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Habitat suitability of macroinvertebrates: a case study in Qiaobian River, a

tributary of Yangtze River, China
SU Yifan, LI Weiming” , LI Jinjing, SUN Xuyang, HU Wei
College of Hydropower and Environment Engineering, China Three Gorges University, Yichang 443002, China

Abstract; The health of the Yangtze River Basin is threatened by increasing hydropower development and human activities.
How to properly diagnose river has become a global concern. Constructing high accuracy and strong applicability habitat
suitability assessment model to evaluate river habitat health statue can provide theoretical basis for habitat quality assessment
and habitat restoration in rivers. In this paper, the habitat suitability of macroinvertebrates in Qiaobian River, a tributary of
the Yangtze, China was evaluated by investigating the distribution of macroinvertebrates, chemical and physical parameters
during January and April, 2019. Base on macroinvertebrate habitat suitability, the key habitat factors were screened by
Canonical correlation analysis ( CCA) and Independent analysis ( Pearson correlation analysis and Spearman correlation
analysis). Suitability curves were determined by Generalized Additive Model ( GAM ) and Polynomial Fitting Model
(PFM). The results indicated that: (1) five factors, including COD,, , total nitrogen (TN), dissolved oxygen (DO),
turbidity and water depth, had significant effects on Corbicula fluminea, the dominant species of Qiaobian River. The
Corbicula fluminea was negatively correlated with COD,, , TN, turbidity and water depth and positively correlated with DO.
(2) Most suitable COD,, of 1.228 mg/L, TN of 0.269 mg/L, DO of 11.170 mg/L, water depth of 0.300m and turbidity of
1.130 NTU. (3) While both methods were applicable in the case of linear fitting, Generalized Additive Model is better than

Polynomial Fitting Model in the case of nonlinear fitting, and the GAM can avoid the over-fitting phenomenon in the process
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of polynomial fitting when dealing with data sets with large discretization degree. The research shows that the GAM can more
accurately and reasonably simulate the relationship between habitat factors and biological selection, which has important

practical significance for river habitat quality evaluation and habitat restoration.

Key Words: macroinvertebrates; generalized additive model; polynomial curve fitting; habitat suitability
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JKAE AR ) AR BRI BRI O vk MR 22 (B I A% S, Ao P B — 190 A Ml A R R 3 oy 1 ) ) L
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Fig.1 Distribution of sampling points in Qiaobian River
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K, ¢, WEZIAIE REL
I AN ( GAM) [ — A 32
gu(Y)) =B, +fi(x) +.. +f,(x,) (3)
K, g() RECHERRE, w(Y) Y IR, g, MR, £,() RAESEOLH L,
FIFH Origin 9 #4720 CHLE , FIH R 844 (version 3.3.2) f“ mgev” T EALVEFT GAM 43 #7 , Fefli B i Ak
5 S Excel 2016 H5EAL,

2 #R

2.1 RS RS BN
2.1.1 RSP AL

AR AR MY 1152 3% KB T 3115 9198, HiwiashimiaZ, b5 SV En 68.4%,
HYN AR Y, b SRR 26.3% 015D, 5 SR 5.3% ., IRFEETR BT AE R Bos , Brih
W E BRI A B EOPIFRI R ik R TR H MR RO IR, A AR AR 4
A ULER 1, B PIRR Iy b R VA | B TRUBR A B N R B A TRk IR T
WIS B, BT WRAE TR A DX A B, A58 AT R 6 s A T 5T

®1 HHARBEFHSH

Table 1 Distribution of dominant species in Qiaobian River

Y4 SKAE 15 25 Sampling point

Species sl S2 s3 S4 S5 S6 s7 S8
PRI Chironomus flaviplumus vV Vv vV

B GRS Tlyoplax deschampsi V4 V4 Vi
FARAEVAE Semisulcospira cancellata Vv vV vV V4

[FTREREE Unio douglasiae Vv vV V4

B M Radix auricularia vV vV vV

FUIEABIR Bellamya purificata 2 vV VvV Vv

AR Corbicula fluminea Vv vV Vv Vv vV Vv Vv Vv

T

1) “V"FREHARIERES I 2) S1—S8 H Rt s,

212 AEHT

B KRS AE B I F I G 25 R L3R 2 SRR, M 0] it 3 A SR B4 TN (TP -3 43 501 Ay
0.470.,0.078 mg/L, At GB 3838—2002 11 ZSHRuEFRAE , {HJmSih DX (9 AR BRI AL 2 TN e KM (1.064
mg/L) #id GB 3838—2002 Il Z4ARMEBR(E 2 f5 L4 |, NO,-N 5 TP A RAG W T 11 2BARvERRAE . HF i
WREARIRA K S b T7 o 8 SRR, K TR-AY 0.2 m B l{n] R FoRi A 25 18] S B W ek, MR 2
YYD Ry T R X ST RJES B LABRBR A R, Dy 7E 50 mm A2 47,
2.2 AL T SR S 0 DG

