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Abstract. Zooplankton, particularly the rotifera group, plays a crucial role in aquatic ecological monitoring. Nevertheless, some
challenges arose as applying rotifers as indicators. In this study, which focused on the waters of and surrounding Shanghai. The ef-
fectiveness of three rotifer indices( Qy/r, E/O and TSIy ) were evaluated for assessing the nutritional status of water. The rela-
tionships between rotifer density, biomass and diversity indices with the nutritional status of aquatic environments were discussed.
The results were as follows. The TSIy index and rotifer biomass were somewhat reliable in indicating the nutritional status of wa-
ter, but the evaluation effectiveness was significantly influenced by seasonal variations. In Shanghai, the TSIy, index was more
suitable in summer and autumn, but not in winter and spring. During summer, rotifer density and biomass correlated most closely

with TLI. As TLI increases, rotifer density proved to be a more effective indicator than their biomass. In regions characterized by
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distinct seasons and predominantly eutrophic water bodies, assessing the nutritional status of water using either the Qy,y index or
the E/0 index was inappropriate, as both methods had limitations in such environments. In Shanghai, using o diversity indices
(‘Shannon, Simpson, Pielou) to assess water nutrition levels was unsuitable, as these indices showed minimal variance in concen-
tration ranges across different nutritional stages of water bodies. Additionally, during the summer, habitat emerged as one of the key
factors influencing the accuracy of rotifers in indicating the nutritional status of water bodies. Furthermore, the consistency of the e-
valuation results between T'SIyypp and TSIpgyy , as well as between T'SIygpp and T'SIpgp,y , was relatively low. Therefore, a thor-
ough understanding of the hydrological state of the assessed lakes was necessary before applying the TSIy index to ensure its pre-
cision.

Keywords: Indicator function of rotifers; eutrophication; TSIy, index; Qp,p index; E/O index; Shanghai
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Fig.1 Location and distribution of water bodies in the survey area
(number of investigated water bodies in parentheses)
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Fig.3 The proportion of the sample points

in each nutrient state evaluated by

TSI, index in different seasons
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Tab.4 Comparison of evaluation results between E/0 index and TLI index in different seasons
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RS 21.2% 3.8% 12.9% 5.6% 20.0% 6.2% 27.3% 54.5%
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evaluation results of TS/, index in different seasons
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Fig.4 Regression between rotifer density and TLI in spring(a), summer(b) and autumn(c)
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Fig.5 Regression between rotifer biomass and TLI in summer(a) and autumn(b)
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Fig.6 Cloud and rain plots of rotifera a diversity index and TLI in each TLI interval in summer
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Attached Tab. [ The classification criteria for TLI values corresponding to the nutrient status of water bodies

TLI HIRE A 434 T I 25 2
<30 TE IR 0
30<TLI<50 g IR 1
50<TLI<60 R ,
60<TLI<70 HREEE IR 3
70<TLI<80 HEEER 4
~80 HEES 4

BRI Opr 48 BUE NS R E FRARES K81 73

Attached Tab. Il The classification criteria for Qs/rvalues corresponding to the nutrient status of water bodies

Osr i 8UHE TRAA KT R TR A 2]
Opr<1 FE TR
1<0p<2 TR
Op/r>2 wETR

BRI E/O FaEE s NK RS FRARA IR 2 B e

Attached Tab.IIl The classification criteria for £/0 values corresponding to the nutrient status of water bodies

E/0 8 AU I
E/0<0.5 ot

0.5<E/0<1.5 g%

1.5<E/0<5.0 R
/0> K

MRV TSIror FHIMHE A
Attached Tab.IV TSIzorcalculation formula for each group

Dimictic 41 Polymictic 2 LREWIARE I H
TSIror=5.56In(N) + 17.85 TSIror1=4.64In(N) + 25.36 TSIror1=5.38In(N) + 19.28
TSIror=5.75In(B) + 64.3 TSIror>=4.79In(B) + 64.46 TSIror=5.63In(B) + 64.47
TSIror3=0.238 BAC + 42.63 TSIror3=8.20In(BAC) + 28.63 TSIror3=0.23BAC + 44.3
TSIrors=0.198 TECTA + 48.8 TSIror4=0.144 TECTA + 54.8 TSIror4=0.187 TECTA + 50.38
TSIgors=3.27 (B: N)~0-33¢ TSIrors=6.93 (B: N)0-254 TSIrors=3.85 (B: N)~0-318
TSIror6=0.201 IHT + 39.8 TSIrore=0.2 ITHT + 41 TSIror6=0.203 IHT + 40

