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Evaluation of water ecological health of urban rivers in Tianjin based on

macroinvertebrate biological integrity index
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Abstract; The Index of Biotic Integrity integrates the response characteristics of several individual indicators to
disturbances, thus offering has good indicator stability and response sensitivity in comprehensively evaluating the health
status of water ecosystems. There are many cases of water ecological health evaluation of natural rivers using the biotic
integrity index, but there are relatively few studies evaluating urban rivers due to the variability in water body characteristics

affecting indicator selection. Building on previous studies and considering the unique characteristics of urban rivers, this
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study incorporated functional diversity indicators, which reflect ecosystem functions, into the alternative index system,
constructed an index for evaluating the integrity of macroinvertebrates in urban rivers in Tianjin, and carried out the
evaluation of water ecological health. Based on the water ecology monitoring data from April and September 2023, the
changes in the macroinvertebrates community structure of urban rivers in Tianjin were analyzed between dry and water
abundant periods. The results showed that macroinvertebrates community composition exhibited significant seasonal
differences (ANOSIM; P=0.006, R=0.107), with species richness being higher in dry periods than in water abundant
periods. The number of species was higher in the dry period than in the abundant period for the pear-shaped ringed snail
=0.208, Y =0.045,

( Bellamya purificata, Y =0.192) , one species of ringed snail ( Bellamya sp., Y

Y

dry period

=0.033, Y

dry period abundant period

=0.074) , and one species of striated marsh snail ( Parafossarulus striatulus, Y

abundant period dry period abundant period

0.164). These species were all dominant, showing seasonal stability. In this study, the macroinvertebrate biological
integrity index (IBI) of urban rivers in Tianjin was constructed using the number of aquatic insect taxonomic units, the
BMWP index, functional richness, and functional differentiation as the core evaluation indexes. The evaluation results
reflect the importance of introducing functional parameters in the construction of biological integrity. In terms of spatial
distribution, the upper reaches of the river maintained better biotic integrity characteristics, while the middle and lower
reaches were generally affected due to anthropogenic interventions. In terms of seasonal variation, there were differences in
integrity changes in different areas, with reference sites having intact habitats, high vegetation cover, and high functional
diversity showing better resistance and resilience to external disturbances, and therefore experiencing less hydrological
disturbance. In contrast, impaired sites generally had reduced biological integrity. Both nutrient salts and organic pollution
affected the IBI index in both seasons, and hydrological changes were also important factors that should not be ignored for
macroinvertebrate communities during the abundant water period. The results provide a reference basis for the evaluation,
protection, and restoration of river ecosystems in Tianjin from the perspective of biological integrity, and also serve as a

reference for other similar river ecosystems.

Key Words: urban rivers; macroinvertebrates; index of biological integrity; functional diversity; seasonal variations
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TR R K, B2 9 A KA 5843 (hitp://www.news.en/2023-08/12/c_1129799936.him) , R &
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FIFHZERI LA AT R 3, 7 bk 3 88% LA (I 1) .

40°N
T
|
40°N

e B
T A
Bt
[ [pis:il 7

R
N
[ S
Tt
0 24.5km = L i
L — KT NRR

117° 118°E

39°
T
39°

Bl REWETIARAKESEE RS E R F AR E

Fig.1 Distribution of urban river water ecology survey sites and land use types in Tianjin
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(£ 1), RIRIE—F FUEIMRIR SR BN (ILHE =0.02) o /TR AL K BUR BRI S 21
F SRR T 317 14 BL 16 J&, RURRE BGIR A E iR 2 2970 3 Fb HE 15% , IWRTYJRAN S it ik ok & (%
1), IR —Fh BUR IR G5 IR 4 (O I SR O USSRt (E3E =0.02) ,

R1 RERESFNEBHHZIHES

Table 1 Seasonal differences in dominant species of macroinvertebrates

P Fh it 7K S0 e A oK e A

Dominant species Degree of dominance in dry periods Degree of dominance in water abundant periods
FULHWIE Bellamya purificata 0.208 0.192

SRR Parafossarulus striatulus 0.045 0.074

IR IZ)E —Fh Bellamya sp. 0.033 0.163

HEEIEIZ Bellamya aeruginosa — 0.095

HEVG KT Palaemon serrifer — 0.088

MR B E |, WK KBRS B (CG) MR (SC) &2, 20 5 42.9% 25.7% , Hk
EEE (PR) MIEEWEEE (CF) , 705t 20% 1 8.6% ; WA 1G MR A, 7R #H (BU) £, ik h & k&
(SP) [ (CN) ZEE (CB) , 409k . 28.6% .25.7% 22.9% 17.1% . F/KIH KA S HI £ % (SC)
HHHE % (PR) &L, ¥ 5 L 35% , Hk & BRI & (CC) FIE U EE & (CF) , 439 5 L 25% 1 5% ; N/ T
SJMRE B (SP) MECH (CB) 2, ¥ 5 1 30%, ik WEEH (CB) [ [EHFH (CN), 43515 H
25% 15%.,

