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Common-used trophic level index in Chinese lakes: Progress and prospects
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Abstract: The eutrophication of lakes (including natural lakes and artificial reservoirs) and the associated algal blooms are global
environmental problems, and the trophic state index is the most popular tool for quantifying eutrophication levels. However, there
are obvious differences in ecological principle, applicability, etc. between the commonly used trophic state indices, and improper
use may lead to misestimation of eutrophication levels and the associated risk of algal blooms, resulting in misalignment of lake pro-

tection and restoration measures. Here, the ecological principle, commonalities, differences and sources of uncertainty of commonly
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used trophic state indices in China were reviewed in the current study. In general, the ecological principle of trophic level index in-
cludes three types: 1) Carlson type (e.g. trophic state index, TSI), secchi depth (SD) was considered as the key variable in
Carlson type index, and doubled SD corresponds to the 10 points difference of the index, which hypothetically indicates doubled
phytoplankton biomass changes. In addition, it is assumed that when SD reaches 64 m, it is recorded as an index value of 0;
2) modified TSI type (e.g. modified trophic state index, TSIm) , chlorophyll-a (Chl.a) is considered as the key variable in modi-
fied TSI type, and 2.5-fold change in Chl.a corresponds to the 10-score difference that hypothetically indicated doubled phyto-
plankton biomass changes. Meanwhile, it is assumed that when Chl.a reaches 1000 wg/L, the corresponding index score is 100;
3) Trophic Footprint Index type (e.g. trophic footprint index, TFI) , which also uses Chl.a as an indicator of algal biomass, with
the e-fold of Chl.a corresponding to 10-score difference in the index, which hypothetically indicated doubled phytoplankton biomass
changes. It was also assumed that 50 points of the index corresponded to a Chl.a of 10 pg/L. The corresponding base equations of
the ‘ key variable’ (i.e. SD or Chl.a) were derived based on the above assumptions, and then both were  directly replaced’ with
empirical equation models between the key variable (SD or Chl.a) and the remaining variables to obtain the assessment equations
for the derived parameter. According to the extension above, the commonality of the trophic level index is that the values of these
indices increased with phytoplankton primary productivity and the associated algal risk. On the other hand, the differences between
the Trophic Level Index were discussed from the perspective of 1) the dataset attributes and the method of obtaining the evaluation
equation for the key variable, 2) the statistical principle of obtaining the evaluation equation for the non-key variables, and 3) the
way of setting the weights for the sub-indices. In terms of prospects, firstly, in order to improve the accuracy of evaluation, it is
proposed to develop localised trophic state indices based on the three basic types mentioned above-as the current commonly used in-
dices are characterised by a " one-size-fits-all" approach. Second, the ecological principle of the trophic level index is the theory of
phytoplankton limiting factors. The differences in the trophic state index sub-indices (i.e. based on total nitrogen, TP, SD and
Chl.a) can be used to identify the limiting factors of phytoplankton. It is suggested that research should be carried out on the mech-
anism of the differences in the sub-indices, as these studies could guide cost-effective algal control efforts. Finally, since lake eco-
systems are often degraded by other pressures in addition to eutrophication, it is recommended that studies be conducted on the
mechanism of the integrated response of lake ecological health to eutrophication and other pressures, which can be used to formulate
targeted restoration efforts to improve lake ecosystem health. The purpose of this review is not to complicate the use of the trophic
level index, but to clarify its ecological principle and applicability, so as to provide a reference for the relevant personnel of lake
eutrophication in using the index, and also to provide a scientific basis for the accurate quantification of trophic status and the accu-
rate implementation of subsequent protection and restoration measures of lakes in China.
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2.3 "HEMEFRIR
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— 7 RO FAL T 5 R AR SOR AT 5 KRR AR R 18 LA PR B sh 4
BT S A S I R B AR A, X — M5 R #RER TN (B TP) Al Chl.a  Chl.a Fil SD (5%
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i TN B2k 22 7 X KA U i 2 7 IR B 5 9 AL ATEAG I 10 T LA SRR o R, SD R 20 Tk 83
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F 2 B FRRBAG R DR 22 157 10 20 S 58 KR 19555 7K AR i 1 1 2 B A i o
Tab.2 Conditions associated with differences between sub-indices of trophic state index (TSI) ,

and suggestions of how they might affect the effectiveness of nutrient or food chain manipulation*

