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Comparison of Trophic Status Analysis of the Daning River Within the Three

Gorges Reservoir Before and After Experimental Impoundment

ZHANG Jia-lei'?, ZHENG Bing-hui'?, LIU Lu-san', WANG Li-jing'®, WU Guang-ying’

(1. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of Environmental Sciences,
Beijing 100012, China; 2. State Environmental Protection Key Laboratory of Drinking Water Source Protection, Chinese Research
Academy of Environmental Sciences, Beijing 100012, China; 3. Environmental Monitoring Station of Wushan, Wushan 404700,
China)

Abstract: We evaluated 4-year data set to assess the trophic state and limiting factors of the Three Gorges Reservoir (TGR) during the
experimental impounding period ( September 2005 to September 2007) and the normal operating period ( September 2008 to September
2010). The results indicated that there had been appeared new characteristics in spatial and temporal distribution of trophic state
indices after impoundment. The trophic state indices ( TSI,,) showed increased trend after the TGR impoundment during the study
area, but TSIy and TSIy, had no significant changes after the TGR impoundment. The values of TSI, showed increased trend after the
TGR impoundment in S1, and the values of TSI, did not show obvious changes in S2, S3 and S4 after the TGR impoundment. The
values of TSIy, TSL;,and TSI show similar spatial variances with the highest value in S4, followed in a descending order by S3, S2
and SI. TSI, in the S2 and S3 were higher than that in S1 and S4. According to the characteristics of water level, the operational
period of the TGR classified into following four stages: stage I ( pre-November-April), stage 1T ( May-July), stage I ( July-
September) and stage IV (September-November). The values of TSI, and TSI, in the Daning River and the TGR mainstream showed
similar seasonal variances with the highest value in the stage Il and I, followed in a descending order by stage I and IV. The values
of TSI, varied substantially among the four stages, with the highest value in stage I, followed by stage Il , IV and I. The trophic
state indices differences were getting smaller between the four stages after the TGR impoundment. Using Carlson’s two-dimensional
approach, deviations of the TSIg indicated that factors other than phosphorous and nitrogen limited algal growth and that nonalgal
particles affected light attenuation. These findings were further supported by the significant correlation among the values of TSI and
hydrological factors.

Key words : trophic state indices; hydrological factors; two-dimensional graphical approach; Daning River; Three Gorges Reservoir
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Fig. 1 Location of sampling sites in the Daning River of the Three Gorges Reservoir
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Fig. 3 Time series data of water level and inflow discharge of the Three Gorges Reservoir
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Table 1  Interannual varieties of trophic state indices (mean +sd) in the Daning River within the Three

Gorges Reservoir before and after experimental impoundment
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T K 51.28 +2.91 36.95 £8. 18 49.60 +13. 49 35.98 +7.74
Sl IEH BTN 54.40 +2.94 48.17 £9.16 48.74 £6.29 43.53 £8.44
p 0.000 674 * * 5.88E-05 " * 0.22 0.0002**
T M E K 54.29 +2.97 43.68 £7.63 51.33 +7.84 43.25 +£8.56
2 IEH BTN 55.88 £2.72 54.31 £7. 31 48.92 £5.79 42.22+£7.83
P 0. 06 1.39E-05 * * 0.24 0.67
G E KN 57.10 3. 30 52.77 +6.33 54.18 £10.33 44.70 +10. 58
S3 IEH BTN 57.15 £2. 68 62.51 £7.00 51.61 9. 65 43.80 £11. 86
P 0.96 9.07E-06 " * 0.38 0.79
R E KN 58.99 +2. 11 59.99 +4.56 57.17 £15. 06 33.90 +4.78
“ Ew iz 59.34 +2.03 69. 85 +5.07 55.20 +12.94 34.77 +4.73
P 0.56 9.68E-09 * 0.63 0.53

1) BOKHTE B RN R TT 22001 (P <0.05) 3+ FIR P <0.05, # * /R P <0.01

SR b R S v K A L, IE RS AT By
B X IR TSI, 2 B LB (ANOVA,
p<0.01) , K779 1] 7K A S 28 K VT T 3, 38
W B S FRAR YR K 23.29% | 19.57% . 15.58% Fil
14.12% ; TSI, % A 4k +F 2 & ( ANOVA, P >
0.05), 7 LW EE N 1.73% ~ 4.74% ; TSI Fl

TSI, FEALEFF4 2 (ANOVA,P >0.05) , 2 fL iE

JERIK K 0.09% ~5.74% M1 2.01% ~2.50% ,

LI K A B (S1) i & LI s, LA E A

17.34% .