X, N URAMAEG B OV BUR E R R BAC N RH)E (Brachionus spp.) MANMAEL 5 B AMAEUY E 4 EE: TECTA
NTRIZIE AT He R (Keratella cochlearis f. tecta) [N SR HHEHL (Keratella cochlearis) NMEKUME 7. BNy
RRREREYES BB HAE . THT PRk 4 &8 FRA A & a8 A E 2 L, Feom K s S IR i
FYRIaGHC R (Anuraeopsis fissa)  BREIBIR I, K=JFH M (Filinia longiseta) « JTOBIRTE A PR S, HRA T

(Keratella quadrata) , VIR H (Pompholyx sulcata) , Wi/ J@#e H (Trichocerca pusilla) - Fa~KIKTTE IR IR A
BRI B (Ascomorpha ecaudis) , SR TCHi%E . (Ascomorpha ovalis) , F:EMREEH (Gastropus stylifer) , BKZ I
1 (Polyarthra major) o
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Attached Tab.V Classification criteria for T'Siror values corresponding to the nutritional status of water bodies

TSIror R EUH HIRRES JE ST R LI 45
<45 B 1
45<TSIpor<55 TR E R 2
55<TSIror<65 BEHIF 3
>65 o 4

IR VL TLI VNS5 RS E/O R BT 85 R 22 7 UK mids

Attached Tab.VI Points with large differences between TLI evaluation results and £/0 index evaluation results

FE A TLI & TLI VP 45 R E/O E/O 8 ¥PPIT 45 2R
% HP 2 7571 B IR 0.33 TE IR
#HLS 4 67.43 TR E TR 0.33 T IR
#HNY 2 59.09 BRI EER 0.00 TE IR
#FYP_I 62.30 R E TR 0.00 T IR

% BNH_5 64.11 T R 0.00 TE IR
% BNH_8 61.60 R R 0.00 TE IR
% GQSL_1 80.18 wEE 0.00 TE IR
HGYY_I 56.23 REEE 0.00 TE IR
HGYY 4 57.48 BREEE 0.00 TE IR
HNY 2 50.90 REEE 0.00 T TR
i SL3 65.29 TR E TR 0.00 T IR
K CF_1 89.35 TR 0.00 e eisit
#K CF_2 90.24 TR 0.00 T IR
# CF 4 90.14 R 0.00 TE IR
#K CF_5 73.85 G E R 0.00 TE IR
%4 SL3 64.95 TR E R 0.00 IR

PRV EFRRAHE H o 2 PR m 1 s

Attached Tab.VIl Situation table of sites with heavier nutritional status and higher o diversity

S TLI {8 HIRRE Shannon % Simpson 8%  Pielou 5] E 8% YrFhE

2_GQSL_S 85.14 5=1 2.09 7.23 0.91 10
K XY_3 72.91 R E T 2.06 6.72 0.89 10
% _HLT 2 86.97 w7 2.02 6.35 0.88 10
H _GQSL 2 78.27 LR E 2.01 6.34 0.87 10
H_GQSL_4 81.66 [ 2.16 7.11 0.87 12
K_GC_1 79.58 AR E R 2.14 7.05 0.83 13
FK_SHNUFX_1 78.91 R E 2.08 6.31 0.81 13
2 HX 3 62.32 PR IR 2 5.05 0.78 13
#_Yc4 91.06 R 223 6.9 0.84 14
#_YCl1 89.82 R 2.17 6.9 0.82 14



®_DSHI 66.97 o RE R 2.13 6.33 0.79 15

®_DSH2 78.08 HEEER 2.11 5.55 0.76 16
# MRY_1 70.27 HREEE 2.03 5.94 0.73 16
¥ DLH6 69.1 P R PR 2.26 7.36 0.8 17
# BNH 7 70.25 SR E R 2.22 6.52 0.78 17
¥ MLH 2 73.22 HEEE R 2.15 6.07 0.76 17
H SHNUFX 2 83.25 HEE R 242 8.52 0.84 18
#*_yc2 89.33 BHEIE 223 6.63 0.77 18

