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Analysis of the relationship between the distribution of the macrozoobenthos community and nitrogen —

phosphorus factors and heavy metals in the Jiaxing river network

HUANG Ziyan'?, DU Shilin', ZHANG Yahui"', ZHANG Jin’, MENG Rui', HE Liansheng'

(1.Environmental Analysis and Testing Laboratory, Chinese Research Academy of Environmental Sciences , Beijing 100012, China; 2. Key
Laboratory of Water Pollution Control and Wastewater Resource of Anhui Province, College of Environment and Energy Engineering,
Anhui Jianzhu University , Hefei 230601, China)

Abstract: This study investigated the distribution characteristics of nitrogen, phosphorus, and heavy metals in water and surface sediments
of the Jiaxing river network and the associated response of macrobenthic fauna. Additionally, the seasonal variations of nitrogen,
phosphorus, and heavy metals in water and sediment of the Jiaxing river network were analyzed in March (normal season) and July (wet
season) of 2019. Based on the benthic survey data of the normal season and wet season, redundancy analysis (RDA) was applied to screen
the nitrogen—phosphorus factors and heavy metals (Cr, Cu, Ni, Pb, Zn, Cd, Hg, As) and assess the ecological health of the urban rivers. In
total, 18 species of macrobenthos, belonging to 3 phyla, 5 classes, and 14 families, were detected from the survey. There were 9 species of

annelids, 6 species of molluscs, and 3 species of arthropods. Bellamya and Limnodrilus hoffmeisteri are widely distributed. The zoobenthos
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community is characterized by simple structure, low species richness, and high pollution tolerance, and molluscs have the highest density

and frequency. RDA showed that total P and total N in surface water[TP(S), TN(S)], and total P in interstitial watex[TP(J)] were the main

factors influencing the spatial distribution and community structure differences of the benthos. The distribution characteristics of benthos

community structure corresponded well with the spatial distribution of water quality indexes. The density of molluscs was higher in the

areas with higher nitrogen and phosphorus contents. Correlation analysis between population density and heavy metal content showed that

TN (S) in surface water and TP (]) in interstitial water had greater effects on the density of benthos. The Pielou evenness index (J) was

significantly positively correlated with TN. Oligochaete density was positively correlated with Hg in the water, and molluscs were positively

correlated with Pb in the water. Molluscs were also positively correlated with Ni and Pb in sediments. The Shannon—Wiener diversity index

(H’), J, and Margalef richness index (d) were negatively correlated with the heavy metal content in sediments. Therefore, the community

structure and spatial distribution of zoobenthos have good correlations with nitrogen, phosphorus, and heavy metals, which can provide a

basis for the restoration and management of macrozoobenthos in the Jiaxing river network.

Keywords: Jiaxing urban river network; macrobenthos; nitrogen; phosphorus; heavy metal pollution
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Figure 1 Sampling sites distribution map of Jiaxing urban river network
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Figure 2 Spatial and temporal distribution of macrobenthos species number and density during normal and wet seasons
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KX B JTET KIS Cr Ni B2 B AR, F
KI5 Ph AR 2 TAH R 5 d 2P /KA Cr As
FIEF/KIA 5 Mn 2 B AR . AR A CATR

R2 BN AR EBSES KBRS RIE X E

Table 2 Correlation between nitrogen and phosphorus content in water and sediment and characteristics of macrobenthos

i H Ttem 7K Season TP(S) TN(S) TP(J)) TN(J)) TP(D) TN(D)
H' -7k 0.441 -0.131 0.160 -0.428 -0.076 -0.260
FKI -0.050 0.447 -0.121 0.072 0.140 0.160

J oK -0.372 -0.361 -0.389 0.667* 0.079 0.376
Fk 0.129 0.713%%* -0.175 0.093 -0.314 0.007

d oK 0.263 -0.279 -0.058 -0.198 -0.007 -0.214
FKI -0.126 0.107 -0.144 -0.029 0.297 0.084

TE *7E0.05 K- ORUB ) ARRHE R . 72 0.01 R CRUBARRHE R . R,

Note: * Significant correlation at 0.05 level (double—tailed ). ** Significant correlation at 0.01 level (double—tailed). The same below.