2.2.2 M E KT B IR R AR A
Ui 1 PR 2T TSIy | TS, A1 TSI, -3 {H,
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JKH] TSI, FREIREE N 38. 41% , IE #3847 TSI F
FEIRERE A 31. 04% 5 REGTEE K TSI, T B B2
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Fig. 4 Seasonal varieties of trophic state indices in the Daning River within the Three Gorges Reservoir before and after impoundment

2.3 R EKETE B IR R GIE R

2 2 O =S P K R VT T A R T ]
(8 SRR TR RZE EL (TSI, — TSI, | TSIy, — TSIy
F TSIy, — TSIy ) FIGETHEE R P31, 8L, b
HE2E | S/ MERAER KA ). AT X B TS, -
TSI, FF- B {E AN P £/ N F & RS AE ST X
WUE SRR SR 132 B AR B2 b B A BRI 5 TSIy,
= TSIy 1 TSIy, — TSIy B-F- 3 (EL A A A7 B 3 /N T
T R WA 5T SR ) K R R, Bk R I T 7%
TR B TR DRI AN R 7K A SRR 25 i R PR R

AW TSI Z{EM 5 2 7 B E. KT
TSI 2ZEE A BE R P AL, KT T (S4) TSIy, -
TSIgp FE/NF R T H K 1 (S3) L [IZK X (S2) F1

[l K AR (S1) , RV 38 TR A Z 2 1) 3E i
ey B A BRI AR BE TR T KUL TR (84)
TSIy — TSIy H1 TSIy, — TSI /N F KT H K O
(S3) . [HIZKIX(S2) FEIZK A i (S1) , F BRI TR
A BRI E R T KT,
2.4 IO TEE KRG AKSCRERNE SRS R R
TE R 3 AT, A AR G438 12 0 B 7K SCREE
N B IR TR B L 2 A AR OCHE | A G 3 Ar
SR B B IR AR AT B 25 (6 R SCRHE
FEA |- 5 AR O, TR e A b A A 2 A Y ]
HA TR, 32 3 F 9 X3 SRR A 48 4k S H 2
TE IR SCRRIESHURY L 23 BT 25 5. TSI, A1 TSI gy
= TS M YT 8 31 77 9T [l 7K R ity 119 40 o 2R 4
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R W RREAG, R WA N 62 5 L TSI, FiE
B BRI Y TSI, — TSIy, 52 B K SCEF AR HE Z 1
AT, I HAR VL0 TSI, A TSIy, -
TSy, 57K SCS B 56 &R W W5 TR 7 sk A
(S3) . [IZKIX (S2) FIEIZK ARG (S1). TSIy, TSIy .

TSIy« TSIy — TSIy Al TSIy — TSy 5K SCRFIES:
BweEEXLRES, RUARAEY»E X
(TSIgy) « BAEFRYHAE R (TSI A TSI, ) FE
FRER AL (TSI, — TSLy . TSIy, — TSI, ) B %
T B A B K SRR A S M A58

R2 ZWOKEBKNEEFRSEREE(SKB/ERESITH) RitHE

Table 2 Statistic summary of trophic state indices( experimental impounding period/normal operating period ) in the Daning River

I B T B FHE LREDR brifEzE fe/MAE N E]
TSIy, - TSIgy, ~14.63/-1.23  -8.60/-0.60 14.59/8.51 ~46.50/ -19.30 4.10/13.00
st TSIy, = TSy ~15.30/-8.87 —15.90/ —11.00 7.69/9.65 ~27.00/ -22.70 4.20/16.00
TSIy, — TSy, -0.95/-2.62  —2.40/-2.50 9.42/12.77  -11.60/-25.90  27.40/20.50
TSIy, - TSIgy, -8.09/-6.71 -10.05/-8.30 7.76/8.41 -23.90/ -21.70 5.50/9.20
2 TSI, — TSIy ~11.05/-13.67 -10.75/ -14.50 8.51/8.52 -25.50/ -26.40 3.50/4.00
TSIy, = TSIy -0.44/-12.12 1.30/-14.10  11.09/10.78  —20.30/ -26.60 16.50/16.40
TSIy, - TSl -9.49/-7.83  -8.85/-4.80 12.01/13.68  —36.00/ —46.60 10.30/15. 80
S3 TSIy, = TSIy -12.40/ -13.35 -12.05/-13.40  10.12/12.26  -26.10/ -36.20 6.30/16.60
TSIy, = TSIy ~8.08/-18.72 -9.90/-19.10  12.99/11.88  -27.30/-39.80  26.40/3.20

