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Abstract: The comprehensive trophic state indices based on multiple environment variables, including the Carlson’s trophic state

index (7Slc), the modified Carlson’s trophic state index ( I'SImc) , the comprehensive trophic level index (TLlc) and the lake and
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reservoir trophic state index ( Elc) , are widely used in the trophic level evaluation of lakes. The lake trophic level is generally as-
sessed according to the scores of TSIc, TSImc, TLIc and Elc, which are based on the scores of trophic level indices (7SI, TSIm,
TLI and EI) derived from single environment variables, and thereby are calculated with the method of equal weight averages or by
weighted averages method. If the scores of trophic level indices based on single physio-chemical indicators such as total nitrogen
(TN), total phosphorus (TP) and secchi disk (SD) are significantly different from those based on chlorophyll-a ( Chl.a) , the as-
sessment results based on the physio-chemical indicators could have underestimated or overestimated the actual trophic levels of the
lakes. A large number of small shallow eutrophic lakes are distributed in the lower reach of the Yangtze River. However, little re-
search has been undertaken to determine whether the assessment results based on physio-chemical indicators could misjudge the ac-
tual eutrophication levels of these lakes. Here, 14 small shallow eutrophic lakes were selected as the research waterbodies. The wa-
ter samples in April, July, and October 2019 and January 2020 were collected, and Chl.a, TN and TP concentrations as well as
SD were measured simultaneously. Subsequently, the differences between each of the trophic state indices scores (TSI, TSIm, TLI
and EI) based on SD, TN, TP and the scores based on Chl.a were detected. The results showed that the annual scores of TSI,
TSIm, TLI and EI based on SD were all significantly higher than those based on Chl.a. The score of TS/ (TP) was not significantly
different from that of 7SI (Chl.a) , but the scores of TSIm, TLI and EI based on TP were remarkably different from those based on
Chl.a. Among TN-based trophic level indices, only the annual score of TLI (TN) was not significantly different from that of 7L/
(Chl.a). The abovementioned results indicated that except for 7SI (TP) and TLI (TN) , the assessment results based on physio-
chemical indicators and that based on Chl.a could not match each other. For resolving the problem in the eutrophication level as-
sessment of these small lakes based on physio-chemical indicators, the following improvement suggestions were proposed: 1) based
on the InSD—=InChl.a—InTP linear relationships, the trophic state index equations of TSIr, TSImr and TLIr were reconstructed.
TSImr and TLIr indices were recommended to be used in the eutrophication level assessment of the small shallow lakes according to
the match degree between the scores of based on single environment variables and that of the Chl.a-based indices, the differences
among the scores of TSIrc, TSImrc and TLIrc based on multiple physio-chemical indicators, and the consistency between the scores
of TSIrc, TSImrc and TLIrc and the score zones of trophic level indices corresponding to the measured Chl.a concentrations; 2) the
score of TLIrc was calculated by weighted averages methods. TLIrc score that was based on normalized correlation weight (W}, ) de-
rived from measured physio-chemical indicators was not significantly different from that based on the weights (W) originated di-
rectly from literature data. Therefore, it is recommended to calculate the score of TLIrc index with W), for convenience.

Keywords: Lower reach of the Yangize River; shallow lakes; eutrophication level; evaluation equation; restruction
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Fig.1 The sampling lakes in the lower reach of the Yangtze River
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S AU, T 80T 5 T SD & B IR S BR /r  3EE T T Chla 91353

EIRE A EA 8 IR A IR XU DAk 1 25 ST S S 77 LR 5 R I 7K AR 3 2 A e 1) BIR ) X1
T BT WA, RS T TN HI Chla (4RI, KL TN fifBE T 47% 14 Chl.a 546 (1 2) o (AL
AL 2 TN AT Chla AT E (B AR , &30 TN {LREAR B 24% 1 Chl.a A840 (REFEIE) ; Hilid £ougtt
(U534 % B, A TP % JE4F Chla 28 ShRE IR, 7 TN BeHERR HmE 77 R o skt T A 52 3 o
TN %} Chl.a ZE SRR . TG, ol GBS A ST IR ECA BR A 0I0 AR R BOR 240G
R, RAEARF LI TLI(TN) 55 TLI( Chl.a) 7543 8] JC & 3 22 5 (H IR GEBA € TLICTN) (97 45 3k g
S WA 64 S BR B AR DL E ETCTN) 3 3 & T EI(Chla) 53{H . 4 J5 i SRS 2 1A 1 ke
i, SR ANRAT WA AR SR, () IR0 00 SR P 20 S B T I i 2 40 A B 5 (95 Zr i S DL B) i TN 55
Chl.a Z [ a1 75 8 ), LUSE N & BT 3 TN 8 FR A48 B0 WA 58 77 0K A &
HE