0.6 [ TP(])

A

0.8

B 5 FokH5 F KA THIAE - = B HE R E

Figure 5 Species environment-spatial arrangement in normal season and wet season
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Table 3 Correlation between heavy metal content in river water and characteristics of macrobenthos

i H Item /K Season Cr Mn Ni Cu Zn As cd Hg Pb
AR S PRI -0.127 -0.212 0.135 -0.195 -0.173 -0.648* — — -0.281
FIKH -0.262 -0.352 -0.239 0.414 -0.283 -0.086 -0.002 0.791%% -0.066
Wik Pk 0.207 0.468 -0.079 0.533 0.518 0.486 — — 0.864
FIKH -0.061 0.020 -0.055 -0.108 -0.100 0.100 -0.239 -0.099 0.011
Vs Pkl -0.020 0.257 -0.124 -0.103 -0.003 0.269 — — -0.061
Fki -0.097 -0.030 -0.108 -0.138 -0.155 0.055 -0.260 -0.071 -0.043
H' Sk 3 -0.289 -0.398 -0.171 -0.257 -0.568 -0.056 — — -0.598%
FK I 0.256 0.139 0.422 0.586* 0.275 0.550%* 0.339 0.302 0.348
J KA 0.159 0.554 -0.051 0.459 0.563 0.337 — — 0.929%*
FAKM 0.271 0.124 0.336 0.242 0.289 0.208 0.304 0.027 0.050
d K -0.265 -0.28 -0.233 -0.043 -0.451 0.060 — — -0.338
FoK 0.290 0.209 0.451 0.522% 0.285 0.618* 0.261 0.183 0.370
T — PR N O, RAEEAS i, IROG IR T3
Note :— indicates that the content is 0 and there is no variable, so it cannot be calculated.

R4 REMRYHPESESE BEEASNRIENS KB RENWEIEXE

Table 4 Correlation between heavy metal content, potential ecological risk index and characteristics of macrobenthos in surface sediments

I H Ttem 7K} Season Cr Mn Ni Cu Zn As cd Hg Pb RI™
HEK oK -0.16 0.388 -0.242 -0.168  -0.145 -0.064 0.437 -0.457 -0.383 0.184
FIK 0.140 0.470 -0.022 0.008 0.060 0.033 0.073 -0.089 -0.070 0.042
L7C N7 I O/ 0.703* 0.135 0.760%%  -0.045  0.093 0.140 -0.378 0.258 0.036 -0.205
. Fki 0.092 0.289 0.061 0.276 0.154 -0.046 -0.080 0.429 0.813%% 0.043
s ki -0.193 -0.338 -0.175 -0.169  -0.281 -0.415 -0.254 -0.088 -0.125 -0.309
. “FKi 0.130 0.317 0.061 0.320 0.214 0 -0.039 0.483 0.844% 0.089
H' KM -0.777%F -0.048  -0.764%F 0221  -0.241 -0.489 -0.218 -0.230 -0.105 -0.359
FAKM 0.101 -0.521% 0.136 -0.009  -0.094 0.235 0.145 -0.331 -0.188 0.051
J ok -0.849%%  —0.005  -0.909%*  0.016 0.107 0.074 -0.253 0.172 -0.072 -0.113
FoK -0.038 -0.202 0.061 -0.250  -0.300 0.097 0.085 -0.405 -0.752%% -0.032
d e ! -0.592% 0.045 -0.575 -0.262  -0.249  -0.582%  -0.376 -0.261 -0.082 -0.498
FKH 0.119 -0.615% 0.164 0.089  -0.023 0.209 0.100 -0.181 0.143 0.053
Y EESIBICR O LA AR BOR R A TN R 8 AT R B B R el EPT B LR A

PE(P>0.05) . SEREW], F2 240 M RS2 KRS RIZIT
R v B < s 1) N R AVG 3 ) 22 R 4 B
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