M NMDS 43#7 il ANOSIM AT 25 Kok B (& 3) , AN 2345 (1 K IR JEC WG 3h 400 B 7 21 B 25 57 W8 3% ( Stress =
0.155, P=0.006, R=0.107) ,

, R=0.107
2 L : P =0.006
: FEHff = 0.155
Kok
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~ FK N ;
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Fig.3 Differences in macroinvertebrate community composition between seasons
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Table 2 Basis for determining reference points

2% 15 G I FE R i i BN
Reference points Rivers Water quality class Vegetation cover Habitat assessment

T3 YA I =0.6 R1F

T10 B |ES =0.6 R

T12 0] IS =0.6 R

T17 FA J|ES =0.6 RUf

TR, T3 B KL 3 5 di s, A2t

2.4 HBIRE S 53 Hr

K AR 1Q =2 AYFEFR M1 M3 M5 M6 M7 M9 M19 M23 M25 M30 M36 M38 M39 M40,

FKW AR 1Q=2 AYFEAR . M1 M5 M16 M18 M23 M24 M33 M35 M36 M37 M38 M41 M42,
2.5 FHRMESH Y

HiZKHA M1 M9 M19 M23 HIAH MR E (17150.75) , M23( BMWP 1543 $l & B 2 iR B 2pE .,
TLMRAR . M3 I MS B SCHER S (171>0.75) , PIE AR 2R WA RE VR 4 A =5 8 BE 4845, MS (K AR R a2
BATTH) N2 T LR . M36 . M38 \M39 M40 ARG E (1r1>0.75) , U8R A D g ZAE R84,
PR IZ 0 M36( THREFE ) . M25 5 M30 OGS R (1r1>0.75) , 3 ¥ 0 I B V5 D RE 4Lk i)
Fabr, TR B ARz 0 M25 ( AR FE MRS E 73 Lh) o BB AR bR M5 M23 \M25 \M36,

£ 3 FHKE IBILEEESH

Table 3 Dry season IBI correlation analysis

M1 M3 M5 M6 M7 M9 M19 M23 M25 M30 M36 M38 M39 M40
M1 1.000
M3 0.443 1.000
M5 0.461 0.939 1.000
M6 0.740 -0.119 -0.125 1.000
M7 0.740 -0.119 -0.125 1.000 1.000
M9 0.923 0.358 0372 0.674  0.674 1.000
MI19 0.972  0.419 0.410 0.760  0.760  0.909 1.000
M23 0.978 0.333 0378 0.793  0.793 0.878 0.926 1.000
M25 0.099  0.357 0.353 -0.203 -0.203 0.192  0.049  0.078 1.000
M30 -0.027 0.136  0.161 -0.160 -0.160  0.027 -0.023 -0.034  0.890 1.000
M36 0.583 0.490  0.630  0.099  0.099  0.595 0.472  0.550  0.462  0.249 1.000
M38 0.502  0.427 0507 0.010 0.010 0.551 0.384  0.465 0.474 0216  0.917 1.000
M39 0.565 0.514  0.554  0.038  0.038  0.638 0.486  0.510 0.684  0.428 0.829  0.849 1.000
M40 0.577 0.529  0.581 0.039  0.039  0.605 0.480 0.536  0.637 0.380 0.878 0.875  0.981 1.000

M: Metrics, fUFRA R RYFEAR , IBI: LWy 58 8Pk 1 4

K M18 M36 M41 15 5 Z MR FRAHICHERGR (1r1>0.75)  TUARE R R I 5Bk, M1 5 M23 AH5CHE
B, M1 BV BRI H0) Ry R Wl = 5 B AL i 76 4 , M23 ( BMWP 15353 ) S e BRRE % T 32 14 R F8  , I
Bew BT A M5, IILOR B M23, M37 Fil M38 AHOCTER S (171>0.75) , & B W Ui Re ZHEvEdE bR, R4 T
AERLRAE S, RO B — M38, M16 5 M33 M42 AHOCHEEGE (171>0.75) ,M16 (KA B MRS A 73 L)
WRTREPR ZE A, T M33 M42 [ W4 A S RELE A, e M33 {88 . M24 5 M35 MIEMEAETs (101>0.75) , &1
RUIRERFE T bR, M33 FIl M35 S WAl 807 U e bn , © A M33, R 8 M24, &0 R ARl M5,
M23 M24 M33 M38,
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Table 4 Wet season IBI correlation analysis