TSI Sy TR 22 S B TR R 0 MR R

&% 1. TSI(Chl.a) = TSI(SD) Hih Z  FK T IGTE I

TSI(SD)= TSI( Chl.a) =TSI(TP) TR ot B 7 e SRR LB T fmr T R T
PR PR ) EL a2 3 GOk O
TSI(TP) >TSI( Chl.a)= TSI(SD) KHESK 571 T AN SRR B B R B A PR Al 5 ke 2
KB UAN 2 (VR W SR L) B B

T5EE 2. TSI( Chl.a) <TSI(SD) /NERUBURIH) (K 5325 56) 5K T 6
TSI(TP) = TSI(SD) >TSI( Chl.a) SD ARFL AN A AW BRI bR . % T AT A
AEHSEOR K O, TR & PEAN S Chla,  AZ3E3ERM0RY S B B CRR &, BRI IR JE 5 32 3015
Flt TP 5 SD Z [AIfF{ER R BT RArPEl, 75 BT R AR Al s 2 U 4 1

AHIEHE it (i BRUTRRY R ACHIA R = KAL)

TSI(SD) >TSI(Chl.a)= TSI(TP) SD ANEAE R A Y B AR TR AR, A 4R X Wl 671 oy
HOTEEA I S BV (B ARS0 Chle 5y TP SR HEEHE T R R R B
TSI(TP) >TSI(SD) >TSI( Chl.a) St PP U £ BT R (R BT 350

TR RN D T/ N DR BR T ORI . Chla W) Rk AR BLAT RLBFHITSR:
T TP ST
&% 3: TSI(Chl.a) >TSI(SD) RELE BEURIY) 3= KR 6T

TSI(Chl.a)= TSI(TP)>>TSI(SD) AU 1 R A, R R A OGRSt T
2 Chl.a BYIBUR Y, IR 22 3@ (Aphanizomenon spp.) = ELEESZ WA ME A9 /K F
SR ORI

%3 FREARP IR X5 6 Fhisin AL & 8 IR RS540 TN TP SD ,COD,, F1 Chl.a i IALH ©
Tab.3 Proposed weights of total nitrogen (TN), total phosphorus (TP), secchi depth (SD) ,
permanganate index (COD,;, ) and chlorophyll-a (Chl.a) of the comprehensive

trophic level index ( TLIc) of six lake types in the Chinese Eastern Plains ecoregion ”

WA FFAE TN TP  SD CODy, Chla
I — R AKER> 15 m oK JFH]>100 d A T KPR 0.01 027 022 001 049
1 — Ny S<IKHE<15 m ok E#>100 d A Tk 0.07 022 020 0.07 0.44
i} — IR KR <5 m K E > 100 d FEAT>50 km? (14 KSR 1I0 0.14 0.17 0.04 0.10 0.55
I\ — I AR <5 m oK <100 d > 50 km? (4 KSR 10 0.00 0.01 0.00 0.16 0.83
\ — R KR <3 m, A< 10 km? 9791 BELFG 90IA 0.04  0.18 0.09 0.68
VI — g KT R S s S AR K R <3 m T A< 10 km? (1 [ 28313 0.00  0.03  0.03 0.94

MU S T OBURHIP AR s v 20 1 0 I 0 R 0 AT 200V A1 VLl b
W

P2 T FEBIAYIE S F AR AR LR 9 AR 7 BB B ML 4 T — K3 — W S
WA R R SRS IO R 0 AR, — 25— HE B 0 LR 1 A
Chl.a 7= 2R TR BT 0B S5 1) 26 065 0 YT 02 5 DIk A 3k SR 0 A 7
45) TR S, JHI 45 W2 AY Chla A TN( S TP SD .COD,,,) 2405 R , BRI T 2% Zou
L S S . e M SRR M E NS L v R T A
B T TR AR AIZE A LSRR, TR 4 2 SRE R 7 A S B
MRS BT Zo 0o A, S R " — 26— IR ARSI A A £ 2 R0 RN, 3 07 o o —
SR |- B LK FRHEHE 2000 5 S B LT AR G 0 5 7 0K P 06 5 AR S DA 9T 23
et T LU MACRI WA AL Al 9006 R, 00— L 5 W0 2 S P L
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IR, A IS A TS EHE)
4.2 HREFRSEH S TUSIRE R, 15 SRR K ERIRIE BRI ER