# CHJ 83.18 wHEIE 2.03 5.63 0.69 19

5 SHNUFX 1 83.48 HER 2.36 6.72 0.77 21
H_CHJ 77.48 HEEER 225 6.86 0.74 21

% DLHS5 63.83 PR IR 2.14 5.4 0.68 23

BV & FRIRS B H. o ZFEIEBURA AL 5
Attached Tab.VIl Sites of light nutritional statuswith low a-diversity

FE R TLI {8 BRIRE Shannon 5% Simpson 5%  Pielou %5 5%

#_MHTY 2 48.29 g R 0.88 1.66 0.42
# CS 2 58.39 BREEE 0.96 2.33 0.87
# CS 3 52.42 REEER 0.88 2.14 0.80
# HX 2 56.77 REEER 0.96 1.76 0.49
# HX 4 56.27 REEER 0.88 1.59 0.40
# JWSD 2 56.82 REEER 0.88 1.52 0.33
% S 1 58.56 REEER 0.96 1.76 0.44
# YP 2 57.12 BRI EER 0.49 1.27 0.18
# XIW 59.56 REEER 0.64 1.35 0.35
# BNH_1 65.74 R R 0.96 2.10 0.54
# BNH_10 68.42 U R 0.79 1.69 0.34
# BNH_5 60.38 TR E IR 0.94 2.20 0.48
# BNH 9 61.48 P EE R 0.89 1.74 0.46
# DSH 5 67.98 PEEER 0.26 1.12 0.24
# DSH_6 63.89 PR 0.25 1.12 0.23
# DSH 7 67.80 PR R 0.39 1.23 0.35
# _HX_1 60.66 T R 0.96 1.64 0.39
# HX 3 60.46 T 3R 0.97 1.75 0.44
# JWSD 3 60.56 PR E R 0.96 1.68 0.38
# LS 1 64.23 PR E IR 0.74 1.59 0.46
# LS 2 66.53 PR R 0.90 1.70 0.46
# LS 3 63.78 PR R 0.98 1.90 0.47
# LS 4 67.43 PR R 0.73 1.43 0.35
# MLH_1 64.68 R R 0.82 1.52 0.33
% SI2 65.95 PR R 0.97 1.88 0.44
# XCT 60.12 PR R 0.98 1.94 0.61
# DSH2 62.21 R R 0.56 1.60 0.81



#_YDH 64.22 TR R 0.68 1.96 0.99
# BNH_6 75.02 HEEER 0.69 1.56 0.50
#_FXY_1 79.99 HEEE R 0.70 1.52 0.39

% GQSL 3 78.52 HEEER 0.87 2.00 0.79

# HP_1 71.94 HEEEF 0.93 2.29 0.58

# SHNUFX 1 76.07 HEEER 0.82 1.43 0.30

£ YC4 71.85 HEEER 0.90 1.60 0.39

#_FXY 2 82.95 R 0.82 1.74 0.51
# SHNUFX 2 81.43 BB 0.38 1.16 0.15
# SHNUFX 3 83.48 BB 0.73 1.45 0.35

% BNH_I 58.93 RIEEER 0.44 1.27 0.40

5 BNH 9 51.28 RIEEEFR 0.88 1.66 0.49

H CS 1 52.81 BREEER 0.73 1.68 0.67
% DSH 6 58.43 B g 0.89 222 0.81
5 DSH 8 54.58 REEER 0.73 1.72 0.66
2 GYY_1 56.23 REEER 0.69 1.55 0.43

H NY_ 2 50.90 BRI EER 0.50 1.47 0.72

2 YP2 54.03 BRI EER 0.79 2.00 0.49
H BNH_5 64.11 R 0.83 1.71 0.52
X BNH_8 61.60 R R 0.75 1.58 0.54
¥ DSH 7 61.02 PR E R 0.95 2.20 0.69

H SL1 64.75 P R R 0.97 1.70 0.44

5 SL2 65.47 R R 0.90 2.01 0.41

B S13 65.29 PR E R 0.22 1.10 0.20

" GC2 74.59 HEEER 0.92 1.66 0.44

# SHNUFX 3 77.84 HEEESR 0.34 1.17 0.21

H 7B 2 77.13 G E R 0.90 1.81 0.36
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FK_BNH_7 47.97 g R 0.59 1.33 0.31

