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Spatiotemporal distribution of macroinvertebrate functional feeding groups in

Qiaobian River, a tributary of Yangtze River in Yichang

ZHANG Xutong, LI Weiming*, ZHANG Kun, XIONG Weiwei, CHEN Shengsheng, LIU Zijian
College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang 443002, China

Abstract; Distribution of the functional feeding groups of macroinvertebrates and their response to environmental factors
play an important role in river ecosystem health. Thus, the influence of spatiotemporal changes of river habitat on these
factors should be assessed. The composition and spatiotemporal distribution of functional feeding groups of
macroinvertebrates were analyzed based on the data of macroinvertebrates and the associated environmental factors in
Qiaobian River in August 2020, January 2021, and April 2021. A total of 38 species of macroinvertebrates were collected ,
including 23 species of Arthropoda, 13 species of Mollusca, and 2 species of Annelida. The functional feeding group of
macroinvertebrates in Qiaobian River was dominated by filter-collectors, followed by scrapers, predators, shredders, and
gather-collectors. The dominant species of filter-collector were Corbicula nitens and Corbicula fluminea. The dominant
species of scrapers were Semisulcospira cancellata, Bellamya aeruginosa, and Radix ovata. The dominant species of
predators was Calopterygidae. The dominant species of shredders was Exopalaemon modestus. The dominant species of
gather-collectors was Chironomus flaviplumus. Redundancy analysis indicated that dissolved oxygen, ammonia nitrogen,
water depth, pH, temperature, and nitrate nitrogen were the main environmental factors affecting the functional feeding

groups of macroinvertebrates in Qiaobian River. The present study of functional feeding groups of macroinvertebrates and the
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factors influencing their spatiotemporal distribution can provide reference for the restoration of river ecosystems.

Key Words: Qiaobian River; macroinvertebrate; functional feeding groups; environmental factors
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Fig.1 Distribution of sampling points in Qiaobian River
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J = H/lns (2)
D =(S~-1)/InN (3)
Y = (n/N) Xf, (4)

AP, n, 5 L TPRYERE N R Sh YIS B S 9IRS, £, N i R BLAR . 2 Y=0.02
I, B AR A SR

F1 KXBE#EDNYIERBAEBIRCENESREREE
Table 1 Functional feeding groups of macroinvertebrates related to ecosystem attributes
BT IR BRI SHL HEERGRME
Metrics based on functional feeding groups Ecosystem attributes
YIFRAEFR Material cycling
Fl R &HTE (e G

Density of scrapers

F2 RIEH WS IEEH WURH Z MBI ER

=)

Ratio of scrapers to filterers and gather-collectors AFRAE IR
F3 Wi B AR T 2 IMiEEE S
Density of shredders and gather-collctors .

=
Fa LA Uy
Total biomass
YR M Ei%BE ) Longitudinal transport
F5 R R ENGEpes ]
Density of filterers
F6 JE 3 SH % RIS H Z R He 2 I % B 1

Ratio of filterers to shredders and gather-collectors
WREPIBRHIA Lateral input
P SECHEIE "

Density of shredders

F8 Wi a S MEEZ I

Ratio of shredders to total density
HE Others
FO Y £ 50k £ A H Z R LA

Ratio of shredders to filterers and gather-collectors

F10 i & H % E S5 DR B2 H

o
z
g
=3
=
-

LERSEZ NS

AT HUBORL 4 A 2 404 HLORL S A it

Ratio of : R B ATRON
atio of predators to total density
FIL AL A 4 2 A B A R 2 A % -

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

142 ittt

FFHAREEREIHEY ( Constrained Ordination ) AP BT I F RI TN AESE B R BEZ MM R L X KRR 2
Yo re s B ISR A TR B 0 B 2341 ( Detrended correspondence analysis, DCA ), B35 45 H3 4 14 FpL 04 nje) 107
INTF 2, 3% $E TC 4% 43 BT ( Redundancy analysis, RDA ), & K T 2, W # 47 #3543 #7 ( Canonical
correspondence analysis, CCA) ,

BREHR ST S5 A HAE Excel 2016 1, FFH Origin 2017 ZHIHRK, Canoco 5.0 1 f4:3E4T DCA Fl RDA 43
Fr, JH ArcMap 10.2 ZHERAE ALK, BR pH ELAS , Hr e /K 3158 PR - H5c8is R 21 4 D e 55 S e Aiaia
BI7E SPSS AT X85 [ log (x+1) ],