MIEF TP FEFRREFR B ITARSE R E , JL T TP 53LF Chl.a (971550 (8] ) 25 S PR T8 FR R 5 48
BB, ABFRENA T, TLI(TP) 55 EICTP) (9434343 51 {8 2% T° TLI( Chl.a) #1 EI( Chl.a) F154), 3 U8 ] 5
F TP (% TLI F1 EI 85059 8AG T WA 2R & B 3R KT, R Chl.a XTEFRER MR R I TLL A ET 48
SOk T A R AR B R RIS, A InTP (TN ) ~InChl.a [ J5 75 2 , AS B 5 0961 385 2% Ml i) 52
FBEALRI BRI (8 InTN=InChl.a M3 772 (1) R = 0.47 H P<0.01) TN X i 5 A 4y 5t (¥ 5% i ] g 11 55 1
Chl.a X TP Wi i AU E . SR, TSIm(TP) 1353 M1 . 3 % T TSIm(Chl.a) . f1T TSIm J5 FEAb i 2 LA H
AW 8 WM B Sy BERL L 107 TLE A ET R OG5 FAl) g T 40 (v JR A 45 8 B 45 | o 35030 , 799 0 903 1)
M5 5% 22 571145 SD-TP-Chl.a [A] (¢ R Al I A — 2, X ulF B S ECARBFSE TSIm (TP ) 1543 & T TSIm
(Chl.a) 370 B Z A o (EARERE A, TSI(TP) 5 TSI( Chl.a) 1353 M1 JC 2. 3% 22 5%, (AR I TSI(TP)
AR —E A T ERTL T /NN E TR WP, R TSI 45 %0k 2 R B2 L SD 457K Chl.a B,
WA B T 0 R F TR K FE PR KA AR BRSO 130 22 B K 9 L SD ANHAZF) Chla e 5%
M, AT REIE 57K A A R 1SS R B B IR G
3.3 KILTiF/MNE R KA E TR K FIF MR I

1T AR o SD-Chl.a—TP (TN) JC R Y ZHEME , (155 T B TR AR A PPAG 45 RATE A RE S LA (Y
FLSCEFRIRES , R AT 2 A — K5 I SRS ik . AR SRR, AR
FAMEANE SRR, ST AR HR 19 TTAl 45 SR HE LB WLy i) S B & 8 75 Ak KT, DR AR i AR 7 5 1)
InSD-InChl.a~InTP ('TN) f) [A1 U5 J5 #2 , EAGZRAG T TSI TSImr A TLIr TRECTFR (R 1) o FFEUWINY
&, T EHEEOr A I AL TILERY SD-Chl.a=TP (TN) X5, LB A EA ET 5805 e

2 1 TRl MBI AR A SR T H )7 TS0/ TS Ime/ TLIF)
Tab.1 Reconstruction models of the trophic state index ( TSIr/TSImr/TLIr)

of the small shallow lakes in the lower reach of the Yangtze River

TSIr 778 TSImr 772 TLIr 77
0.32 In Chl.a=0.17 In Chl.
TSIr(Chl.a)= 10x( 6+%) # TSImr( Chl.a)= 10><( 2.46+ Il‘ S 5”) # TLIr(Chl.a)= 10x(2.5+1.086 In Chl.a)
n n .
In SD 0.53-3.13 In SD
* TSIF(SD) = 10><( 6- T 5 ) TSImr(SD)= 10><( 2.46+?5") TLIF(SD) = 10x(3.03-3.13 In SD)
n n Z.
0.35 In TP+1.80 1.08 In TP+6.17
TSIr(TP) = 10><( 6+#) TSImr(TP)= 10><( 2.46+?) TLIF(TP) = 10x(1.17 In TP+9.20)
n n .

s TLIr(TN) = 10x( 1.69 In TN+5.45)

SRR TSI TSIm A TLE (SR B ARG Dy B e ot TASHITE D TN X Chla ZEAL 9 i BEJE R T 50% , Ptk TLIr
(TN) Ji AR SAVE s 1

SRAEM ARG, 2T HILIE R (SD TN F1 TP) 53T Chl.a B975 FRAHE B 43R 3 00 8 v 25 =
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D), DR b3k 3 S B Tk 05 B AE I 25 FR AL K ST A h A — 5 9 LR (EL 7 52 B 1
R AN TE R T 2B R 044 5 FRRBHE 8 (TSIe 5, TSIme 8, TLIc 5 Elc) 184y , AR5
TS FR BRI SRS R ST A AR, HE— 2 e S AT 2 B AT i S
FF TN TP .SD 1 Chl.a MIZEA E IR IEEAFIY, KB TSIre 1353 4E9{H .28 &5 T TSImrc F1 TLIrc [ 53{H,
T Je W2 ) G S 3 25 S (BT PRLID ) o AR, ASHFSEIE ' Chla W B AOAE M8 A 37.21 pe/L o W TSI TSIm
T TLI J7 R M AR B USO8 77 0K 254 MO 72 7 , % Chl.a % B X657 19 TSI, TSIm 1 TLI B4 43 3 76
60~70 i)' AT () TSIre AEME Ay 73.00+4.32 K I FAMFFE B J7 R A TSI 1853 BAREAG T
WA SEBR B B SR AT AR SE KUK o 2854 TST 15 BOM R i 25 A5 2 5B ( LA WA SCRI 75 3843 ) , BEIAE T
FEH Ll /N R AR B 2 AKE A i, AN BUCR TSI 484K,