M1 M5 M16 M18 M23 M24 M33 M35 M36 M37 M38 M41 M42
M1 1.000
M5 0.444 1.000

M16 0.023 0.604 1.000

MI18 0.494 0.726 0.120 1.000

M23 0.921 0.576 0.055 0.652 1.000

M24 0.275 0.745 0.371 0.781 0.422 1.000

M33 -0.023 -0.604 -1.000 -0.120 -0.055 -0.371 1.000

M35 0.238 0.741 0.389 0.772 0.401 0.981  -0.389 1.000

M36 0.399 0.776 0.241 0.901 0.586 0.840  -0.241 0.810 1.000

M37 0.472 0.737 0.202 0.823 0.574 0.736  -0.202 0.701 0.906 1.000

M38 0.520 0.699 0.166 0.703 0.576 0.547 -0.166 0.528 0.744 0.944 1.000

M41 -0.276  -0.770 -0.377 -0.816 -0.452 -0.943 0.377 -0975 -0.826 -0.708  -0.549 1.000
M42 -0.025 -0.639 -0971 -0.188 -0.084 -0.440 0.971 -0.464 -0.331 -0.269 -0.213 0.421 1.000

2.6 ZRIHE KRAE

ARG R AE AT 1L 3 A3 B0 SR E 353023 3, %o T Bl 03 s U AR i 2 5, DU A 4
TR LAY 9590 73 3r BOCR S AR YT R, o B P4 i T BB I 9 280, LUHAE 28 s LAY 59 731 KO 0 2R
fE, iR AX I

XII
X =
! X0
XmBX - Xll
X, ="
Xmax - Xo.os
G3 SRAG KB RN “F oK S A8 F8 R B 40 BT SR AT B A sSUAL 8y IBIAE, Siik 45 5 36 B W 245 SR 4 8y mf

FE(E4),
2.7 IBI 45 550#7

BT (1) IBT 25 R Ak I 5 A s s R, 5 L 26.3% , AR L35 4 AN a5 0r, 28— fi
B R 3 A AL, A T 21.1% 21.1% (15.8% 15.8% , FKBIA0E B 4 2509 S0 4 AN 21% ,— %
H 3 A4 15.8% K IHPE AR UL F K 22— TR I AR 7K 00 48 SRR A -, vl /K 0 e 24 o 1 4
PR M5 (KA B HUPRERITEL) M23 (BMWP 15353 ) (M25 ( L HMUEE B A EA 20 1) M36 (ZhREFE ) .
P B LM 5E BUFE AR N - M5 (KA B /PSR BATTEL) M23 (BMWP 4573 ) \M24 (i & & MK 40 tE) (M33
(KA HOMARECE 40 L) M38(TIRET SR ) o SE T REALARMAR AL & BUFZ ) IB1 (1% 7K 4% 2 o SR A7 AE
225 (B S) Rk I ZEHEA AT = AR 2 A S IR AR T 45 i R T K M I HE AL R = R
A BAE LB,

K TR =E A A PR BT S 0 1 08 b 3 22 5 MK IR O S T 1k o T of K R 25 SR 1 3 Aok 0] IBI 753
S ESHEE R FEAR B E M (R=0.38, P=0.099) , 5H%F B B4 IEAE(R=0.46, P=0.041) , F/K5
B F M (R=-0.11, P=0.66) FIIEF P (R=-0.18, P=0.47) XA B EME (K 6), M IBI 25 [E] 431
KF (B 7)), MZER S RARE BRI 22 5 o Ak 3] IBT 2520340 Jg 1 LAY 32 B4 vh e Y] 838 ] | 1 13
FEA2 T Y L0, AACE AT ERTR] B VD] ) A i  — R 22 T A v A i A Tl A R i RN IR MR YA
GEIRCINES I N S & V) B AR 2 oy WSS E R U R ¢ e | s § S M M I RIS TR BT IS B2 R TN 3]
IE AR Iz Y 3 W RIS HETS I B R  — RN 25 T AR PR RS I AR AT TRl i s
AT FHTT R Az AT R R U
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Fig.4 illustrates the validation of IBI results for two seasons
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Fig.5 illustrates the contribution of water quality variables to IBI based on random forests
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Fig.6 illustrates the relationship between IBI and environmental heterogeneity, as well as community heterogeneity, in both seasons
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Fig.7 displays the spatial distribution of IBI during two seasons
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