JERGS YR 54622 1 CCA 43 Fr W36 3 51 2, B pufh iy 78 SRR ERR 47.72% , 5255 RO K 1
(n=499) X A T4 B EPEE L(P<0.05) . 558 ZHE P BliAH M8 m 194627 A TN \NO,-N \NH,-N |
CODy, .pH.DO, TN ,NO;-N NH,-N COD,, 5% — )7l @ 3 7 5C, pH, DO 5% —HF /vl 2 W 2 A
Ko ARBFRILE DO pH RSB WIS DO S IEM S M5 TN NO,-N NH,-N ,COD,,, i3 ffi Fkili
i, TATHE L K e PR B AR OG
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Table 2 Values of habitat factor in Qiaobian River
AT FHE H/ME RRE
Habitat factors Mean Minimum Maximum

Ab22 T Chemical factor TN/ (mg/L) 0.470 0.232 1.064
NO;-N/(mg/L) 0.350 0.185 0.695

NH,-N/(mg/L) 0.041 0.011 0.124

TP/ (mg/L) 0.078 0.013 0.168

PO} /(mg/L) 0.017 0.005 0.032

CODy,/ (mg/L) 1.831 1.058 2.413

DO/ (mg/L) 11.813 11.000 12.710

pH 8.230 7.860 8.660

HJPLA T Physical factor  Tur/NTU 11.073 0.530 41.740
Tem/C 9.673 7.680 11.540

Vel/(m/s) 0.781 0.250 1.600

Dep/m 0.929 0.200 2.100

Dy, /mm 17.896 0.054 61.321

TN: B4, Total nitrogen; NO;-N: fil§ % &, Nitrate ; ; NH,-N: AR, Ammonium; TP ; 5B, Total phosphorus ; PO

CODy,, : 2= 75 % & , Chemical oxygen demand ; DO ;¥ fi# 4, Dissolved oxygen; pH: &

Tem ;Y& , Temperature ; Vel : Jiii# , Flow velocity ; Dep : /KIR , Water depth; Dy, : 71 PR E K4, Median bed size

®3 WEET CCAHXME
Table 3 Weighted correlation of chemical variables with CCA

: IEWE AR 18, Orthophosphate

S T UK 45 5L, Hydrogen ion concentration ; Tur: # B , Turbidity ;

b2 T Bl 1 %l 2 2z ¥ %l 1 L)

Chemical factor Axisl Axis2 Chemical factor Axisl Axis2
TN -0.460 -0.501 PO -0.356 -0.095
NO,-N -0.521 -0.543 CODy, -0.754 -0.556
NH,-N -0.529 -0.482 pH 0.380 0.611
TP -0.177 -0.079 DO 0.392 0.489

2.3 WyHLN T S JERAN S R S

JEEA S Py b 5 B 5 ) B LA IR 4 T8 3 T DUl A S SRR R 67.4% SRR PR
5 (n=499) XF P A A VR X (P<0.05) . 558 —HEFMAR SRR R AN T4 Dy, \Dep Tur, Tem 5
B — B R A SR R (S — Rl A R AR AL A STHRAR RS /N, BT LA Tem B TTHREL/N . LRI S
Dy Dep Tur (54 54 , WIS XS TR B 7 RS R
x4 YEET CCAMEXMN
Table 4 Weighted correlation of physical variables with CCA
EU S i1 fih 2 YA T il 1 fih 2
Physical factor Axisl Axis2 Physical factor Axisl Axis2
Vel 0.263 -0.199 Tem 0.503 -0.144
D5 -0.358 -0.691 Tur -0.262 -0.532
Dep -0.475 0.708

2.4 BT TS5 A Sl e G R

Xt AEBE R FEA TS AT, 1 SE AT K-S RS, X AF & IE A0 U HE FREAT Pearson #HC 4T, X
REFE LB FEFRIEAT Spearman HIEAIHT, IAHSE R B R1>0.75 R IAME MM HIas RILE S,
KB T, COD,, 5 NH,-N TN 5 NO,-N TN 5 NH,-N #H ¢ ZEcH 85t 0.75, A B S A G, % T8
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P Z i3tk HIER NH,-N 5 NO,-N;pH 5 DO f7AE 5 = A G Bt il i i pH 22 53 B2 AN g, [N I B pH
T BB T, Dy, 5 Tur Ml Dep Z [BIFF7EA R BYAHSCHE , IHLAIBR Dy, .