#_CS_3 47.10 g 0.33 1.22 0.47

BKNY_1 44.05 g R 0.56 1.60 0.81

K NY 2 46.86 g R 0.64 1.80 0.92

*_Si_1 4932 = 0.74 1.89 0.53

H*_SJ 2 43.53 g 0.89 1.94 0.55
#_DLH6 52.96 REEER 0.23 1.08 0.10

#_SL1 55.76 REEER 0.50 1.47 0.72

#k_SL2 50.34 REEER 0.67 1.92 0.97

FX_BNH_10 58.65 RIEEER 0.71 1.69 0.64

FX_BNH_2 53.05 RIEEER 0.64 1.80 0.92

_CS 2 53.62 REEEHR 0.41 1.32 0.59

#*_CS 4 54.15 BRI 0.53 1.53 0.76
#k_DSH_8 59.58 REEER 0.60 1.46 0.55



*_GYY 2 57.58 REEER 0.64 1.80 0.92
K _KIY 1 58.56 REEER 0.76 1.53 0.43
#K_LS 2 53.54 BREEER 0.51 1.29 0.32
K _MHTY 1 50.42 BREEER 0.93 1.99 0.67
#_7ZB 1 56.35 BRI EER 0.78 1.51 0.44
#_ZB 2 59.31 BRI EEFR 0.41 1.19 0.25
#_DLH4 67.53 T R 0.93 1.82 0.42
#_DSHI1 69.77 PR R 0.63 1.34 0.32
_XIW 67.73 PR R 0.81 1.60 0.51
_CI 1 61.29 PR R 0.90 1.85 0.65
*_CJ 2 63.18 PR E R 0.36 1.26 0.52
#_DSH 2 66.96 PR IR 0.24 1.14 0.35
#_DSH_4 62.69 PR E R 0.38 1.28 0.54
#_DSH_5 65.50 PR R 0.41 1.32 0.59
#_BNH_4 71.66 HEEER 0.55 1.29 0.28
_FXY 1 72.69 HEEER 0.64 1.80 0.92
_FXY 4 73.98 HEEER 0.22 1.08 0.09
K _MRY 1 73.15 HEEER 0.90 1.71 0.46
_MRY 2 71.68 HEEER 0.83 1.63 0.46
#_CF_1 89.35 8w E R 0.80 1.69 0.49
#_CF 2 90.24 BB 0.87 1.89 0.63
£ GYY_ 3 49.06 hE 0.96 2.33 0.87
A SJ 1 48.97 =P 0.94 231 0.85
X 8 3 4591 hE 0.97 2.46 0.89
% S) 4 45.10 =P 0.95 2.27 0.86
4 BNH_5 51.67 RIEEEFR 0.32 1.17 0.29
4 BNH_9 50.25 R 0.92 2.30 0.84
% CS 3 53.24 BRE R 0.48 1.44 0.70
%4 CS 5 56.21 REEER 0.64 1.80 0.92
£ CS_6 58.87 RIEEER 0.27 1.17 0.39
£ HX 2 56.25 BRI EER 0.38 1.17 0.23
X HX 3 57.05 RIEEER 0.49 1.45 0.71
% _HX 4 56.17 R 0.23 1.10 0.17
£ YP 1 53.27 BRI EER 0.78 1.57 0.48
A 7B 1 54.97 BERER 0.83 1.65 0.40
% BNH_6 61.13 TR R 0.64 1.39 0.40
A Cl 1 64.97 PR R 0.97 2.38 0.88
A& DSH_1 60.66 R R 0.79 1.86 0.72
X DSH 6 61.35 PR R 0.43 1.35 0.62
%4 _GL 61.64 U R 0.72 1.67 0.66
% GQSL 5 60.84 P R R 0.57 1.41 0.52
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Attached Fig. I Photos of the habitats of sample sites where the rotifer community structure was significantly
different from other sites in summer
(a. Caohejing Park, b. Chenshan Botanical Garden, c. Dadian Lake, d. Fangxin Garden 1, e. Fangxin Garden
2, f. Guyi Garden, g. Gucun Park, h. Huilongtan Park, i. Sijing Park, j. Yangpu Park)