2 HR
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[ BE pH SRl 7.82—8.46 , KPR L S ARE . &0 WA G BRI R -1 i B A4 AT 3 OB 34 i i S P 3o
IR AT 22 57
%2 FOARSES EENEFEATEET L CPFHELbERS)

Table 2 Comparison of spring, summer and winter environment factors in Qiaobian River ( Mean+SD)

E7S: -1 %2 Sping K7 Summer A2 Winter

Environmental L il T L il T L il T
factors Upstream  Midstream  Downstream  Upstream  Midstream  Downstream  Upstream  Midstream Downstream
TN/ (mg/L) 0.48+0.04  0.77:0.14  0.830.12  0.74:0.03  0.87+0.11  0.96+0.10  0.75:0.06  0.74x0.34 0.70+0.13
NO3-N/(mg/L) 037001  0.44:0.10  049:0.01  0.69£0.03  0.57:0.05  0.5840.08  0.48:0.03  0.45:0.17 0.47+0.08
NH;-N/(mg/L) 0.010 0.03£0.01  0.09+0.05  0.03+0.01  0.07:0.04  0.07+0.01  0.01=0 0.040.03 0.09+0.03
TP/ (mg/LL) 0.02:0.01  0.08£0.07  0.09£0.02  0.02+0 0.06£0.05  0.07£0.02  0.02£0 0.05:0.06 0.05£0.03
P03/ (mg/L) 0.010 0.03£0.01  0.03+0.01  0.01+0 0.02+0 0.02+0 0.02+0 0.02+0.02 0.02:0.02
CODy,/(mg/L) 1.59£0.32  2.06+0.24  2.38:031  1.81:0.12  1.58+041  1.61x022  0.89:0.11  1.40+0.54 2.29+1.38
T/C 15.88+032  14.83:0.99  16.68+0.64  20.78+1.09 23.37+1.25  24.41%2.05 11.77¢0.65  11.02+1.37 7.91+1.03
pH 782111 8.38:0.16  8.02:¢0.25  8.19x0.16  8.27:0.04  8.46:0.09  8.45:0.16  8.15:0.12 7.99:0.26
Tur/NTU 6.24+4.12  4.08+1.95  24.14x14.81 10.90+11.46 18.33+12.57 29.60+25.98  7.31+7.58  8.78+7.71  33.19+8.48
DO/ (mg/L) 12.58£0.66  10.21£1.17  871x0.71  8.32:¢1.06  7.50£0.93  7.13:050  14.33:1.12  14.29:0.62  11.76:1.02
Cond/ (ms/m) 530.02£9.90 534.67+29.69 583.33+29.91 415.5+20.51 427.33+3.51 423.00+45.74 600.51+44.55 541.00+72.92 796.67+137.70
Vel/(m/s) 0.48+0.06  0.27:0.18 032032  048+0.21  0.57:0.06  0.410.18  0.16:0.08  0.28+0.20 0.37£0.17
Dep/m 0.17¢0.06  0.39:0.05  0.77:0.66  028+0.05  0.61:0.50 137095  0.09:0.02  0.24x0.06 0.630.60

TN: &4 Total nitrogen; NO3-N: 2 A Nitrate nitrogen; NHj-N: A A Ammonium nitrogen; TP B Total phosphorus; PO43 - EBERR £ Phosphate anion;
CODMn: fk27 % & Chemical oxygen demand; T R Temperature; pH: FRBHE Potential of hydrogen; Tur: biYES Turbidity; DO 4R Dissolved oxygen; Cond: 52
LS Conductivity; Vel Jii# Flow velocity; Dep: TKIR Water depth
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FEEL(J) 1 Margalef ¥IFh 5 FEFE 50 (D) B9V {E 5351
1.66.0.82 F1 1.87, iX =il Z IR E A 2 F AW (P>0.05), H Pielou 45 BEHE 5 (J) 0
Margalef )70 4= & BEFEE0( D) 7225 (8] 73 A B B3 (P>0.05) , A A Shannon—Wiener Z MR R (H) 745 [7]
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Fig.2 Community structure of macroinvertebrates in Qiaobian