S — FIRES T 4 J7 T, % A B0 00 o 925
TP S BUNI—ALAEAUR FARAREAR BRI 18] (TSlmre vs. TLire) J2 50 3 4522
Tab.2 Normalized correlation weight of St HHAMEIAE 60 ~70 ZJ], X 57Kk Chl.a e
each of the assessment parameters based (37.21 pg/L) X REH) TSIm ( Chl.a) FI TLI( Chl.a ) 15
on lake trophic level index of TLI Ay IXE—3, KN, @2 N TSImre 1 TLIrc 18

KRR TLI(Chl.a) TLICTN) TLI(TP) TLI(SD) BOR VTS S T i /N B K BTA 7Y & 8 IRk K
oo BRI B () 2, BT AT 5E IR R S

W 0.370 0.174 0.270 0.185

Wi 0326 0230 0219 0225 (BRI — AR AL (W, ) RIS T 42 5| STk AL
PERIARSALTE (W) (£ 2) , A T T 5

TLIr W335, I A BRI WA 25 18] G Sk 35 1 22 55 ( ffs T

D) o AAFETENE AR BE %, SRR T TLEre $8EOTAS VTR e/ N ALK 1A B 8 R A, 7T L5 iR L
FLHES | FHSCRREE SRAR K VA — AR A (W), ) 15 TLIre 38504597

IR AR STIA AT S AT P« Chla EWITAE BRI R AR . I, 32K Chla J5E 1
HERRPERL AT IO 2, AR Chl.a YR E 17 802 , E R ZEGRAT £ BE RN I 25 22 i, 2k
240 ML PR R 7 B AN AR ), DRI T 25000 ) Chla VR BE T REAFAE 22 5% 0 LLAN: A OFSE R L, LA Sl 4
YA T AR Chla i FE .35 15 T LA DI TR PR A 412 B0V 300 0 e 3" LR 0 A2 Ol 2 4R 140 7 3R 4R 11
Chl.a 3 AL Ge 8 FH (O BBk (0 2 R Sty 7)o At 303 391 S B0 5 473 48 FH DR IR A 2 55 ok
WS Chla e ™ RUESUA X AR DU S BURNHRT TS & AT I 32 Chl.a SRIBURIAE M brifi )y ik ,
A3k S [N Chl.a e B 05 J7 5 19 i 22 5 BO0H) T 1A 09 SE B s IR Ko JF B A B3R W, Bk s (9
Chl.a e 3 75 45 S5 R RE JE 301 P 4 28 A6 Tl — 5K (4 S [T Bt 220, 40 T i DA B8 IM 28 A 78 4yt A e ke 30"
PR DU DG 27 2 3 B R i 5 8 — R SR AR AT b e, LA 8 S VA 3t DA 9 ) 8 TR
4 &g

1) T HAL ISR E TR TR RO B ) 1T VTR i/ NEBOK A R 5P g IR R A

2) R4 InSD=InChl.a—InTP (TN) [ia] iy [8] )= 5C 5 Al T VLR /N KA 8978 SRR 2846 Bo0s 72
(TSIr TSImr #1 TLIr) o 5T HACHEPR 52 T Chloa B9 TSImr F TLIr (978 3R RS 8 4005 70 0] 35 76 (2. 25 1k 22
5o LRBIRIRILN Chl.a ¥R JE KT 2 B8N 256 8 SR8 B (TSImre 71 TLIre) 1353, #1875 18N H
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[ T ~ T 0L EE Ffi ( DOL: 10.18307/2023.0411)
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Attached Fig. I The flowchart for data analysis in this study
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Attached Fig. III The scores of TSIr, TSImr and TLIr indices (Mean+SD) of the small shallow lakes in the lower
reach of the Yangtze River (Mean = SD). Different lower-case letters indicate that there are significant

differences among the scores of different trophic level indices. The same see below
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Attached Fig.III The scores of TSIrc, TSImrc, TLIrc.; and TLIr..2 indices (Mean £ SD) of the small shallow
lakes in the lower reach of the Yangtze River (Mean &= SD)