U2 B Carlson PRI X B BR i P11~ TEL 5 LK A 7 450 G 0 5 o S AT T 384 9 B L (R
2) AU [F] XA A5 5 55 25 S T X TR [ R ) IS8 IS 3 B 2 3 W B 190 B ASE 80™ 5 S35
TSTARIHY B R Rt FH T e DX, R, AR AT AR DXIRRUBE b 58— 05 ¥R A9 M D ol , 26 77
95% LM [T 25 LY ROV 815 D5 32 , b A DX S 0 218 R B ) e IR A R 98 248 ok B2 32 578 W BE A9 o v 5
P AR EA DR BT Carlson [8 13, LA fifp A 3 S BR ] R 57 O Dby 7K A8 v Bl 42 42 LBl 2 AR 01
BN, © A BT AR 5 DA i A M 3 95% 43 AR A, A5 1 32 DX 3R 0 9 2 R BR )
PR A S o 32 3 B W A B of 2 (BT 1) 435029 :1) In Chl.a=4.31+1.37 In TN, P<0.001, R’ =
0.65; 2) In Chl.a=-0.05+1.08 In TP, P<0.001, R*=0.70; 3) In SD=2.42-0.61 In Chl.a, P<0.001, R*=
0.83, IE ik b 3R Ty R DX B S P 1 PR R vk O Ak A 12 DX SR ) 28 BRI TX . 64k, Carlson 18] )1
TR BIAR R FR2E 0T, X7 13 B 5k 22 B8l DR (0G0 435 8 28 3ok B A0 92 40 3 ), BE T 126 39 2 13D
KA 7 T RUBE |- 2 DA 3R R SRS BR300 o DALt A% SR A 5 AR 4 JRd R AR O b i A 3™
T TR ZE ST AT S BRI D 7 (PR 3) , Ayl 7K A6 A SR s 34005 % 11 45 B i R (g 1
SIS KA DR B0 42 ) SR ) 2 S R AR AR
43 RAMBETREMNEERNMEMENNEESMENE B RBRESRERRENRAZER

B E IR RSN , NG R AR SO AL JK7™ IR5E SRR AR A A E 1T R s 4R
R0 R A S WP A BB S B 2 U S R ARG AR o eAh TR IR ) gt
7, R A R RUBE BT, TR K A AR RS Sl 0 28 AR AR A TT LA 7R R RAR RUBE g A2
FHR o DRI, A AR S T TN SE SR PR - 8 80 4 A5 G B o 29 DR T, F R B L — e 1R K A 2
et NI 707 R SR BRI BT S TS S5 RO AR ROF RN 2K S Ak B S
BORA Y 20T S AG IR A= 25 R G A B, A1) s g o 7 S A8 R 530 A 285k o 14 ol 249 P, 3 428 3L 781
THAE SRR R 19 22 AL A R A

5 B3R
Fff=e T B2 L RIB I T W R (DOL: 10.18307/2024.0401)
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Attached Tab.I Evaluation criteria and classification of Eutrophic Index (E])
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Attached Tab. Il Criteria for evaluating trophic state as defined by the World Organization for Economic

Cooperation and Development (OECD)
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Attached Fig.I “Standard" models that reflect conditions where summer algal growth is mainly limited by total

nitrogen (TN, mg/L), toal phosphorus (TP, ug/L), and where algal turbidity is the dominant influence on

water transparency (i.e.,Secchi depth, SD, m) of lakes in the Chinese Eastern Plains ecoregion