River
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2.3.1 AN RS A RE

P 4 W S0 R B AT S ) Sh RE B £ SR EA S - BE I 25 A8 A, DATRT e ] i £ 5 D RE AR AR AR N 2 B2 A
A BRI 2 R, R E BRI R KA 2B 65.9% , Hh BRAE 4 = v il i) B, 775 2= L i) B
Bline/IMH 25.8% ; BB T RANXT EBE N 29.0% , H B Z TR B, 7645 2= L IFT BOR 05 OB & A X =R
JERRRAE N 20.5% , HBRAE - 2 1 Uil BE, 76 2= v i i) B 1 B A/ IMEL 1.4% ; 3 803 AT B B i KA =
JERR I BB 2 LB, 3 90)R 32.6% Fl 36.0% , fie/IMELAR Y AR T F I BE, 7390 9 4 2219 1.6% FIF& 2= 11

1.0%,
®3 BFTHREEMEIVEBRELXBHREH
Table 3 Dominant species of functional feeding group of macroinvertebrates in each season
ThRe e e AR PRFAF BEY) HZE(Y) £ZE(Y)
Functional feeding groups Dominant species Spring Summer Winter
HEEH FC Filter-collectors VAR Corbicula fluminea 0.33 0.45 0.30
N Corbicula nitens 0.07 0.04 0.07
BT # SC Scrapers Ji A% JE 1% Semisulcospira cancellata 0.02 0.03 0.03
HEIABNZ Bellamya aeruginosa 0.09 0.06 0.11
BI% N Radix ovata 0.03 — —
1% PR Predators VA Calopterygidae 0.03 — —
¥ SH Shredders 5 UF Exopalaemon modestus 0.09 — —
W4E#E GC Gather-collectors HEAOPIFEIL Chironomus flaviplumus — — 0.03
N S I T 7 = = 10 S 2 o L Y W B X VAR
MR 58.0%, NBAE L F e R IBEA  2 B e e . 112
{5 47.3% ; BIEHAE 3 D FWMM FEEAKR, B 5 5 s 0,
ARSI 22.89% 71 20.5% , srloie &% 2 |If ls %
UE T MRS I 11.0%, MBUEA Tt £ |, 2
BT B 3.8% ; 7 04 AUl 204 iR AR 2 o . L
REA LA T Sh I 14.8% 1 11.6%  RUMEHEE  E £
2B, 550 3.9% M 7.8% . ® ’
2.3.2  ERERE AR "7l @ @ Q4 Q5 Q6 Q7 Q8

P 5 S i 1] R R AVG Sl 4y S RE 5t £ S A 4 JEE IS
2GR, B AR B T P I BOAT e R 181
A/m? TR R R W BOA /N BE 37 A/m? s TR
RBEEE R 76 A~/m® AL BUAE B = b i) B, 7/ 2
T B B O O 5 W B A B T U B e R

21 A/m? f/ N BEH BUE R 2 BRI B, O 4 A>/m? s 060 3 AR B 2 () B R BE A i AR R 2= B i B, 7
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Fig.3 Biodiversity indices of the macroinvertebrates community

in Qiaobian River
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HRRE M BAERZE N 52 N/m® & F M BUE/ME 30 D/m? O R ORE I BIE A 3, O 15 /m?,
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Fig.4 Spatiotemporal variation of relative abundance of functional feeding groups of macroinvertebrates

2.4 RIEMGS YD RESE R MEA S RGN
R 4 SR T IR IO AR A R G N CBY JEA Sh 4y Ik 23 A M5 R b 47 B8 0 B, 4 SRR U - A9 o
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Table 4 Spatiotemporal variation of eigenvalues in the ecosystem of functional feeding groups of macroinvertebrates

ETHREB RIS

Metrics based on functional i ‘:Pﬁﬁ?r T ﬁé Eé gé
feeding groups Upstream Midstream Downstream Spring Summer Winter
YIBAEH F1 12.96 55.97 45.27 51.85 42.13 29.63
Material cycling F2 0.14 0.42 0.44 0.44 0.32 0.35
F3 37.65 21.81 30.45 43.06 24.54 19.44
F4 39.06 43.87 33.58 46.20 41.20 26.02
VBTN i 1% BE S 81.48 125.93 86.01 109.26 119.44 70.83
Longitudinal transport F6 2.16 5.77 2.82 2.54 4.87 3.64
L7 HE TN F7 27.78 15.64 12.76 34.26 13.43 5.09
Lateral input F8 0.16 0.07 0.08 0.15 0.07 0.04
HE Others 9 0.30 0.12 0.12 0.29 0.10 0.06
F10 0.25 0.07 0.04 0.12 0.10 0.08
F11 6.51 8.34 4.31 10.74 6.58 5.17
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Fig.5 Spatiotemporal variation of density of functional feeding groups of macroinvertebrates
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