FIH Z 3G R SO AL 2 2h i 5
ABHEFRRBECR UAERILE 4, BT Tur £1
PR S Bt KSR Mg (oo 1) AT IR AL B, o W) i
& H COD,, &4 1.228 mg/L, fi& H A TN &K
0.269 mg/L, il B 1Y DO F &~ 11.170 mg/L, il B
Y Tur "4 1.130 NTU , i BHJ Dep 4 0.3 m,

3 e

3.1 4S£EEEMEETLE

GAM J~ U PERLRY 5 4t 22 T =400 G B R g 400
GERNF LW 6, COD,, TN Tur Dep LA 45 B8
GAM J SUBMAAR AR F4% Gt 22 10 2400 A A 10 | JE 2Rk
PIAESL T GAM |~ SUnPERE B 40 A 45 B 48 4 DO #E
PIEER B oRPIR T B R KBUEIT, 20 4 45
BALT GAM #UAZER, ML GBI T 205 25
T, TN A S5 R W H0, GAM #UA 25 Rk,
ZIAI G S5 R BB A O, TN &2 T 0.65—1.00
mg/L B A S8 BOE B, 20 A A
MRAE Tur A& P UA KR, ZHE I HKAE
A RE A S M8 R B R ek Y
H T LA P A Sk R 50 o 1 B 2 i 2 ) A A 5 4
GERG, F, 23X UE I EARRE R R, |
SCARE AR PRG35 1 AT A B A e T ST e v |
V2 0 T B A 2 R AL AR TC B HE S DL
I A3 A T 27280 Myers 2612 BFSY 3, 22k ik
AU BEAR AT RAE W) Tl 55 45 K7 AH G PRI, GAM. S5 45
RUAT DA T A AR, (L F5 VR R GAM A7 uf DL dy s 2L
AP B ), AHESE B, RIS RO T P
FrBAE A AR B A S BL T GAM 7 SUN AR 7 45
TG WIS B, H GAM 8 78 4b B B R
FER A B A2 B, AT RAAR G ) Mk 22 3 2048 A i R o
M EE IS
3.2 BT 5 RKARWICEHE Pk R

CCA HEF 5 Pearson FHICPEHTEE R BIR , 5 AR
TLIAT R JEE AT T A B 0 3 A B o i ) A
A COD,,, TN DO Tur Dep, COD,, TN Tur Fll Dep 5
R[4 23 A B G 96 56 2R, DO 5 0] I 4 43 A 3 1
HAXEXR, AMaEREGE¥XMENMWIFRER

0.8
SP3 pH
a DO
SP4 A
SP8 | & SP9
A
PO, 3- TP
4 / SP7
P g
SP1 ASP10
A
NH, sP2
06 CODpy, NO;-N
-1.0 1.0

B2 Z=EF CCAHFE
Fig.2 Canonical correspond analysis of chemical factors

SP1 & Chironomus flaviplumus ; SP2 4 Ilyoplax deschampsi; SP3
Semisulcospira cancellata; SP4 K Unio douglasiae ; SP5 N Radix
auricularia ; SP6 K Bellamya purificata; SPT N Corbicula fluminea
SP8 N Corophium acherusicum costa ; SP9H Chinese white prawn ; S10
M Bellamya aeruginosa; TN ; &%, Total nitrogen; NO;-N: i &5 4,
Nitrate; NH,-N: #% 2% &, Ammonium; TP &, Total phosphorus;
PO,-P . IE M B2 3k, Orthophosphate ; COD,, : £ 2% 75 %8 2, Chemical
oxygen demand; DO ; ¥ fifit 48, Dissolved oxygen; pH: & B T ¥k £ 15
%, Hydrogen ion concentration

0.8
A
SPl SP9
SP5
A
Sp7 Tem
ASP8 N
A a SP10
SP6 a
A
A
Tur
Dep
-0.8 Dso
-0.6 1.0

B3 IYETF CCAHFE
Fig.3 Canonical correspond analysis of physical factors

SP1 N Chironomus flaviplumus ; SP2 “A Ilyoplax deschampsi; SP3 4
Semisulcospira cancellata; SP4 J Unio douglasiae; SP5 K Radix
auricularia ;SP6 A Bellamya purificata; SP7 A Corbicula fluminea. ;
SP8 & Corophium acherusicum costa ; SP9 A Chinese white prawn ;S10
A Bellamya aeruginosa..; Tur; Y &, Turbidity; Tem. & J,
Temperature ; Vel ; Ji 34, Flow velocity; Dep: /K ¥, Water depth; Ds,
I PR FPERIAS , Median bed size
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Fig.4 Membership degree of habitat factors in Qiaobian River