TSIy, - TSIy
4 TSIy, = TSIyy
TSIy, — TSIy

-23.28/-20.43 -22.45/-17.50 15.18/11.22
-25.10/ -24.56 -23.25/-25.50 5.35/4.87
-26.10/ -35.08 -26.55/-36.00 5.73/6.28

-62.30/ -40.20 -2.40/-5.70
-34.20/-30.50 -17.50/-15.90
-37.90/ -44.50  -14.10/ -20.20

£3 EFRRTEHSKIFHENEEXR

Table 3  Linear relationships between trophic state indices and hydrodynamic parameters

asll]

Wi i (] =175 R

TSIy =17.707 +0. 125 x (/KAi7) +4.085 x lg(Fize ), R* =0.192; TSIy = —58.701 +0. 623 x (/KA7) +1.870 x lg( Fize) , R* =0. 447

TSIy, =23. 153 =0. 155 x (/Kfir) +12.263 x lg( k), R2 =0.169; TSIy, = —39. 689 +0.367 x (/KAL) +6.302 x lg( Fi k), R =

TSIy =24.500 +0.098 x (7KA7) +3.962 x lg( i), R* =0.179; TSIy = —54.790 +0. 469 x (/K{7) +8.307 x lg( Fi), R* =0.292

TSIy, =11.076 —0.05 x (/KfL) +11.692 x lg( Fitk) , R? =0.255; TSIy, = — 19.328 —0.135 x (/K1) +11.004 x lg( Fidk) , R =

TSIy =50. 691 +0. 011 x (/Kfr) +1.205 xlg(FhE), R2 =0.011; TSIy =5.035 +0.305 x (/Kfir) +1. 653 xlg(F k), R2 =0. 164

TSIg, = —26.807 —0.092 x (Kfir) +23.567 x lg( k), R2 =0.508; TSIy, =57. 135 —0.260 x (/K{L) +6.742 x lg(Fi k), R =

TSIy =60.251 —0.014 x (/Kfir) +0.263 xlg(FHE), R2 =0.009; TSIy = —37. 846 +0. 245 x (/Kfir) —2. 483 x lg(Fi k), R: =0.202

Sl
0.170
TST ey, — TSIy = —62.912 +0. 521 x (7K{i7) —5.937 x lg(Fifk), R* =0.24
TST ey, — TSIy = —57. 147 +0.242 x (KAi) +2. 171 x lg( Fikk) , R* =0. 078
TSIy, = TSIpp = 19. 055 = 0. 256 x (/KAL) +4. 447 x1g( i), R? =0. 103
S2
0.231
TST . — TSIgp =8. 205 0. 086 x (/Kfii) —0. 668 x lg(Hikk), R? =0.013
TST ey, — TSIy = —5.355 —0.234 x (/K{7) +7.090 x lg(FfL), R* =0.204
TSIy, — TSIy =72. 276 0. 606 x (/KN7) +2. 701 x lg(Fisr) , R* =0.339
S3
0.135
TSIy, — TSIg;, =83.859 —0. 169 x (/Kfii) —16. 789 x lg( i), R* =0. 115
TSIy, — TSIy =6.756 —0.272 x (/KAE) +5.483 x lg(ififr) , R? =0. 124
TSIy, — TSIy =52. 213 = 0. 567 x (/Kf7) +5. 089 x lg( i), R* =0.271
S4

0.071

TSIg, = —58.732 —0.016 x (/K{ir) +34.910 x lg( k), R2 =0.571; TSIy, =20.684 —0.019 x (/K{L) +4.157 x lg(F k), R =

TSIy, — TSIgp, =79. 445 —0. 140 x (/KA7) -30. 731 x lg(Fiit) , R* =0. 484
TSIy, - TSIy = —39.370 —0.005 x (/KA7) +3.852 xIg(#if), R? =0.047
TSIy, = TSIpp = = 17.291 —0. 264 x (/KA7) +6.681 xIg(Hitft), R? =0.298
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