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Abstract: Lake Dongting is the second-largest and Yangtze-connected freshwater lake in China, maintaining the wetland ecosystem
health. However, in recent decades, the deterioration of water quality is increasingly threatening the lake ecosystem health. Previ-
ous studies related to the bioassessment of the aquatic ecological condition using the macrobenthic fauna focused on the effects of
deterioration of water quality on the benthic natural community structures, instead of its community functioning, especially at a long
time scale. Thus, the present study analyzed the water quality and macrozoobenthic faunal data of the lake in the past thirty years to
detect the mechanisms of variances of functional structures underlying the deterioration of water quality. Our results showed that to-
tal nitrogen remains the main stressor affecting the changes of taxonomic and functional structures in macrobenthic fauna. In addi-
tion, degraded water environmental condition determined the changes of taxonomic and functional structures in the macrozoob-
enthos , showing the decreases in the proportion of sensitive aquatic insects and increases in the proportion of oligochaetes and small
mollusks, accompanying by decreasing in the trait category values of 1.00~1.99 em, dorsal flat, lateral flat, no mobility, etc. Mo-

reover, the accumulation of aquatic pollution decreased taxa richness, functional richness, and Rao’s Q diversity. Results of
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dbRDA showed that nitrogen, heavy metals, and inorganic/organic pollutants jointly determined the variation of macrobenthic taxo-
nomic structure, while nitrogen and inorganic/ organic pollutants dominated the variation of its functional structure. According to the
deteriorated water quality of the lake, a set of measures are proposed in the present study, including treatment of domestic sewage
and industrial wastewater discharged directly into the lake, banning illegal sand mining in the lake area, and maintaining the natu-
ral water level in dry season. In terms of bioassessment and monitoring, we suggest that the taxonomic and functional community
structure in macrozoobenthos should be incorporated into the bioassessment framework. If assess the effects of the deteriorated water
quality of large shallow lakes with short periods of water exchange on the macrozoobenthos taxonomic and functional diversity, the
taxa richness, functional richness, Rao’s quadratic entropy coefficient indices are recommended.
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Fig.1 Spatial location of sampling sites in Lake Dongting
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Tab.1 Functional trait classification of macrozoobenthos in Lake Dongting
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Tab.2 Dynamics of water quality variables during the past three decades in Lake Dongting

e 1988 — 1993 4 1994— 2005 4 2006— 2017 4 F {4 P1{H

KR/ °C 18.63+2.82 19.07+2.71 18.59+1.04 0.178 0.837
pH 7.59+0.20° 7.70£0.19" 7.77+0.15" 11.627 <0.001
A 4E/ (mg/L) 8.70+1.39° 8.02+0.60" 7.77+0.56° 14.558 <0.001
B /m 0.39+0.15 0.48+0.45 0.45+0.11 1.810 0.167
% o/ (pg/m®) 615.8+1253.8* 379.4+637.2° 1944.3+2168.4" 10.902 <0.001
COD,/ (mg/L) 1.73+0.80" 4.32+4.56" 10.25+3.02° 99.296 <0.001
BOD,/(mg/L) 0.36+0.41° 1.08+0.40" 1.78+0.38° 149.158 <0.001
TN/ (mg/L) 1.09+0.20* 1.18+0.27* 1.66+0.38" 50.635 <0.001
TP/ (mg/L) 0.11£0.13 0.110.08 0.10£0.03 0.425 0.624
NH;-N/(mg/1.) 0.20+0.14* 0.25+0.13% 0.28+0.13" 3.987 0.021

Cu/(pg/L) 3.73+2.38° 8.48+3.64" 8.18+2.89" 29.575 <0.001
Zn/ (pg/L) 9.67+7.03" 13.87+10.50" 13.59£9.35¢ 5.276 0.006
Se/ (pg/L) 0.20+0.10* 0.43+0.38" 0.63+0.35" 18.715 <0.001
As/(pg/L) 1.60+1.21° 3.55+1.53" 3.30+1.62" 28.166 <0.001
Hg/ (pe/L) 0.08+0.08" 0.02+0.01" 0.02+0.01° 29.725 <0.001
Cd/ (pg/L) 0.10£0.08" 0.33+0.31" 0.32+0.46" 5.701 0.004
"/ (ng/L) 1.52+0.50* 1.38+0.67° 3.29+0.91" 124.852 <0.001
Pb/(pg/L) 24.54+119.53 3.49+2.26 2.53+0.72 3.113 0.057
FALY/ (ne/L) 7.91+16.54* 95.86+137.77" 227.99+45.67° 107.737 <0.001
A/ (/L) 1.52+0.51* 1.88+0.56" 3.02+1.09° 40.990 <0.001
WAL/ (png/L) 5.66+4.58° 7.13£3.79* 12.83+8.33" 9.874 <0.001
R/ (pg/L) 1.24+0.74 1.11+0.26" 1.43+0.59" 3.126 0.047
R IE MR/ (neg/L) 5.66+4.58" 15.01£12.53" 24.07£12.54° 59.448 <0.001
Fim/ (pg/L) 80.66+ 106.14 13.66+9.86" 26.75+18.37" 13.151 <0.001
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Fig.2 The CAP plots of total water environment (a), taxonomic (b) and functional community structure (c)

of macrozoobenthos during 1988-2016 in Lake Dongting
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Tab.3 Dynamics of dominant taxa and functional trait categories in the macrobenthic community in Lake Dongting

J. Lake Sci. (#:#F3),2021,33(1)

3 I B WA Sh A L R i 22 Al

AR R/ %
LUE R P T 4
1988 — 1993 4f 1994— 2005 4 2006— 2016 4
K225 JE 1 Fh Limnodrilus sp. — — 12.6
FEARIE| R 1 Fp Branchiura sp. 7.4 13.9 16.8
R IB)E 1 A Bellamya sp. — _ 10.0
LU Corbicula sp. 12.0 12.9 18.5
kAR 1R Neureclipsis sp. 7.4 — —
BRPEmE 1 Fh Cryptochironomussp. 10.0 11.5 6.6
WPEFENURE 1 Fp Stictochironomus sp. — 9.0 —
EALIYERW Gammarus sp. 11.9 7.5 —
2.3 ThEEBE R L

CAP 3 Hrafi SR W, WA I 18] F) 354 in 406 20 ) 1) S RE ARV 4k e 2 T e 35284 (o (Q_m'HQ_m) =
0.523,P=0.001, 5] 2). FPIZRT7 225007 WoR , 25 DRI A 14 DPERZEBIMETE 3 I 2 8] 477 1
F2E5(P<0.05,3% 4) . 78 14 WL 2% 22 A MRR IS AR 1.00~ 1.99 em 75 22 0 22 AN H%
2y SRFSBIRE ST ORGRE UikE A2 B O PRIRE R BT R R, TR 3.00~5.99 em R K >
6.00 cm | [AIHERY S5 RE SN HE ST BEIEH A2 PR S B B BT 94 (P<0.05, 3% 4) . LA, it —
B D REEARZIE S X 7K TR 5828 A B i S AN 8RR (P>0.05, % 4)

2 4 T WA S W eV D RE PR AT S E f s 8] 2078

Tab.4 Temporal dynamics of trait category CWM values in the macrozoobenthic community in Lake Dongting

PEARZE B 1988 — 1993 4 1994— 2005 4f: 2006— 2016 4f: FAE P
LS
/N (<0.99 em) 0.08+0.12 0.10+0.11 0.08+0.09 0.506 0.604
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