn R R R, (NS E RO W] DL T VT AR S R G DY RS s 1 1) 1 R O RS R s L 1
Ao
2.5 KRAYEHITCHHES Y D Rete B 25 5 MR X (A e o iy

R T ARGERAE I RIS [3] B 45 PR - X VLR B AT ) ) D) Be A6 B S e RS2 e, X D e 4% (B 281 5 A B8 R 1
DO .pH EC Temp Tur Salt \ TN TP FI COD #7704 34T (RDA) (&l 6) , 8 ik {if [7] £ £ ( forward selection ) HE
Brdw TR/ IN R - (P>0.05) o AT 45 S B |, 8 VL DU 2256 78 JECAVE 20 4 T e B B S M A R ) 26
BN TA BrARE , 2 COD(P=0.001) Fl DO(P=0.005) PiFREE N 7 5T KR SR W sh 4 2h GES IS REAH
KRR ; H 22 EC(P=0.001) .pH(P=0.002) Fl DO(P=0.002) %5 3 MFAEE I F 5 D) GEHR B 2 HEAH S0
2= EC(P=0.001) Fl TN(P=0.024) 5Dtk B IS HEAH O HR ; 4 2% Temp (P =0.001) A1 Tur(P=0.001) 5
IRe i B2 HFAHOCHE R

F3 EIARRELESEDNHEARBSRNNETL
Table 3 Temporal and spatial variation of Metrics based on macroinvertebrate FFGs in Lijiang River

ET R RENS I

Metrics based on functional L N Ll & Az i o
feeding groups Upstream Midstream Downstream Spring Summer Autumn Winter
YA Fl 150.76 1214.92 470.67 459.6 1215.39 447.33 639.43
Material cycling F2 0.64 7.31 2.54 1.51 9.5 1.12 3.97
F3 93.7 123.1 75.73 168.53 26.3 104.75 86.12
F4 106.96 152.76 179.99 150.57 103.05 158.21 183.28
L/ NGk TS F5 143.9 175.89 148.62 137.07 102.55 294.42 75.12
Longitudinal transport F6 2.16 1.98 14.96 0.81 3.9 2.81 0.87
I/ NiE TN F7 1.08 0.89 0.3 0.4 0.97 1.47 0.1
Lateral input F8 0.0028 0.0006 0.0006 0.0005 0.0007 0.0017 0.0001
HAth Others F9 0.06 0.02 0.04 0.07 0.01 0.01 0.03
F10 3.92 29.71 46.26 3.54 50.11 7.08 8.3

F1. B H % L Density of scrapers; F2. BB 5 % B 5IEEH WHEH Z MY LA Ratio of scrapers to filterers and gathering-collectors; F3 . #i £ &
5 FE FSCAE 2 % B 2 F1 Density of shredders and gathering-collectors ; F4 ; A= #) 1 Biomass; FS: JE B % % Density of filterers; F6 . JE B # 5 #i & # 1
W 2 R4 FE3R Ratio of filterers to shredders and gather-collectors; F7: #i £ # % ¥ Density of shredders; F8 . #i 2 # % J¥ 5 B % ¥ 2 It Ratio of
shredders to total density ; FO i & % 5 M8 2 I Ratio of predators to total density ; F10; £ 2 Fus &% 2 F1 5 8 £ 3 Filkc g & > FIRY LR

Ratio of scrapers and filterers to total shredders and gather-collectors

3 e

3.1 JETCRBYRA G HE S D eSS £ AR A 21 B I 23 3 A

RIS DI RESR AR A A S AR B DI G . VTR AR B4 LA & G a2 s s, i e
b T8 3k — SR T N AR DX A 2 B AR X A P A R AR 2 S, O TR L
TR TR A T I 22 O VD B A AR YD K R R, VISR S H UK A A K BT RS
MTRAR A > B AT B S TS AL AR ) AR A AR A b S RO B D i A
ST VLR 22 I M TR U4 BETR AR /D, JCuk 2 0 6 35 SR RN A v i AN T ) 2% 7, o T 44 2 e LA
A,

T S A S U D RE B B 2R AR 0 25 (8] A1 5 A SR AR S rh A ALY i iz i R AN A 00 19
HKF T AR S s ] A3 7 A TR S, g R 28 Y ) 3 2 S M AR A TN , o) V3R T R
PF, WAL b e AR R R R e I L b R s ] B AR RS A A P B
FXTFEE R R ABFFE MM SRS LR LA, (8 BRI b, ANBURLAT DL 7EAR R R il
RLBURLAT HILH) 0 I BCAS) , JFC A9 P90 2 90 0 18, ¢ 7 32 5 A R 2 000 0 20 28 RSO 387 B A X
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Fig.6  Relationships of macroinvertebrate FFGs and environmental factors obtained by Redundancy analysis ( RDA) in different seasons in
Lijiang River
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oxygen demand; DO ; % fift 4 Dissolved oxygen; EC: HL 5§ R Electrical conductivity; TN & %( Ttotal nitrogen; Tur; i & Turbidity; Temp: &

J& Temperature
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S L A BT R S R AR 1 AR RO R B T 4R DR B RS Fh L 8 s i R
WIS X BRA AR G DX, P AR TGS QeI . X5 DI BB B SRS F10 AR, m] 4 WA B IR
A X LA A IR BT RS R T IR WG 52
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JEM S IR AR BT A T U, 2 S BOHI R 04 LAY 25 50k, 0B 25 20 A RE A8 S A RS i 7 ] T R 8 Y
UG OL Y o FEASBIFTE | 40 B (R X = R 8 A A T ] 0 ey - HAh 3 A4y, R R A 1 7
W R PR SR AR E RN AR 2 T AL R RO A B RO, Dl &
FRAT FEAEY" . TR AR B R AR R TR T A Y, 2R I D 7 T G A
(1 ehr A 5 PR S i T e A D 3, 00K A W 1 A Rt o AR A T B A B, iR R AL
B HUBURLA B, CE AR Y DX A HLASURL S 2 (O, DRI T WA B 38 (s e I AR Py A 8 AR rh e
A BRI SRR AR KA T IO R 225 (0 S AARAR i T B[R O 52 =2 YU T e o, A
SRR R, IBEHE LR PSR N B, — B AE — A Fod ik s ™ (eI ik e
RS 2 R R ARk A o T AR 0 e PR D i £ 3 T 2 B2 B K i Uk S 2 ), Rk Ak 1 Ok
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WA S B K TS T AR IR G T L B R B TR A A X — B LR AOR AT AL R D
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FETA A 25 2F 5 T i 2 5 ) SR TR AT 20147 ) A B A 199 DG B A5 DR~ X 43 B gt 2 2 il e ke 75
BRI BRFEEE S PRBE IR X SR Sh A A R A R TR XN R 2 454 25 59 O 26 Y AR g
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