2

COD,, 2 I 52 T JA L) 5 o A T AR | 2 BN AT ¥ S A A M R K B A 5 LA R R Kk Ak
R TR T SO A A 5 2 3 0L A R 45 SR AR VT I S ) R EL COD,,
1.228 mg/L, Z I UG 45 W os il AR Bl B RES COD,, THE A, 2 COD,, it 2.159 mg/LL i)yl
A S EE A R O, T W 2240 A T i 30 R, Sl Tl K HRTS 11 5K AR B RIS 11 K 4K COD,,, 55 o)
T KRB AR B R BRI B AT ST 7K 3k COD,,, 38 /8, VT A B30 B vk S SRR AIG ) SO AR f
8,2 CODy, JHE 1.6—1.8 mg/L I, T ML AR 5038 PP W 35T — S D 2% , 73 R BRI vl RE 5 T L& — Fof v
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JEM SR — @R . RIS HESh P 5 (04550 R W5 1208 6—8 (&0 10 73) , AT LA
TE— 58 75 Ye R v AR A7 ) | HL— 2 R BEE 1T /K T LAy el 4R (2 7= B A AL, PR 3 R PRS0 485 2R
PRI Bl SR R 1) COD y, HTH XS T a0 i) £ 7 A 1% 52 I 2 ) 3kl A

x5 HEXIWER

Table 5 Results of Spearman and Pearson correlation analysis

TiH

Projects CODy,, TN NO,-N NH,-N pH DO Tur Dy, Dep
COD,, 1.000 a

TN 0.721a*" 1.000a

NO;-N 0.724a*" 0.967a** 1.000a

NH,-N 0.824a** 0.811a*" 0.826a** 1.000a

pH -0.201a -0.182a -0.191a 0.658a 1.000a

DO -0.324a -0.243a -0.286a -0.287a 0.767a** 1.000a

Tur -0.165b 0.361b 0.293b 0.397b -0.241b -0.273b 1.000b

Dy, -0.134b 0.397b 0.231b 0.296h -0.283b -0.237b 0.773b** 1.000b

Dep -0.309b -0.244b -0.189b -0.155b 0.299h -0.585b 0.719b**  0.785b** 1.000b

a ZE78 Pearson *Hjtl‘q:ﬁﬁ,b TR Spearman *ﬁjﬁ‘ﬁ:ﬁ’*ﬁ, * IR P<0.01

x6 REEXLSH

Table 6 Comparative analysis of membership degree

I H Projects CODy, TN DO Tur Dep
ZHAE R

Polynomial fitting model R*

GAM #14 R?

Generalized additive model R?

0.953 0.914 0.983 0.749 0.832

0.986 0.945 0.982 0.984 0.893

TN S A B & S R B Z 20 T SO R 5 2235 A0l A AR R 25 5 R | A7 20 9] 3 3l T
WA IS L TN 2R 0.269 mg/L, 2L A 45 R WoRbiE TP F i A 35558 FvE ORI, AKiRH N
SEEFRY Y i 2 S BOK IR E IR, IR A S RS, S B — R B Y R R
A JECATS TG HE Sh P A 2507, IR Sh P i AR R BT KA R B R o Sk S A ) A, 23 THFEZK
IR SRR s A K Y ST IA 255 Y TN T+ & 0.8—1.0 mg/L i, T 08 A= 5638 77 1 Hh B —
FERRFE R X AT RE SIS B WEE A — B R . UAIRE ML 2 0, KR v (R S e % R R B v Y
ARG 0 E R m IR 7, et 7 e ) W WA S HAE A — e $e Tt

DO JE7K A AE g LA A R ZE AR A PR 7 22— KA DO 1Y 2 ZER R S K A= A= Wy ) 48 B L B0 5 A i
W, T SOMPEBIR 554 2 WA A B EE R WK 3 S Y Bl B DO R 11.170 mg/L, #f
IR DO AL T &5 TR A K A B, H—@ S DO (3G &, W AR 5535 TR A i — D3R TR
TR A5 S AR R ATG Sl i ] L B R FH K B i S A T AR R I, DO SR TR AR B8 A 1) R IR S R R 2
—, R AR B S BV S DO 2 A OG5 —Jr T, DO AYBE N T LA R K A4 A Bm Akt AR 0 I A IR
b BHERER A S AE RO AN B VR R AR U, D5 T AT A ) R R KU 0 T B R A B D
R NNREe 7/ R e S TSR CIL N BB SN

IKGRIEBIF 5T I R JC A Sl 2B B3 B I 8 R 7 22—, — A B 2 K R I B 0, IS s P v
W SRR R R MR AR R AT G ME B 4 AR B R B A R, K IR R 5 AT A 5 T e A
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